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I.  On  the  Electrical  Resistance  of  Vacuum.  By  E.  Edlund, 
Professor  of  Physics  at  the  Sioedish  Royal  Academy  of 
Sciences*. 

§1. 

IT  lias  been  generally  assumed  that  a  vacuum  presents  a 
total  absence  of  electric  conductivity;  and  there  are 
experiments  dating  from  long  ago  which  seem  to  favour 
the  truth  of  this  opinion.  A  multitude  of  researches  have 
been  made  from  time  to  time,  with  the  view  of  discover- 
ing the  real  state  of  the  question.  This  last  is,  indeed,  of  the 
greatest  importance  in  several  respects.  The  heavenly  bodies 
are  separated  from  one  another  by  space  in  which,  as  far  as  we 
know,  no  other  matter  exists  but  the  luminiieious  aether.  It 
is  a  fact  generally  known  at  the  present  time  that  the  solar 
spots  exert  a  sensible  influence  upon  the  aurora  borealis  and 
the  magnetic  condition  of  the  earth,  or  that  all  these  pheno- 
mena derive  their  origin  from  a  common  cosmic  cause.  Now, 
if  the  space  between  the  celestial  bodies  were  perfectly  non- 
conducting, it  would  be  difficult  to  conceive  the  possibility  of 
a  direct  correlation  between  those  phenomena;  indeed  it  would 
hardly  be  possible  that  an  appreciable  action  of  electrical  in- 
duction should  assert  itself  at  so  great  a  distance.  And  it  is 
quite  as  impossible  to  see,  in  the  correlation  observed,  a  secon- 
dary action  of  the  insignificant  modification  of  the  thermal 

*  Translated  from  a  copy,  commiuiicated  by  the  Author,  of  a  memoir 
presented  to  the  Swedish  Royal  Academy  of  Sciences  on  the  23rd  of  April 
1881,  Kongliga  Svemka  Vetenskaps-Akademiens  Handliriffar,  Bandet  xix. 
no,  2. 
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radiation  which  could  be  produced  by  the  variable  number  and 
size  of  the  sun-spots.  It  is  henceforth  difficult  to  doubt  that 
the  aurovge  boreales  owe  their  production  to  electric  currents 
passing  through  the  terrestrial  atmosphere  ;  but  there  has 
sometimes  been  obsei'ved  an  auroral  light  originating  at  a 
height  so  considerable  above  the  earth's  surface  that  the  tenuity 
of  the  air  at  that  altitude  must  far  exceed  that  which  it  is  pos- 
sible to  produce  by  means  of  the  best  apparatus  of  our  labora- 
tories. This  auroral  light  shows  that  the  rarefied  air  of  those 
high  regions  must  necessarily  be  conductive,  seeing  that  it 
transmits  electric  currents,  although  the  experiments  of  our 
laboratories  lead  to  the  admission  that  air  of  corresponding 
density  is  a  nonconductor  of  electricity*.  The  question 
whether  electricity  needs  or  does  not  need  any  ordinary  pon- 
derable matter  in  order  to  propagate  itself  from  one  place  to 
another  has  been  much  discussed,  and  is  of  great  importance 
when  viewed  from  the  standpoint  of  theory.  If  a  satisfactory 
answer  could  be  made  to  it,  the  question  of  the  electrical 
resistance  of  vacuum  would  also,  of  course,  be  found  solved. 
It  is,  unfortunately,  impossible  to  produce  an  absolute  vacuum, 
so   as    to   solve  the  said  question  by  a  simple    experiment ; 

*  Warren  De  La  Rue  a^dH.'\^'.Miiller  could  not,  with  a  battery  of  11,000 
elements,  make  tlie  current  pass  through  hydrogen  of  which  the  pressm-e 
was  0-0000o5  millimetre  of  mercury.  According  to  the  calculations,  this 
pressure  corresponds  to  the  atmospheric  pressm-e  at  a  height  of  81  "47 
English  miles  ahove  the  surface  of  the  earth.  As  electricity  passes  with 
more  facility  through  hydrogen  than  through  air,  it  would  therefore  fol- 
low fi'om  those  negative  experiments  that  no  electric  discharge  can  take 
place  at  that  altitude  (Xature,  [o]  xxii.  p.  33, 1880).  On  the  gi'oimd  of 
his  experiments,  Pliicker  caiiies  to  9  geographical  miles  the  maximum 
height  above  the  earth  at  which  aurorne  boreales  can  be  produced  (Pogg. 
Atm.  cxvi.  p.  o-j,  1862).  According  to  the  calcidations  of  Loomis,  the 
intense  aurora  borealis  which  appeared  on  the  28th  of  August  1859  ex- 
tended to  534,  and  that  which  appeared  on  the  2ud  of  September  follow- 
ing to  495  English  miles  above  the  surface  of  the  earth  (American  Journal 
of  Science  and  Ai-ts,  n.  s.  vol.  xxxii.  p.  318,  1801).  From  observations 
made  upon  28  aurorfe  boreales  Professor  Xewton  has  calcidated  that  theii- 
altitude  vaiied  between  33  and  281  English  miles,  and  their  mean 
height  above  the  earth  amounted  to  130  miles  (Nature,  \o\.  xxii, 
p.  201,  1880).  The  calculation  of  observations  made  simultaneously  at 
Berlin  and  Christiansand  (Norway)  upon  the  intensely  luminous  aurora 
borealis  of  Jan.  7,  1831,  permitted  Hausteen  to  estimate  its  height  above 
the  earth's  surfoce  at  26  geogi-apliical  miles  (J.  Miiller,  LehrhncJi  der  Jios- 
mischeh  Phjsik,  Bnms^^dck,  1861).  That  the  am-ora  in  question,  seen  at 
Upsal  -with  its  crown  in  the  magnetic  zenith  (Pocrg.  Ann.  xxii.),  must 
have  presented  a  considerable  height  above  the  earth,  appears  to  foUow 
from  the  fact  that  it  was  simultaneously  visible  at  Madrid  ( Verzeichniss 
heobachfeter  Norcllkhtcr,  von  Fritz,  Vienna,  1873).  Lemstroni  {(Efvcrs. 
konr/l.  Vettnsk.-Akad.  Forhandl.  18G9),  however,  has  shown  that  auroral 
rays  may  also  appear,  principally  in  the  polar  regions,  at  a  small  distance 
above  the  suif  ace  of  the  earth. 
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moreover,  in  experimenting,  various  circumstances  present 
themselves  which  act  in  a  perturbing  manner  u[)on  the  expe- 
riments, and  of  which  the  conse([U('nces  are  dilKcult  to  calcu- 
late. It  will  therefore  be  worth  while  to  attempt  to  obtain, 
by  a  synoptic  account  and  the  discussion  of  the  researches 
already  made,  some  bases  for  the  correct  appreciation  of  this 
important  question. 

§2. 

Walsh  took  a  glass  tube  bent  into  an  arc  in  the  middle  so 
that  the  two  branches  "SAoro  parallel;  this  ho  filled  with  mer- 
cury and  placed  it  vertically  with  the  are  uniting  the  two 
branches  above,  each  branch  dipping  in  an  insulated  cistern 
filled  with  mercury.  The  mercury  in  the  tulles  then  sank, 
forming  a  vacuum  of  several  feet  length  between  the  vertical 
columns  of  mercury.  When  one  of  the  cisterns  was  then 
charged  with  electricity,  this  passed  with  a  violet  light  through 
the  arc-shaped  vacuum,  and  the  mercury  in  the  other  cistern 
showed  itself  electric.  On  the  other  hand,  Avhen  the  mercury 
was  carefully  boiled  in  the  tube  in  order  to  expel  all  traces  of 
gas  or  humidity,  the  luminous  appearance  was  not  presented, 
and  the  mercury  in  the  second  vessel  showed  no  trace  of  elec- 
tricity. Thus  the  vacuum  freed  from  air  and  moisture  showed 
itself  perfectly  insulating.  The  experiment  took  place  in  the 
presence  of  Franklin,  Smeaton,  de  Luis,  and  several  other 
men  of  science*. 

Morgan  made  an  experiment  for  the  same  purpose,  although 
he  proceeded  differently.  He  filled  "with  mercury  a  glass  tube, 
which  he  placed  vertically  in  a  cistern  filled  with  the  same 
metal.  This  cistern  could  be  closed  hermetically  by  means  of 
a  metal  plate,  and  the  air  above  the  mercury  removed  by  an 
air-pump.  When  this  was  done  the  mercury  of  the  vertical 
tube  descended,  leaving  a  vacuum  behind  it.  The  upper  ex- 
tremity of  the  tube  was  covered  over  outside  by  a  piece  of 
tinfoil.  When  the  foil  received  electricity  from  the  conductor 
of  an  electrical  machine,  the  interior  of  the  tube  became  also 
electric  by  induction;  and  this  electricity  passed,  wdth  a  green 
and  violet  light,  through  the  vacuum  and  the  column  of  mer- 
cury to  the  cistern  :  this  took  place  when  the  tube  had  been 
filled  with  mercury  without  taking  special  precautions  :  but 
Avhen  the  latter  had  been  carefully  boiled,  the  vacuum  obtained 
appeared  to  be  insulatingf. 

For  the  investigation  of  the  resistance  of  a  vacuum  Paul 
Ermann  made  use  of  an  ordinary  cistern-barometer  in  which 

*  Gilbert's  '  Anuals,'  vol.  ii.  p.  161.  f  Phil.  Trans.  1785. 
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the  mercury  had  been  carefully  boiled,  and  the  vacuum  was 
put  into  electric  communication  with  the  exterior  by  a  plati- 
num wire  soldered  to  the  glass  in  the  upper  extremity  of  the 
tube*.  The  mercury-cistern  was  connected  with  a  sensitive 
electroscope.  When  the  platinum  wire  was  electrified  the 
electroscope  showed  no  trace  of  electricity.  Thus  the  Torri- 
cellian vacuum  appeared  here  likewise  to  be  a  nonconductor 
of  electricity.  Davy  obtained  the  same  result  with  a  similar 
experiment,  in  which  two  fine,  very  light  threads  were  fixed 
to  a  platinum  wire  soldered  to  the  tube.  When  the  electricity 
was  communicated  to  this,  the  fine  threads  diverged  and  main- 
tained the  divergence  without  modification,  while  if  the  va- 
cuum had  been  a  conductor  they  must  have  put  themselves 
into  contact  againf.  E.  Becquei'el  made  a  similar  experiment, 
which  led  to  the  same  results  t. 

Masson  employed  for  his  experiments  the  Torricellian 
vacuum  of  a  barometer  in  which  the  mercury  had  been  care- 
fully boiled  §.  Two  platinum  wires  were  soldered  to  the  part 
of  the  tube  surrounding  the  vacuum.  Masson  tried  in  vain 
to  produce  a  discharge  between  these  wires  by  means  of  a 
RuhmkorfF  induction-apparatus  set  in  action  by  a  powerful 
battery;  and  he  infers  from  this  experiment  that  an  absolute 
vacuum  must  be  considered  an  electric  nonconductor.  Some 
very  just  remarks  were  made  by  Gaugain  ||  in  opposition  to 
the  results  of  a  more  recent  experiment  IF,  in  which  Masson 
succeeded  in  passing  the  current  of  a  powerful  RuhmkorfF 
induction-apparatus  through  the  Torricellian  vacuum. 

Some  mercurial  vapour  always  remains  in  the  Torricellian 
space  above  the  column  of  mercury  ;  it  is  therefore  not  an 
absolute  vacuum.  To  obtain  a  more  complete  one,  Gassiot** 
proceeded  as  follows : — Through  a  glass  tube  furnished  with 
platinum  wires  at  its  extremities,  into  which  a  certain  quan- 
tity of  potass  had  been  introduced,  he  passed  a  current  of  pure 
carbonic  acid  until  it  could  be  assumed  that  all  the  air  had 
been  expelled  ;  then  the  carbonic  acid  was  rarefied  by  means 
of  an  air-pump,  and  the  tube  was  closed.  Connecting  now 
the  two  platinum  wires  with  the  two  poles  of  a  powei-ful  induc- 
tion-apparatus, a  continual  transformation  of  the  electrical 
luminous  appearance  presented  itself  as  the  carbonic  acid  was 

*  Gilbert's  'Annals,'  xi.  p.  164;    Riess,  Die  Lekre  von  der  Reibtmgs- 
electricitat,  i.  p.  .39. 

+  Phil.  Trans.  1822 ;  Riess,  /.  c.  p.  42. 
X  Mascavt,  Tiaite  de  Velectricite  staiique,  ii.  p.  100. 
§  Ann.  de  Chim.  et  de  Physique  (3)  xxxi.  pp.  812-315. 
II    Cotnptes  Rendtis,  xli.  p.  152.  ^  Ibid,  xxxvi.  p.  255. 

**  Mascart,  Traite  de  Velectricite  statique,  ii.  p.  101. 
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more  and  more  absorbed  by  the  potass.  At  last,  when  all  the 
carbonic  acid  had  disajipeared,  the  electricity  could  no  longer 
pass  through  the  vacuum  between  the  platinum  wires.  If  a 
galvanometer  was  then  introduced  into  the  circuit,  it  did  not 
show  the  slightest  deflection. 

Gassiot  here  calls  attention  to  a  fact  which  appears  to  us  to 
possess  a  certain  importance: — When  the  gas  was  so  strongly 
rarefied  that  the  direct  discharge  ceased  to  take  place,  it  was 
nevertheless  possible  to  render  the  tube  luminous  by  influence. 
It  was  sufficient  for  this  purpose  to  put  one  of  the  poles  of  the 
induction-coil  into  communication  with  one  of  the  electrodes 
of  the  tube  and  connect  the  other  with  a  strip  of  tinfoil  fixed 
to  the  outside  of  the  tube,  or,  again,  to  put  the  two  poles  each 
into  communication  with  a  special  strip  of  tinfoil  fixed  to  the 
outside  of  the  tube.  Then  the  current  coming  from  the  indue- 
tion-apparatus  could  not  develop  itself,  and  acted  only  by 
induction  upon  the  vacuum.  Although  the  latter  was  suffi- 
ciently complete  to  prevent  the  direct  current  from  passing 
from  the  induction-apparatus,  it  was  nevertheless  possible  to 
produce  a  current  in  it  by  induction. 

Gaugain  did  not  succeed  in  making  the  current  of  a  Ruhm- 
korff  induction-apparatus  traverse  a  perfect  Torricellian  va- 
cuum*; but  at  the  same  time  he  makes  another  observation 
which  appears  to  us  to  be  of  great  importance.  If  a  strip  of 
tinfoil  be  inserted  between  the  electrodes  of  a  less  complete 
vacuum  perpendicularly  to  the  path  of  the  current,  the  electric 
light  shov^^s,  by  its  colour,  that  the  side  of  the  foil  turned 
towards  the  positive  electrode  forms  a  negative  pole,  and  that 
turned  towards  the  negative  electrode  a  positive  pole.  If  one 
of  the  electrodes  be  then  brought  sufficiently  near  to  the  tin- 
foil, the  current  pierces  the  latter  with  a  fine  hole,  through 
which  it  afterwards  takes  its  path  exclusively,  which  puts  an 
end  to  the  polarity  of  the  foil.  This  fact  proves,  according  to 
Gaugain,  that  the  tinfoil  does  not  act  here  solely  as  a  simple 
conductor  of  electricity;  for,  if  that  were  the  case,  the  greater 
part  of  the  current  would  pass  through  the  tinfoil  itself,  which 
must  rightly  be  regarded  as  a  better  conductor  than  the 
rarefied  gas  Avhich  fills  the  aperture.  Gaugain  draws  from 
this  the  conclusion  that  there  must  exist  at  the  surface  between 
the  metal  and  the  gas  a  special  resistance  (we  would  add,  or  a 
contrary  electromotive  force)  opposing  the  passage  of  the  cur- 
rent through  the  metal. 

Pliicker  f  has  also  made  an  observation  which  throws  a 
bright  light  upon  the  point  which  now  occupies  us.     In  some 

*   Comptes  Hendus,  xli.  p.  152. 

t  Pogg.  Ann.  cv.  p.  70 ;  cf.  vol.  civ.  p.  629. 
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Greissler  tubes  furnished  ^vith  platinum  electrodes  which  had 
been  soldered  to  them,  tubes  from  which  the  air  had  been  ex- 
pelled as  completely  fis  possible,  the  current  of  a  RuhmkorflP 
induction-apparatus  passed  at  first  with  a  whitish  light.  In  the 
continuation  of  the  experiment,  however,  the  discharge  soon  be- 
came iuterm  ittent,  to  cease  totally  at  the  end  of  a  few  minutes. 
Pllicker  attributes  the  cause  of  this  phenomenon  to  the  cir- 
cumstance that  the  oxygen  of  the  insignificant  quantity  of  air 
which  was  still  present  in  the  tube  was  absorbed  by  the  pla- 
tinum electrodes,  after  which  the  nitrogen  remaining  was  un- 
able to  transmit  the  discharge.  If  now  strips  of  tinfoil  were 
placed  round  the  tube  near  its  two  extremities,  but  insulated 
from  the  platinum  electrodes,  and  the  poles  of  the  induction- 
apparatus  put  in  contact  with  the  tinfoils,  the  tube  recom- 
menced shinino-  with  electric  light,  indicatino;  that  induced 
currents  were  thus  produced  in  the  vacuum  by  the  charge  and 
discharge  of  the  tinfoils.  If  after  some  time  the  electrodes 
were  connected  with  the  poles  of  the  induction-apparatus,  the 
discharges  again  passed  at  first  with  a  whitish  light,  soon 
became  intermittent,  and  ended  by  totally  ceasing.  After- 
wards, on  the  poles  of  the  apparatus  being  connected  with 
the  tinfoils,  the  tube  was  again  seen  to  shine  with  electric 
light ;  and  these  alternations  could  be  continued  ad  libitum. 
When  the  electric  light  was  explored  with  a  magnet,  it  ap- 
peared that  the  induced  current  producing  it  circulated  with 
a  to-and-fro  movement,  as  there  was  every  reason  to  expect. 
Plilcker's  experiments  consequently  show  that,  if  the  air  of 
the  tube  is  so  rarefied  that  the  current  of  the  induction-appa- 
ratus cannot  traverse  it,  it  is  nevertheless  possible  to  produce, 
with  the  same  apparatus,  induced  currents  in  the  rarefied  air 
— that  is  to  say,  to  set  in  motion  the  electric  material  present 
there.  These  experiments  therefore  entirely  confirm  the 
above-mentioned  experiments  of  Gassiot*. 

Lastly,  Hittorf  t  succeeded  in  producing,  by  the  simulta- 
neous employment  of  the  air-pump  and  intense  heating  of  the 
tube,  a  still  more  perfect  vacuum  than  that  obtained  by  Gas- 
siot with  the  aid  of  pure  carbonic  acid.  Even  when  the  dis- 
tance between  the  electrodes  amounted  to  only  2  or  3  millim., 

*  von  Waltenhofen  deduces  from  his  researches  the  result  that,  as  is 
natiu'al,  the  form  of  the  electrodes  influences  the  limit  of  rarefaction  at 
which  the  current  ceases  to  traverse  the  rarefied  gas.  He  remai-ks,  in 
consequence,  that  if  it  -were  possible  to  introduce  the  current  into  the  rare- 
fied gas  witliout  the  aid  of  electrodes,  the  discharge  woidd  take  place  even 
Tvhcu  the.rarefiietion  was  carried  so  far  that  a  discharge  could  not  be  pro- 
duced with  the  aid  of  the  electrodes  (Pogg-.  Ann.  cxxvi.  p.  537), 

t  Pogg.  Ann.  cxxxn.  p.  201. 
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it  was  impossible  for  the  current  of  the  most  powerful  Ruhm- 
korff  induction-appanitus  to  leap  from  one  of  the  electrodes 
to  the  other.  Instead  of  this,  the  current  passed  from  one  of 
the  platinum  wires  to  the  other  along  the  outside  of  the  tube. 
We  shall,  further  on,  return  to  Hittorf 's  very  instructive  in- 
vestigation. The  experiments  we  have  just  mentioned  show 
that,  if  the  air  of  a  glass  tube  is  rarefied  beyond  a  certain 
limit,  it  is  impossible  for  the  strongest  current  to  pass  through 
it ;  but  the  experiments  of  Gassiot  and  Pliicker  prove  more- 
over that,  even  when  the  limit  of  rarefaction  is  reached,  it  is 
possible  by  induction  to  excite  a  current  in  the  rarefied  gas. 
From  that  time  there  does  not  appear  to  have  been  any  reason 
for  maintaining  that  it  is  the  lack  of  conductivity  in  the  rare- 
fied gas  that  prevents  the  transmission  of  the  direct  current  of 
a  discharge,  that  lack  not  bringing  any  obstacle  to  the  deve- 
lopment of  the  assuredly  weaker  influence-currents.  The 
cause  of  the  dissimilarity  of  the  two  currents  can  hardly  be 
sought  elsewhere  than  in  the  electrodes,  which  in  some  way 
hinder  the  passage  of  the  current  from  them  to  the  rarefied 
gas  or  vice  versa. 

The  influence-current  has  not  such  an  obstacle  to  surmount, 
seeino-  that  it  is  formed  in  the  o-aseous  mass  itself  and  has  no 
need  to  pass,  at  any  point  whatever,  from  a  solid  conductor  to 
the  oas.  This  deduction  is  moreover  in  accordance  with  the 
experiment  made  by  Gaugain  with  the  tinfoil ;  and  we  shall 
have,  in  the  sequel,  repeated  opportunities  of  confirming  it. 
Thus  the  experiments  which  we  have  inentioned  do  not  appear 
to  constitute  a  satisfactory  proof  of  the  assumption  that  highly 
rarefied  gas  or  an  absolute  vacuum  is  by  itself  a  nonconductor 
of  electricity. 

§  3. 

We  now  pass  to  the  researches  respecting  the  electrical 
resistance  of  gases  at  different  degrees  of  density. 

According  to  the  researches  of  M.  E.  Becquerel,  gases  under 
the  ordinary  pressure  of  the  atmosphere  commence  to  become 
conductors  if  they  be  heated  to  redness*.  In  his  experiments  he 
employed  an  ordinary  battery  to  produce  the  current.  Among 
the  observations  which  he  was  able  to  make  in  this  respect  we 
shall  cite  two  which  are  of  special  interest  for  our  subject.  He 
observed  that,  if  the  surftices  of  the  electrodes  between  which 
the  current  passed  were  of  different  sizes,  the  apparent  resist- 
ance of  the  gas  was  greater  when  the  current  passed  from  the 
larger  to  the  smaller  than  if  it  circulated  in  the  opposite  direc- 

*  Comptes  Rendus,  xxxvii,  p.  22 ;  TraiU  du  magmtUme  et  de  V6lectricit4, 
Paris,  1855, 


8  Prof.  E.  Edlund  on  the  Electrical 

tion.  Therefore,  to  obtain  as  small  a  resistance  as  possible,  as 
large  a  surface  as  possible  must  be  given  to  the  negative  pole. 
It  appeared  moreover  that  the  material  composing  the  surfaces 
of  the  poles  had  an  influence  upon  the  amount  of  the  apparent 
resistance.  These  observations  have  been  confirmed  by  those 
which  we  shall  cite  below,  and  present  the  interesting  feature 
that  the  current  was  produced  by  an  ordinary  battery,  which 
was  of  course  not  sufficiently  powerful  to  call  forth  the  forma- 
tion of  a  voltaic  arc.  Hittorf  has  specially  confirmed  the  fact 
that  gases  become  conductors  when  heated  to  redness*. 

Gaugaint  made  the  following  observation  : — If  the  current 
of  a  Ruhmkorff  apparatus  passes  through  the  air  in  a  glass 
tube  in  which  two  platinum  wires  are  inserted  as  electrodes,  a 
galvanometer  intercalated  in  the  circuit  shows  that  the  inten- 
sity of  the  current  increases  in  proportion  as  the  air  is  rarefied, 
until  the  rarefaction  has  reached  a  certain  limit,  but  that  the 
intensity  begins  to  diminish  if  the  rarefaction  be  carried  beyond 
that  limit.  The  degree  of  rarefaction  at  which  the  intensity 
of  the  current  arrives  at  its  maximum  depends  on  a  multitude 
of  circumstances — such  as  the  distance  between  the  electrodes, 
the  size  of  their  surfaces,  the  width  of  the  tube,  &c.  In  general 
the  degree  of  rarefaction  necessary  for  the  maximum  of  inten- 
sity of  the  current  has  increased  in  the  same  measure  as  the 
augmentation  of  surface  of  the  negative  electrode ;  when,  on 
the  contrary,  the  surface  of  the  latter  was  small,  the  rarefac- 
tion of  the  gas  did  not  need  to  be  carried  so  far  in  order  to 
bring  about  the  maximum  of  intensity  of  the  current. 

Morren  has  found  in  his  experiments  the  observation  con- 
firmed that  the  intensity  of  the  current  augments  with  the 
rarefaction  of  the  gas  up  to  a  certain  limit,  past  which  it  begins 
to  diminish  if  the  rarefaction  is  carried  further |.  He  em- 
ployed for  this  purpose  a  Ruhmkorff  apparatus,  and  a  glass 
tube  of  29  millim.  internal  diameter  and  45  centim.  length,  in 
which  the  distance  between  the  soldered  aluminium  electrodes 
amounted  to  24  centim.  Hydrogen  commenced  giving  evi- 
dent deflections  when  the  rarefaction  had  reached  a  pressure 
of  74  millim.  of  mercury  ;  the  deflections  presented  themselves 
at  39  millim.  for  carbonic  acid,  at  29  for  atmospheric  air,  and 
at  23  for  nitrogen  and  oxygen.  Of  course  these  figures 
possess  only  a  relative  importance  and  are  of  value  only  for 
the  conditions  under  which  the  experiments  took  place.  The 
maximum  intensity  of  the  current  presented  itself,  for  the 
first-mentioned  gas,  at  a  pressure  of  1  millim.,  for  oxygen  and 

*  Fogg.  Ann.  Jubelbaiid  (1874),  p.  434. 

t   Comjitcs  Rendus,  xli.  p.  152  (1855). 

I  Ann,  de  (Jhitnie  et  de  Physique,  (4)  iv.  p.  325  (1865). 
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atmospheric  air  at  0*7,  for  carbonic  acid  at  0"8,  and  for  nitro<2;en 
at  1  millim.  Employing;  tubes  and  electrodes  of  equal  size 
in  all  bis  experiments,  Morren  bad  not,  like  Gaugain,  tbe  op- 
portunity of  observing  how  the  maximum  of  intensity  of  the 
current  depended  on  the  width  of  the  tube,  as  well  as  on  the 
distance  and  tbe  size  of  tbe  electrodes. 

Schultz*,  in  his  researches,  employed  as  source  of  electricity 
the  Holtz  machine  instead  of  the  Ruhmkorff  apparatus.  He 
also  used  Faraday's  method  for  the  determination  of  tbe  elec- 
tric tension  necessary  upon  the  electrodes  for  the  production 
of  a  discharge  at  different  densities  of  the  enclosed  o-as.  The 
following  Avero  the  results  of  Schnltz's  researches: — For  the 
passage,  through  rarefied  air,  of  electricity  between  electrodes 
at  a  determined  distance  from  one  another,  the  tension  neces- 
sary diminishes  with  the  reduction  of  the  density  of  the  gas, 
until  the  rarefaction  has  reached  a  certain  limit  at  which  the 
before-mentioned  tension  acquires  its  minimum  value ;  if  the 
rarefaction  is  carried  beyond  that  limit,  the  electric  tension 
must  again  increase  for  a  discharge  to  be  possible.  Tbe  den- 
sity of  the  gas  at  which  tbe  tension  necessary  for  the  discharge 
presents  its  lowest  value  depends  on  the  width  of  the  tube  and 
the  condition  of  the  electrodes.  These  two  conclusions  are  in 
conformity  with  those  established  by  Gaugain  and  Morren. 
But  Schultz  made  another  important  observation,  of  special 
interest  for  our  subject :  he  found  that,  if  the  pressure  of  the 
gas  was  greater  than  that  at  which  the  minimum  of  tension  was 
presented,  the  tension  necessary  for  the  discbarge  increased, 
all  other  circumstances  being  equal,  with  the  distance  between 
the  electrodes;  when,  on  the  contrary,  tbe  pressure  of  the  gas 
was  inferior,  the  tension  was  independent  of  the  distance  be- 
tween the  electrodes.  This  aoroes  with  the  observation  made 
by  De  la  Bive,  according  to  which,  ca'teris  jMrilms,  the  tension 
is  proportional  to  the  distance  between  the  electrodesf.  In 
the  experiments  made  by  De  la  Rive,  however,  the  density  of 
the  gases  examined  (hydrogen  and  nitrogen)  was  higher  than 
that  at  which  they  possessed  their  least  resistance  ;  he  made 
no  experiment  at  a  lower  density  than  that  at  which  the  resist- 
ance was  at  its  minimum. 

'  G.  Wiedemann  and  Riiblmann  executed  in  conjunction,  and 
afterwards  the  former  alone,  some  researches  on  tbe  course  of 
electricity  in  rarefied  gases  |.     The  source  of  electricity  em- 

*  Pogg.  Ann.  cxxxv.  p.  249  (1868). 

t  Comptes  Mendus,  Ivi.  p.  6G9 ;  Arch.  d.  Set.  Phys.  et  Nat.  (2)  xvii. 
p.  53 ;  Mem.  de  la  Soc.  de  Phys.  et  d'Hist.  Ned.  de  Geneve,  xvii.  p.  69 
(1863). 

X  Pogg.  Ann.  cxlv.  pp.  235,  3G4,  aud  plviii.  pp.  35,  252. 
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ployed  in  these  two  series  of  investigations  was  a  Holtz 
machine  giving  a  constant  quantity  of  electricity  proportional 
to  the  velocity  of  rotation  of  the  disk.  In  the  first  series  the 
rarefied  gas  was  contained  in  a  large  receiver  made  of  stout 
sheet  brass,  and  the  discharge  took  place  between  spherical 
electrodes  of  metal,  of  course  insulated  from  the  brass  receiver. 
For  the  observation  of  the  electric  lio-ht  the  receiver  was  fur- 
nished  Avith  two  apertures  opposite  each  other  and  covered 
with  glass.  In  the  second  series  the  electrodes  were  also  sphe- 
rical, but  were  placed  in  balls  of  glass  joined  hermetically  to 
a  glass  tube  the  leno-th  and  width  of  which  were  varied  with 
the  experiments.  In  all  the  experiments  the  discharge  ap- 
peared discontinuous  even  when  the  gas  had  its  maximum  of 
rarefaction ;  this  latter,  how-ever,  was  never  carried  far  enough 
to  surpass  that  of  the  minimum  of  tension  necessary  for  the 
production  of  the  discharge.  The  object  of  the  investigation 
was  to  determine  the  electric  tension  necessary  under  different 
circumstances  to  produce  an  electric  discharge. 

With  the  aid  of  a  rotating  mirror  and  a  heliometric  appa- 
ratus ingeniously  arranged  by  Wiedemann,  a  more  particular 
description  of  which  would  not  be  in  place  here,  it  was  possible 
to  determine  the  time  between  two  successive  discharges. 
The  source  of  electricity  being  constant,  that  time  was  pro- 
portional to  the  electric  tension  of  the  electrodes  at  the  com- 
mencement of  the  discharge.  The  most  imjjortant  results  of 
these  experiments  for  the  question  which  we  have  set  ourselves 
to  elucidate  here  are  the  following: — (1)  If  the  flow  of  elec- 
tricity to  the  electrodes  is  constant,  the  electric  tension  neces- 
sary at  the  electrodes  for  a  discharge  to  take  place  increases 
with  the  pressure  of  the  gas.  (2)  This  tension  depends,  at 
equal  pressure,  on  the  nature  of  the  gas  employed;  it  is  greater 
for  dry  air  than  for  hydrogen ;  but  it  is  independent  of  the 
chemical  nature  of  the  electrodes*.  (3)  The  experiments 
made  at  a  pressure  of  25  millim.  or  above  showed  that  the 
necessary  tension  increased  as  the  distance  between  the  near- 
est points  of  the  electrodes  was  augmented  ;  still  the  increase 
was  less  than  proportionate  to  the  augmentation  of  the  dis- 

*  That  the  tension  necessary  for  the  discharge  wa5  iudepeudont  of  the 
chemical  nature  of  the  electrodes  is  in  contradiction  with  Hittorf 's  expe- 
riment of  winch  we  shall  speak  further  on.  The  difference  of  the  result 
obtained  bv  "Wiedemann  and  Kiihlmann  is  doubtless  due  to  the  electrodes 
in  their  experiments  presenting  relatively  large  surfaces  and  the  pressure 
of  the  gas  being  considerable  (13-8  millim.  and  above).  It  is  known  from 
other  experiments  that  the  influence  of  the  electrodes  is  in  the  inverse 
ratio  of  the  magnitude  of  their  siurfaces,  and  that  it  increases  with  the 
rarefaction  of  the  gas. 
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tance*.  (4)  If  the  positive  electrode  was  put  into  communi- 
cation with  the  earth,  tlie  requisite  tension  was  but  Httle 
greater  than  when  both  insulated  electrodes  were  connected 
with  the  electrical  machine  ;  if,  on  the  contraiy,  it  was  the 
negative  electrode  that  communicated  with  the  earth,  a  still 
stronger  tension  was  necessary  in  order  to  call  forth  the  dis- 
charge. 

The  authors  note,  at  the  end  of  their  first  memoir,  that  the 
circumstances  observed  durino;  the  electric  discharoe  in  rarefied 
gases  appeared  to  argue  the  existence  of  a  sort  of  resistance  to 
the  passage  at  the  surface  between  the  electrode  and  the  envi- 
roning medium,  obstructing  the  issue  of  the  electricity  from 
the  electrode. 

In  the  second  memoir  Wiedemann  communicates  various 
observations  made  with  the  view  of  determining  the  depend- 
ence of  the  tension  necessary  for  the  dischai-ge  on  the  length 
of  the  glass  tube  between  the  glass  sphei'es  furnished  with 
electrodes.  Themininuim  of  pressure  of  gas  employed  in  this 
series  of  observations  was  from  ()"8  to  9*0  millim.j  and  was 
consequently  considerably  lower  than  in  the  corresponding 
series  of  experiments  of  the  first  memoir.  As  conducted  at 
pressures  for  the  most  part  lower,  the  series  in  question  give 
also  as  their  result  that  the  electric  tension  appears  to  be  suffi- 
ciently independent  of  the  length  of  the  glass  tube.  For 
tubes  of  equal  lengths  but  different  widths,  uniting  the  glass 
spheres,  no  great  difference  was  shown  in  the  tension  of  the 
electrodes  necessary  to  produce  the  discharge.  AVhen  the 
apparatus  was  filled  with  rarefied  hydrogen,  the  necessary 
tension  of  discharge  was  less  than  when  it  was  filled  Avith 
rarefied  air. 

Wiedemann  also  made  some  experiments  to  ascertain  the 
quantity  of  heat  evolved,  under  the  prevalence  of  different 
conditions  in  the  tube,  by  the  passage  of  the  electricity.  In 
regard  to  this,  he  found  that,  with  an  equal  flow  of  electricity, 
the  evolution  of  heat  increased  with  the  increase  of  the  density 
of  the  gas,  and  that  the  amount  of  heat  evolved  was,  ca'teris 
paribus,  nearly  independent  of  the  width  of  the  tube.  On  a 
former  occasion  Wiedemann  had  found  that,  when  the  current 
of  an  induction-apparatus  was  passed  through  a  Geissler  tube, 
the  evolution  of  heat  was  proportional  rather  to  the  intensity 
of  the  current  than  to  the  square  of  this,  as  would  be  required 
by  Joule's  law  for  continuous  currents  and  solid  or  liquid  con- 
dnctorsf.  These  two  positions  have  been  completely  confirmed 
by  Naccari  and  Bellati|,  who  found,  on  employing  a  Ruhm- 

*  Pogg.  Ann.  cxlv.  p.  374.  t  Ibid,  cxlv.  p.  2-37. 

X  Beihldtter  zii  den  Ann.  cl.  Phys,  u.  Chem.  ii.  p.  720  (1878). 
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korfF  induction-apparatus,  that  the  quantity  of  heat  evolved  in 
a  Geissler  tube  is  proportional  to  the  quantity  of  electricity 
that  has  passed  through  the  tube,  and  is  almost  independent 
of  the  diameter  of  the  tube.  The  quantity  of  heal  evolved  at 
the  negative  electrode  was  in  the  same  way  proportional  to  the 
quantity  of  electricity  which  had  passed  through  the  tube,  and 
several  times  as  great  as  at  the  positive  electrode  ;  at  this 
latter  the  quantity  of  heat  evolved  was  so  very  small  that  it 
was  impossible  to  determine  distinctly  its  proportionality  to 
the  amount  of  electricity. 

§4. 

From  the  observations  above  cited  we  can  already  deduce 
some  results  which  will  find  their  confirmation  in  the  obser- 
vations expounded  below.  When  the  electric  current  passes 
through  rarefied  gas,  the  gas  is  heated.  This  could  not  take 
place  unless  the  gas  opposed  an  obstacle  to  the  electric  motion. 
The  current  is  forced  to  consume  a  certain  amount  of  work  to 
overcome  this  obstacle  ;  and  it  is  the  work  consumed  that  is 
transformed  into  heat.  We  must  admit,  on  the  ground  of  this 
observation  merely,  that  the  gas  exerts  a  resistance  to  the  pro- 
pagation of  the  electricity ;  it  is,  besides,  of  no  importance 
whatever  for  our  consideration  to  know  the  nature  of  that 
resistance,  whether  it  is  or  is  not  homogeneous  wdth  that  which 
occurs  among  solid  and  liquid  bodies.  The  observations  above- 
mentioned  shoAv  that  the  quantity  of  heat  evolved  may  be 
regarded  as  proportional  to  the  intensity  of  the  current,  and 
not  to  the  square  of  that  intensity  as  Joule's  law  would  require 
it  to  be.  It  follows  directly  from  this,  that,  all  other  circum- 
stances remaining  equal,  the  amount  of  heat  evolved  must  be 
independent  of  the  section  of  the  tube  containing  the  gas. 

Suppose,  for  example,  two  tubes  of  equal  length,  filled  with 
the  same  gas,  the  section  of  one  tube  being  n  times  as  large 
as  that  of  the  other,  and  the  same  current  s  passing  through 

both.     Then  -  of  the  current  passes  through  each  -  of  section 

n  ^  ^  n 

of  the  wide  tube,  whence  it  follows  that  the  evolution  of  heat 

in  each  equal  part  is  proportional  to  — ,  and  consequently  that 

the  heat  evolved  in  all  the  parts  united  is  proportional  to  ."? 
(that  is  to  say,  of  an  amount  equal  to  that  in  the  narrow  tube). 
Of  course,  moreover,  cceteris  paribus  the  evolution  must  in- 
crease with  the  length  of  the  tube,  and  be  in  general  proportional 
to  that  length.  If  /'i  denote  the  specific  resistance  in  a  colunni 
of  gas  of  unit  length,  the  heat  evolved  in  I  units  of  length  will 


Resistance  of  Vacuum.  13 

be  proportional  to  r-J.s  when  the  current  .<?  traverses  that  cohimn. 
Now  AViedeniaun's  experiment  has  demonstrated  that  the 
quantity  of  heat  evolved  diminishes  with  the  rarefaction  of  the 
gas,  while  the  quantity  of  electricity  which  has  passed  is  the 
same,  whence  it  follows  that  the  resistance  1\  of  the  gas  dimi- 
nishes as  the  gas  is  rarefied. 

As  was  said  above,  according  to  Wiedemann  and  Rlihlmann 
the  electric  discharge  in  rarefied  gases  presents  phenomena 
similar  to  those  which  would  be  called  forth  by  the  existence 
of  a  sort  of  resistance  to  the  passage  of  electricity  impeding 
its  escape  from  the  electrodes.  Gaugain's  above-mentioned 
observation  with  the  tinfoil  is  in  favour  of  such  an  admis- 
sion. If  such  a  resistance  between  the  tinfoil  and  the  sur- 
rounding rarefied  gas  be  not  admitted,  it  is  impossible  to  un- 
derstand why  the  electricity  passes  e.vchisiveli/  through  the 
aperture,  as  the  metal  must  be  regarded  as  a  better  conductor 
than  the  gas.  We  can  cite  an  allied  phenomenon  well  suited 
to  furnish  an  elucidation  in  regard  to  this.  When  the  resist- 
ance opposed  by  the  voltaic  arc  to  the  propagation  of  the  gal- 
vanic current  is  measured,  that  resistance  is  found  to  be 
composed  of  two  parts,  one  of  which  is  independent  of  the 
length  of  the  arc,  and  the  other  proportional  to  that  length — 
provided  that,  by  an  appropriate  modification  of  the  rest  of 
the  resistance  in  the  circuit,  the  intensity  of  the  current  is 
maintained  without  sensible  variation  while  the  length  of  the 
arc  is  diminished  or  increased.  Here,  therefore,  the  resistance 
can  be  expressed  by  a  +  hi,  where  a  and  h  are  constants,  and  I 
denotes  the  length  of  the  arc*.  As  a  remains  always  invari- 
able however  short  the  arc  be  made,  this  resistance  must  have 
its  seat  upon  the  electrodes  themselves,  whether  it  be  shared 
between  the  two  or  be  situated  exclusively  upon  one  only. 
Experiment  shows,  it  is  true,  that  the  obstacle  a  to  the  propa- 
gation of  the  current  is  not  produced  by  a  resistance  in  the 
ordinary  sense  of  the  term,  but  by  an  electromotive  force 
which  diminishes  the  intensity  of  the  current  quite  as  much 
as  an  ordinary  resistance  of  the  amount  a.  The  propagation 
of  the  current  in  the  voltaic  arc  and  in  a  rarefied  gas  assumes 
fonns  so  different  that  it  is  impossible  to  deduce  a  priori,  from 
that  which  takes  place  in  the  one  case,  what  must  happen  in 
the  other.  In  the  arc,  particles  are  torn  from  one  electrode 
and  transported  to  the  other;  but  a  similar  transference  is  not 
effected  in  rai-efied  gas.  The  intense  evolution  of  heat  which 
was  found  by  Naccari  and  Bellati  in  the  negative  electrode 

*  (Efvers.  Kongl.  Svensha  Vetemk.-Akad.  Forhmidl.  1867,  p.  95 ;  Pogg. 
Ann.  cxxxi.  p.  586. 
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seems  nevertheless  to  show  positively  that  there,  in  the  same 
way  as  in  the  voltaic  arc,  an  obstacle  must  exist  to  the  propa- 
gation of  the  current.  If  we  designate  this  obstacle  by  r,  the 
total  obstruction  to  the  propagation  of  the  current  through 
the  rarefied  gas  from  one  electi'ode  to  the  other  must  conse- 
quently be  =7'  +  7'i?;  and  it  is  necessary  that  the  electric  ten- 
sion of  the  electrodes  be  able  to  overcome  this  sum  in  order 
that  a  discharge  may  be  possible. 

According  to  the  observations  which  have  been  cited  in  the 
preceding  pages,  the  tension  necessary  for  the  discharge  dimi- 
nishes as  the  gas  is  rarefied,  until  a  certain  limit  is  reached, 
after  which  the  tension  must  be  augmented  for  it  to  be  pos- 
sible to  effect  the  discharge.  The  degree  of  rarefaction  at 
which  this  turning-point  is  met  with  is  dependent  on  the  dis- 
tance between  the  electrodes,  the  width  of  the  tube,  the  amount 
of  surface  of  the  negative  electrode,  and  several  other  circum- 
stances. Now,  as,  from  the  preceding,  ?*i  diminishes  constantly 
with  the  increase  of  rarefaction,  the  fact  in  question,  demon- 
strated experimentally  by  several  physicists,  can  only  be  ex- 
plained by  the  first  term,  r,  increasing  with  the  rarefaction. 
I  consequently  assume  that  the  term  r  increases  when  the 
density  of  the  gas  is  diminished.  In  this  manner  the  sum 
r  +  i\l  can  reach  its  minimum  at  a  certain  density ;  and  when 
this  takes  place,  the  minimum  of  electric  tension  is  suificient 
to  produce  the  discharge.  If  a  Huhmkorff  induction-appa- 
ratus or  an  ordinary  battery  endowed  with  great  electromotive 
force  be  employed  as  the  source  of  electricity,  the  intensity  of 
the  current  is  found  to  increase  as  the  rarefaction  is  continued, 
until  the  above-mentioned  turning-point  is  reached,  after 
which  the  intensity  begins  again  to  diminish.  If  the  rarefac- 
tion be  carried  far  enough,  r  will  have  so  increased  that  no 
tension  will  be  sufficient  to  cause  electricity  to  pass.  Now 
this  by  no  means  comes,  as  it  has  been  assumed  to  come,  from 
excessively  rarefied  gas  being  an  insulator,  but  from  the  resist- 
ance r  having  become  so  great.  The  fact  that  the  degree  of 
rarefaction  at  which  the  point  in  question  is  met  with  depends, 
as  Gaugain  has  observed,  on  the  distance  between  the  elec- 
trodes is  explained  by  the  above-mentioned  exf)ression  of  the 
resistance,  into  which  I  enters  as  a  factor. 

If  the  gas  has  a  pressure  corresponding  with  the  ordinary 
barometric  pressure,  r  is  very  small  in  proportion  to  r^,  and 
can  be  neglected  in  comparison  with  the  latter  term.  It  is 
then  seen  that  the  tension  necessary  for  the  discharge  must  be 
proportional  to  the  distance;  that  is  to  say,  we  arrive  at  the 
well-known  old  law  of  the  distance  of  the  dischary-e.  If  the 
pressure  be  diminished,  r  increases,  while  r-i  decreases  ;  and 
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then  it  is  found  that  the  tension  necessary  for  the  discharo-e 
must  increase  with  the  distance  between  the  electrodes,  but 
more  slowly  than  proportionally  to  that  distance.  If  the  gas 
is  strongly  rarefied,  Vi  can  be  neglected  in  comparison  with  r; 
and  the  tension  necessary  for  the  discharge  is  then  indepen- 
dent of  the  distance  between  the  electrodes.  All  these  deduc- 
tions are  rigorously  conformable  to  the  observations  cited. 

The  fact  that  electricity  cannot  penetrate  an  almost  com- 
plete vacuum  depends,  then,  according  to  this  ex]:)osition,  on 
the  resistance  to  its  passage  between  the  electrodes  and  the 
surrounding  medium  having  risen  above  a  certain  limit*,  and 
has  by  no  means  its  reason  for  existence  in  the  circumstance 
that  the  resistance,  properly  so  called,  of  the  gas  has  received, 
by  the  rarefaction,  an  insurmountable  value;  on  the  contrary, 
the  resistance  of  the  gas  is  diminished  when  its  rarefaction  is 
augmented,  so  that  an  absolute  vacuum  is  to  be  regarded  as  a 
good  conductor.  If  that  is  the  case,  one  ought  to  be  able  to  call 
forth,  without  employing  electrodes,  an  electric  motion  in  a 
vacuum  sufiiciently  complete  for  it  to  be  impossible  to  pass  a 
current  in  it  by  means  of  electrodes.  This  is  in  reality  what 
Gassiot  and  Pliicker  have  already  done,  in  their  above-mention- 
ed induction  experiments  with  strips  of  tinfoil  pasted  to  the 
outer  surface  of  the  tubes.  Morgan's  experiment,  however, 
also  mentioned  above,  might  appear  to  be  in  contradiction 
with  the  fact  cited,  since  it  was  impossible  to  that  physicist  to 
produce  by  influence  a  luminous  phenomenon  in  the  most  per- 
fect vacuum.  But  to  this  it  may  be  objected  that  the  absence 
of  a  luminous  phenomenon  is  not  a  positive  proof  that  no  elec- 
tric motion  took  place  in  the  vacuum.  Morren,  in  his  expe- 
riments upon  the  passing  of  electricity  through  rarefied  gases, 
saw  that  a  o-alvanometer  inserted  in  the  circuit  o-ave  an  evi- 
dent  deflection  before  it  was  possible  to  perceive  any  electric 
light  in  the  tube,  although  the  experiment  took  place  in  a 
dark  roomf.  The  reason  that  in  Morgan's  experiment  no 
electricity  passed  to  the  mercury  column  was  simply  that  there 
was  a  resistance  to  its  passage  between  the  mercury  and  the 
vacuum. 

I  have  not  been  able  to  find  a  single  certain  experimental 
proof  that  absolute  vacuum  is  a  nonconductor;  on  the  con- 
trary, every  thing  indicates  that  vacuum  is  a  good  conductor 

*  I  have  designated  as  a  resistance  the  obstacle  whicli  tlie  current  has 
to  surmoaut  in  order  to  pass  from  the  electrodes  to  the  gas,  or  vice  versa  ; 
now  by  that  I  do  not  at  all  mean  that  the  obstacle  is  due  to  a  resistance 
in  the  ordinary  meaning  of  the  term,  but  rather  that  it  is  au  electromotive 
force  producing  in  this  respect  the  same  effect  as  an  ordinary  resistance. 

t  Ann.  lie  Chim.  et  de  Fhi/s.  (4)  iv.  p.  337. 
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of  electricity.  It  seems  to  me  that,  in  drawing  from  the  kno^vn 
impossibility  of  an  electric  current  traversing  the  most  perfect 
vacuum  between  two  electrodes  the  conclusion  that  a  vacuum 
is  absolutely  nonconducting,  the  same  mistake  has  been  made 
as  when,  from  the  circumstance  that  the  sun  rises  in  the  east 
and  sets  in  the  west,  it  was  believed  that  one  might  infer  that 
the  sun  in  reality  goes  round  the  earth.  The  first  of  these 
conclusions  does  not  appear  more  certain  than  the  second. 

I  will  now  cite  some  observations  furnishing  a  new  support 
for  the  correctness  of  what  has  just  been  said. 

§5. 

Hittorf  made  a  great  number  of  very  instructive  observa- 
tions on  the  conductivity  of  gases*.  In  the  first  series  of  his 
researches  he  employed,  as  electric  source,  a  powerful  Ruhm- 
korff  induction-apparatus  ;  the  gas,  contained  in  Geissler 
tubes  of  different  shapes  and  sizes,  "svas  rarefied  by  means  of  a 
mercury  air-pump.  The  electrodes  were  mostly  composed  of 
aluminium,  but  sometimes  of  other  metals.  The  current  was 
measured  by  a  mirror-galvanometer.  Of  the  results  obtained 
we  shall  mention  only  those  which  have  a  connexion  with  our 
subject. 

Two  cylindrical  tubes,  equal  in  width  and  length,  were  fur- 
nished at  their  extremities  with  electrodes  of  platinum  wire 
of  0"G7  millim.  thickness.  The  electrodes  were  in  part  encom- 
passed with  tubes  of  glass.  The  two  positive  electrodes  had 
each  an  equal  portion  of  the  wire  without  a  glass  covering ; 
but  one  of  the  negative  electrodes  presented  a  free  surface 
3*87  times  as  large  as  that  of  the  other.  The  distance  between 
the  extremities  of  the  electrodes  was  the  same  in  both  tubes. 
The  tubes  therefore  presented  perfect  similarity,  except  that 
the  negative  electrode  of  one  had  a  larger  free  surface.  When 
they  had  both  been  filled  with  hydrogen  and  the  pressure  of 
the  gas  was  lowered  to  1*35  millim.  of  mercury,  they  were 
inserted  side  by  side  in  the  circuit  of  the  induction-apparatus, 
the  current  of  which  traversed  them  simultaneously ;  but  it 
appeared  that  the  current  of  the  tube  whose  negative  electrode 
had  the  largest  free  surface  was,  on  an  average,  4*25  times  as 
intense  as  the  current  of  the  other.  The  intensity  of  the  cur- 
rent was  therefore  not  far  fi'om  proportional  to  the  free  surface 
of  the  neo-ative  electrode.  The  same  result  was  obtained  with 
carbonic  acid  and  with  nitrogen,  as  also  with  aluminium  elec- 
trodes.    Therefore,  all  other  circumstances  remaining  equal, 

*  Pogg,  Ann.  cxxxvi.  pp.  1,  197  (1868),  Jubeib.  p.  430  (1874) ;  Wied. 
Ann.  vii.  p.  553  (1870). 
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when  the  pressure  of  the  gas  is  very  slight  the  resistance  is 
inversely  proportional  to  the  surface  of  the  negative  electrode. 

Two  tubes  of  equal  width,  and  with  equal  electrodes,  between 
the  extremities  of  which  the  distances  were  12  and  146  mil- 
linis.  respectively,  were  filled  with  hydrogen  and  connected, 
side  by  side,  with  the  poles  of  the  induction-apparatus.  The 
current  divided  itself  between  the  two  tubes  ;  and  it  appeared 
that  the  two  portions  continually  approached  nearer  to  equality 
as  the  hydrogen  was  rarefied.  When  the  pressure  had  fiillen 
to  1*85  milliin,,  the  ratio  between  the  intensities  was  1*65;  as 
soon  as  it  had  fallen  to  0'55,  the  two  intensities  became  per- 
fectly equal,  although  the  distance  between  the  extremities  of 
the  electrodes  in  one  of  the  tubes  was  twelve  times  as  great  as 
that  in  the  other.  Therefore  the  resistance  designated  by  7'i 
in  the  foregoing  decreased  with  the  pressure  of  the  gas,  and 
at  a  pressure  of  0'55  millim.  r^l  could  be  neglected  compara- 
tively with  r. 

On  the  other  hand,  other  experiments  proved  that  the  resist- 
ance r  really  increases  as  the  gas  becomes  more  rarefied.  Two 
equal  ellipsoidal  glass  vessels  were  furnished  with  equal  elec- 
trodes of  aluminium,  then  filled  with  hydrogen  at  a  pressure  of 
1"05  millim.,  and  connected,  side  by  side,  with  the  poles  of  an 
induction-apparatus.  The  two  vessels  being  equal,  the  current 
ought  to  have  been  shared  equally  between  them  ;  but  it  was 
found  that,  in  consequence  of  a  slight  difference  between  the 
electrodes,  the  ratio  between  the  respective  resistances  of  the 
two  vessels  was  1*17.  The  pressure  of  the  gas  was  afterwards 
diminished  by  one  half  in  the  vessel  which  had  the  less  resist- 
ance ;  and  now  it  was  ascertained  that  the  resistance  was 
thereby  so  much  increased  that  it  became  2*34  times  as  great 
as  in  the  vessel  in  which  the  pressure  was  not  changed.  Con- 
sequently, if  the  two  vessels  had  had  exactly  the  same  resist- 
ance before  the  reduction  of  the  pressure  in  one  of  them,  the 
resistance  would  have  been  raised  to  2-34  x  1*17  =  2"74.  If  in 
both  vessels  the  pressure  was  0"5  millim,  and  was  afterwards 
reduced  in  one  to  0'25  millim.,  the  resistance  was  thereby 
augmented  in  that  vessel  from  1  to  2*59.  These  experiments 
were  modified  in  different  ways  and  with  different  current- 
intensities;  but  the  result  remained  nearly  the  same. 

The  gas-pressure  in  these  last  experiments  being  only  1'05 
millim,  or  less,  according  to  the  foregoing  r^l  can  be  neglected 
in  comparison  with  r.  These  last  observations  consequently 
prove,  as  we  have  had  cause  to  admit  for  other  reasons  before- 
mentioned,  that  the  resistance  r  increases  as  the  gas  is  rarefied. 
Much  importance  attaches  to  Hittorf 's  observation  that  the 
resistance  r  depends  on  the  material  of  which  the  negative 
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electrode  is  composed.  When  it  was  aluminium,  r  was  at  least 
4  times  less  than  when  the  same  electrode  was  composed  of 
silver  or  of  platinum,  2*5  times  less  than  when  the  consti- 
tuent material  was  zinc.  Aluminium  being,  of  all  metals, 
that  which  suffers  least  from  the  current,  while  the  latter  tears 
silver  and  platinum  without  difficulty,  Hittorf  is  inclined  to 
admit  that  here,  as  in  the  voltaic  arc  and  the  electric  spark,  at 
the  surface  of  the  electrodes  exists  an  electromotive  force 
acting  in  the  opposite  direction  to  the  discharge. 

In  order  to  decide  if  the  diminution  of  what  we  designate 
by  r-J,  proceeds  continuously  with  the  decrease  of  the  gas- 
pressure,  or  if  it  ceases  at  a  certain  degree  of  rarefaction, 
Hittorf  carried  on  the  latter  till  the  pressure  was,  by  calcula- 
tion, only  0"003  millim.  ;  but  to  this  extreme  limit  r-J.  con- 
tinued to  diminish  with  the  pressure.  Detailed  study  of  the 
questions  relative  to  the  foregoing  furnished  to  Hittorf  the 
result  that  there  exists  at  the  negative  electrode  an  altogether 
peculiar  cause  opposing  the  passage  of  the  electric  current 
from  the  gas  to  the  surface  of  the  electrode.  When  the  light 
surrounding  this  electrode  was  explored  with  a  magnet,  it  was 
ascertained  that  the  current  here  passed  from  the  gas  to  the 
electrode. 

In  the  subsequent  researches  which  he  has  published,  Hit- 
torf substituted  for  the  Euhmkorff  induction-apparatus  a  gal- 
vanic battery  of  from  400  to  600  cells.  These  were  composed 
of  carbon,  amalgamated  zinc,  and  a  solution  of  potassium  bi- 
chromate and  sulphuric  acid.  With  the  Holtz  machine  and 
Ruhmkorff  apparatus  the  current  which  passes  through  the 
gas  is  constantly  discontinuous;  with  the  battery,  on  the  con- 
trary, the  current  was  always  continuous  as  soon  as  the  resist- 
ance of  the  rheostat  inserted  in  the  circuit  did  not  exceed  a 
certain  limit.  But  if  the  resistance  was  above  that  limit,  the 
current  of  the  battery  became  discontinuous.  It  was  therefore 
easy  to  give  the  current  those  two  forms  at  pleasure.  Hittorf 
calls  attention  to  the  very  slight  increase  of  temperature  pro- 
duced by  the  current  in  highly  rarefied  air.  When  the  tube 
was  a  little  wider,  a  thin  strip  of  paper  enclosed  in  it  did  not 
show  a  trace  of  carbonization  when  the  current  traversed  it 
producing  an  intense  light.  This  is  in  accordance  with  the 
result  found  by  E.  Wiedemann*,  that  a  rarefied  gas  can  be 
rendered  luminous  by  the  passage  of  the  current,  although  the 
temperature  of  the  gas  may  be  much  below  100°  C.  This  has 
received  further  confirmation  from  the  observations  of  Hassel- 
bergf.     But  while  the  gas  was  so  little  heated  by  the  current, 

*  AVied.  Ann.  vi.  p.  298  (1879). 
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the  negative  electrode  beccame  intensely  incandescent,  thougli 
the  temperature  of  the  positive  electrode  was  much  lower. 
There  must  therefore  be,  at  the  negative  electrode,  some  cause 
opposing  a  considei'able  obstacle  to  the  propagation  of  the  cur- 
rent. Moreover,  on  employing  the  battery  as  the  source  of  elec- 
tricity the  same  phenomena  were  verified  as  when  the  Holtz  ma- 
chine or  the  induction-apparatus  was  employed — namely,  that 
the  tension  necessary  for  the  passage  of  the  current  diminished 
when  the  gas  was  rarefied,  until  the  rarefaction  had  reached  a 
certain  limit,  past  which  that  tension  rapidly  augmented.  In 
a  cylindrical  tube  of  I  centim.  diameter,  and  with  filiform 
electrodes,  the  pressure  of  the  air  or  hydrogen  amounted  to 
0* 7-0*5  millim.  when  the  tension  necessary  for  the  discharge 
was  at  its  minimum.  With  less  than  200  cells  it  was  possible, 
at  the  rarefiiction  mentioned,  to  pass  the  current  through  those 
gases.  The  increase  or  the  decrease  of  the  distance  between 
the  electrodes  had  little  or  no  infiuence  upon  the  number  of 
cells  necessary  for  the  passage  of  the  current. 

§  0. 

It  has,  then,  been  proved  by  direct  observations  that  the 
resistance,  properly  so  called,  in  rarefied  gas,  or  r^,  diminishes 
constantly  with  the  pressure  of  the  gas  till  that  pressure  has 
fallen  to  an  insignificant  fraction  of  a  millimetre,  and  that 
during  that  time  r,  which  represents  the  resistance  undergone 
by  the  current  on  passing  from  the  gas  to  the  solid  electrode, 
constantly  increases  in  value.  The  question  niay  now  be 
stated  thus: — Does  the  known  fiict  that  the  current  is  incapable 
of  traversing  the  Torricellian  vacuum  depend  on  i\,  after  con- 
stantly decreasing  simultaneousl3^  with  the  pressure  of  the 
gas,  suddenly  acquiring  a  very  high  value  when  the  last  mole- 
cules of  gas  are  removed  ?  or  is  it  more  probable  that  the 
resistance  r  upon  the  electrodes  continues  to  increase  ?  Or, 
in  other  terms,  which  of  these  two  magnitudes  is  it  that  in- 
creases when  the  highly-rarefied  gas  passes  to  absolute  vacuum? 
Without  any  doubt  the  correct  assumption  is  that  r  continues 
to  increase  with  the  continuation  of  the  rarefaction,  and,  in 
doing  so,  receives  so  great  an  augmentation  that  the  current 
cannot  circulate.  Only  in  this  manner,  too,  is  it  possible  to 
explain  the  fiict  that,  without  electrodes,  a  current  can  be  called 
forth,  by  induction,  in  a  vacuum  deprived  of  gas,  while  it  is 
impossible  for  a  current  to  pass  there  between  electrodes. 
The  observations  above  related  lead  therefore,  in  my  opinion,  to 
the  remarkable  result  that  vacuum  is  a  conductor  of  electricity/. 

This  at  the  same  time  annihilates  the  difficulty  of  explaining 
how  one  heavenly  body  can  exert  an  electrical  action  upon 
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another,  as  is  the  case,  for  instance,  between  the  sun  and  the 
earth.  The  heavenly  bodies  are  in  this  way  in  a  sphere  of  mutual 
action,  not  only  by  universal  o;ra^■itation  and  by  the  radiation 
of  light  and  heat,  but  also  by  the  electric  force.  If  vacuum 
is  a  good  conductor  of  electricity,  an  electric  motion  arising 
or  disappearing  on  one  heavenly  body,  will  of  necessity  excite, 
by  induction  in  the  vacuum,  an  electric  motion  which  can  be 
propagated  to  any  distance  whatever  in  that  good  conductor, 
and  in  its  turn  call  forth  electrical  phenomena  upon  another 
heavenly  body.  The  inconsistency  with  the  electrical  nature 
of  the  aurora  borealis  which  has  been  supposed  to  be  found  in 
its  altitude,  sometimes  very  great,  above  the  surface  of  the 
earth,  loses  thereby  all  its  importance.  In  the  last  place,  the 
assumption  that  the  presence  of  ordinary  matter  is  necessary 
for  the  propagation  of  an  electric  current  from  one  place  to 
another  to  be  possible  will  have  to  be  abandoned.  If  it  be 
agreed  that  it  is  possible  to  an  electric  motion  to  propagate 
itself  with  the  greatest  facility  in  vacuo,  the  notion  of  conduc- 
tivity will  be  deprived  of  all  physical  meaning.  The  various 
material  bodies  produce  only  a  greater  or  less  resistance  to  the 
propagation  of  electricity ;  their  eifect  in  this  respect  is  not 
active,  but  passive. 


II.  Some  Spiral  Figures  observable  in  Crystals,  illustrating  the 
Relation  of  their  Op)tic  Axes.     By  Lewis  Wright^. 

[Plate  I.] 

^  1  "^HE  true  relation  of  the  optic  axes  in  uniaxial  and  biaxial 
JL  crystals  has  always  been  an  interesting  subject.  We 
know  that  if  the  crystals  be  both  polarized  and  analyzed  cir- 
cularly, and  we  disregard  any  dispersion  of  the  axes  for  various 
colours,  the  axis  of  a  uniaxial  and  07ie  of  the  two  axes  of 
a  biaxial  present  ultimately  similar  phenomena.  Here,  for 
example,  is  the  well  known  system  of  rings  and  brushes  pre- 
sented by  a  plate  of  calcite  (fig.  1).  As  is  well  known,  if 
we  interpose  between  the  polarizer  and  the  crystal  a  quarter- 
wave  plate,  the  black  cross  disappears,  to  be  replaced  by  grey 
nebulous  lines  (fig.  2),  on  alternate  sides  of  which  the  quadrants 
are  dislocated ;  and  if  now  we  interpose  a  second  quarter-wave 
plate  between  the  crystal  and  the  analyzer,  when  the  latter  is 
either  crossed  or  parallel  even  these  lines  disappear,  and  we 
get  simply  a  series  of  circular  rings  with  no  break  whatever 
(fig.  3).     Let  us  now  take  a  plate  of  sugar  cut  across  one  of 

*  Communicated  by  the  Physical  Society,  having  been  read  at  the 
Meeting  on  November  12,  1881 . 
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its  two  optic  axes.  This  crystal  is  suitable  for  our  purpose  as 
having  scarcely  any  axial  dispersion,  so  that  one  of  its  axes 
gives  sensible  circles,  which  many  other  biaxials  do  not. 
Placing  it  in  the  stage,  we  have  a  system  of  rings  traversed 
by-  a  straight  brush  (fig.  4),  which,  on  interposing  the  first 
quarter-wave  plate,  becomes  a  grey  .line,  on  each  side  of  which 
the  semicircles  are  dislocated  (fig.  5)  ;  but  now  interposing 
the  second  quarter-wave  plate,  we  have  perfect  unbroken 
circles  as  before  (fig.  6). 

Now  this  might  seem  to  imply  that  the  optic  axis  of  the 
uniaxial  calcite  resembled  in  its  character  that  of  a  single 
axis  of  the  sugar,  or  biaxial.  It  need  hardly  be  said  hero, 
that  such  was  not  the  view  taken  of  the  matter  by  those  intel- 
lectual giants  who  chiefly  shaped  into  definite  form  the  theory 
of  double  refraction  in  crystals.  Gradually  this  theory  Avas 
simplified,  until  Fresnel  finally  framed  the  conception  of  three 
elasticities  within  the  crystal  in  the  direction  of  three  rectan- 
gular axes.  If  all  three  elasticities  were  equal,  there  was  no 
double  refraction  ;  if  only  two  were  equal,  there  was  a  single 
axis  of  no  double  refraction  in  the  direction  of  the  third  ;  if 
all  were  unequal,  there  were  two  such  optic  axes.  In  any 
conceivable  case  the  wave-surface  could  be  calculated  or  geo- 
metrically projected  upon  this  hypothesis ;  and  it  is  needless 
to  repeat  how,  after  its  author  had  passed  away.  Sir  William 
Hamilton  worked  out  from  his  conceptions  the  remarkable  and 
unforeseen  results  of  conical  and  cvlindrical  refraction  which 
were  experimentally  verified  by  Dr.  Lloyd  (also  removed  from 
us  during  the  past  year).  That  extraordinary  verification  of 
Fresnel's  theory,  which  makes  the  optic  axes  mere  resultants 
of  three  rectangular  elasticities,  has  always  been  considered  to 
have  placed  it  upon  an  inqiregnable  basis,  and  seems  only  to 
have  left  for  future  experiment  the  possibility  of  perhaps  some 
further  illustration,  which  is  the  sole  object  of  this  paper. 

For  observe  that,  according  to  this  theory,  the  optic  axis  of 
our  calcite  would  not  correspond  in  character  with  a  single 
axis  of  the  sugar  or  any  other  biaxial,  but  must  be  regarded 
as  simply  a  limiting  case  in  which  both  such  axes  coincide. 
This  is  well  illustrated  by  the  celebrated  experiments  of  Pro- 
fessor Mitscherlich  in  gradually  applying  heat  to  crystals, 
especially  to  a  crystal  of  selenite,  and  thereby  altering  by  the 
unequal  expansion  their  respective  elasticities. 

Of  the  two  axes  gradually  approaching  till  they  unite  into 
one  as  the  elasticities  are  gradually  equalized,  there  could  be 
no  clearer  proof  than  this  old  experiment.  But  it  seemed 
worth  while  to  seek  further  illustration  of  one  particular  point, 
viz.  that  the  axis  of  the  uniaxial  crystal  did  actually  retain  or 
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embrace  within  itself,  in  some  visible  form,  optical  characte- 
ristics of  the  two  axes  thus  brought,  temporarily  or  perma- 
nently, into  coincidence.  This  object  seemed  most  likely  to 
be  obtained  by  the  aid  of  quartz,  or  some  other  substance  pos- 
sessing similar  properties  of  rotary  polarization.  Such  sub- 
stances having,  apart  from  their  ordinary  doubly-refractive 
effects,  two  different  axial  velocities  or  waves  capable  of  being 
brought  into  interference,  and  the  two  axes  of  a  biaxial  being 
according  to  hypothesis  dissimilar,  one  being  principal  and 
the  other  secondary  to  it,  it  seemed  probable  that  by  proper 
means  the  two  axes  migrht  be  made  to  exert  some  kind  of 
differential  or  selective  action  upon  the  two  sets  of  waves 
passing  through  the  rotary  substance.  I  was  contirmed  in 
this  expectation  by  the  curious  double  spiral,  first  noticed  by 
Sir  George  Airy,  as  displayed  by  quartz  itself  when  subjected 
to  circularly  polarized  light,  the  cause  of  which  appeared  to  me 
to  be  connected  with  this  very  matter,  as  Ave  shall  presently 
see  to  be  the  case.  After  observing  with  more  care  than  usual, 
therefore,  the  effects  of  quartz  in  combination  with  other  crys- 
tals in  various  ways,  most  of  which  have  been  described  by 
various  observers,  I  finally  adopted  the  following  arrange- 
ment : — We  introduce  first,  next  to  the  polarizer,  a  quarter- 
wave  plate,  then  (in  the  convergent  rays)  a  plate  of  calcite, 
and  next  to  this  a  plate  of  quartz  5  to  1\  millim.  thick.  The 
result  of  this  arrangement  is  the  system  of  double  spirals, 
mutually  enwrapping  each  other,  now  on  the  screen  (fig.  7). 
This  figure  only  changes  in  colour,  or  moves  to  or  from 
the  centre,  as  the  analvzer  is  rotated — though  there  are  of 
course  only  certain  complementary  positions  of  the  polarizer, 
related  to  that  of  the  quarter-wave  plate,  which  produce  them. 
The  point  to  be  here  observed  is  the  double  character  of  the 
spiral  in  this  uniaxial  crystal. 

This  figure,  however,  so  closely  resembled  in  all  but  the 
number  of  its  convolutions  the  one  exhibited  by  quartz  alone, 
as  described  by  Sir  George  Airy  in  the  Cambridge  Transac- 
tions for  1831,  that  it  might  possibly  be  due  to  the  quartz 
itself  in  the  convergent  light;  it  w'as  necessary  to  see  if  there 
were  any  differential  results  with  other  crystals,  and,  finally, 
to  see  if  they  remained  when  any  such  possible  cause  for  them 
was  removed.  A  single  axis  of  sugar  was  therefore  next 
placed  in  the  crystal-stage  in  place  of  the  calcite;  and  the 
result  is  again  before  you  (fig.  8).  Observe  that,  with  this 
single  axis  of  a  biaxial,  we  no  longer  have  the  double  spiral, 
but  a  single  one,  corresponding  exactly  to  the  supposed  rela- 
tion of  which  we  are  in  search,  and  also  showing  that  the 
figures  are  not  proper  to  the  quartz  as  such,  but  to  some  selec- 
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tive  action  of  the  axes  of  the  otlier  crystals  upon  the  two  axial 
waves  of  the  quartz  and  their  interferences.  A  single  axis  of 
iron  sulphate,  and  this  crystal,  cut  across  a  single  axis  of  a 
topaz,  gives  similar  single  spirals. 

The  single  axis  being  thus  tested,  we  place  in  the  stage  a 
biaxial  cut  across  both  axes — in  this  case  nitre  (fig.  9).  The 
supposed  relation  still  holds  good :  each  axis  now  has  its  own 
distinct  spiral,  and  the  two  mutually  enwrap  one  another  as  in 
the  calcite. 

The  same  is  true  of  crystals  whose  axes  include  much  wider 
angles;  but  to  show  their  spirals  we  must  alter  our  arrange- 
ments. Extra  convergent  lenses  are  added  in  a  moment;  but 
if  we  placed  a  quartz  plate  in  the  strongly  convergent  light 
we  have  to  em})loy  to  bring  both  axes  of  such  crystals  upon 
the  screen  togther,  the  rings  and  spirals  proper  to  the  quartz 
itself,  which  have  not  appeared  in  the  very  moderate  conver- 
gence so  far  used,  would  now  appear  so  strongly  as  to  over- 
power and  distort  those  due  to  the  crystals  under  examination. 
We  also  want  to  ascertain  beyond  doubt  that  the  effects  are 
not  due  to  any  convergence  of  the  rays  traversing  the  quartz, 
but  solely  to  selective  action  upon  the  right-handed  and  left- 
handed  waves  traversing  it  axially.  We  therefore  reverse  the 
combination,  placing  a  large  plate  of  quartz  about  7^  millim. 
thick  next  to  the  polarizing  Nicol,  in  the  parallel  rays,  and 
removing  the  quarter-wave  plate  to  a  position  between  the 
crystal  to  be  examined  and  the  analyzer.  Of  course,  as  it  is 
now  the  analyzer  which  is  related  in  position  to  the  quarter- 
wave  plate,  the  spirals  only  appear  in  complementary  posi- 
tions; while,  on  the  other  hand,  when  the  analyzer  is  in  those 
positions  the  polarizer  may  be  completely  rotated.  Of  course, 
also,  we  might  have  adopted  this  arrangement  all  along ;  but 
I  have  given  the  experiments  as  they  were  made,  in  order  to 
show  how  each  successive  question  was  determined. 

A  multiplicity  of  crystals  would  be  useless:  three  of  various 
angles  will  show  the  uniformity  and  gradation  of  the  pheno- 
mena. Our  former  crystal  of  topaz  cut  across  one  axis,  being 
thin  enough  also  for  the  more  convergent  arrangement,  will 
show  that  the  single  spiral  appears  precisely  as  before,  the 
convolutions  being  simply  closer  in  this  strongly  convergent 
light.  Next  we  will  take  again  the  small  angle  of  another 
nitre  crystal,  cut  thin  enough  to  show  conspicuous  figures  in 
the  convergent  apparatus  (fig.  10).  Observe  that  we  can 
now  barely  distinguish  its  two  spirals,  by  their  oval  contour, 
from  those  just  now  presented  by  the  calcite:  they  are  a  little 
drawn  out,  as  it  were,  precisely  as  we  should  expect ;  and  that 
is  all ;  otherwise  the  visible  elements  are  manifestly  the  same 
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in  both.  Arragonite  (fig.  11),  with  an  angle  of  18i  degrees, 
shows  a  spiral  of  several  turns  round  each  axis  ;  but  still  they 
finally  enwrap  each  other  :  and  now  mica,  with  an  angle  in 
this  specimen  of  60°  or  70°  (fig.  12)  gives  the  same  pheno- 
mena. With  the  wider  separation  the  spiral  round  each  axis 
has  room  to  show  separately  more  of  the  character  of  the 
single  axis  of  the  sugar;  but  the  two  always  preserve  the  same 
relation,  and  only  crystals  which,  owing  to  very  powerful  dis- 
persion of  their  axes,  fail  to  show  perfect  lemniscates  in  the 
ordinary  way,  fail  for  the  same  reason  to  show  these  figures 
complete.  Here,  for  instance,  is  a  plate  of  borax,  whose  axial 
dispersion  is  considerable  and  peculiar;  but  as  this  still  leaves 
the  ordinary  lemniscate  curves  tolerably  unbroken,  we  can 
trace  the  spirals  without  difficulty. 

That  these  figures  are  solely  due  to  differential  action  upon 
the  interferences  of  the  quartz  rotational  colours,  we  shall  de- 
monstrate absolutely  in  a  few  minutes  ;  meantime  we  can 
almost  prove  it  in  two  ways.  First,  though  all  the  arrange- 
ments remain  complete,  the  spirals  disappear  or  lose  their  cha- 
racter in  monochromatic  light ;  and,  secondly,  substituting  a 
quartz  of  opposite  rotation,  the  direction  of  the  spirals  is,  as 
you  see,  reversed. 

And  now  we  will  project  the  beautiful  experiment  of  Prof. 
Mitscherlich,  afterwards  applying  to  it  this  additional  method 
of  analysis.  There  are  the  two  axes  arranged  vertically  ;  as 
we  apply  heat  they  gradually  unite.  The  crystal  is  now  uni- 
axial. And  now  the  axes  open  out  again,  but  horizontally. 
It  is  a  beautiful  demonstration,  which  never  loses  its  fascina- 
tion for  the  student.  We  now  add  our  arrangements  for  the 
spirals.  There  they  are,  arranged  perpendicularly  on  the 
screen.  They  approach  as  the  crystal  is  heated,  till  now  we 
have  them  as  in  the  calcite.  Now  they  open  out  again  in  a 
horizontal  direction,  like  those  of  a  plate  of  nitre  turned  round 
90°  in  its  own  plane.  Observe  that  all  through  we  have  the 
double  spiral.  AV"e  can  only  get  a  single  one  by  taking  a  single 
axis ;  while  the  axis  of  a  uniaxial  always  preserves  what  we 
may  call  its  "  twin "  character.  Thus  we  have  the  ocular 
illustration  sought  at  the  commencement,  of  the  precise  rela- 
tion predicated  by  Fresnel's  theory  between  the  axes  of  uni- 
axial and  biaxial  crystals,  and  that  the  former  class  do  con- 
tain, within  their  single  axis,  elements  (capable  of  being  made 
optically  visible)  of  both  the  axes  in  the  latter  class. 

We  have  here  also  objectively  demonstrated  the  reason  of 
the  double  spiral,  first  observed  by  Mr.  Airy,  in  quartz  itself. 
We  see  that  the  quartz,  considered  as  an  ordinary  uniaxial 
crystal,  owing  to  its  peculiar  effects  upon  plane-polarized  light 
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passing  through  it  axially,  is  able  to  shoio  its  oum  spirals, 
which  of  course  are  double.  They  are  not  seen  at  all  in  par- 
allel light ;  and,  on  the  other  hand,  if  we  increase  the  rings 
by  convergence,  the  spirals  become  more  definite.  Here, 
for  instance,  is  a  rather  thin  quartz  (one  of  a  pair  generally 
used  to  show  Airy's  spirals)  :  in  this  strongly-convergent 
circularly  polarized  light,  it  shows  spirals  as  well  defined  as  did 
our  calcite.  A  crucial  test  of  this  view  readily  suggests  itself. 
If  it  be  well  founded,  obviously  we  can  combine  tlie  two  pro- 
perties of  our  quartz  artificially,  as  it  were,  since  many  fiuids 
possess  the  same  power  of  dividing  into  two  opposite  circular 
waves,  differently  retarded,  a  plane-polarized  ray.  If  there- 
fore we  take  a  column  of  such  fluid  of  sufiicient  length,  and 
any  ordinary  uniaxial  crystal,  the  one  will  represent  the  pecu- 
liar axial  properties,  and  the  other  the  ordinary  doubly- 
refractive  properties  of  the  quartz  ;  and  the  two  ought  to  give 
similar  double  spirals.  In  fact  an  adequate  column  of  fluid 
ought  to  replace  the  quartz  successfully  in  all  the  foregoin<r 
experiments.  Our  last  step,  therefore,  is  to  prove  that  this  is 
the  case.  I  have  here  a  tube  of  oil  of  lemons  200  millimetres 
(8  inches)  in  length,  which  we  introduce  into  the  parallel- 
plane-polarized  beam  in  place  of  the  quartz,  whose  axial  pro- 
perties it  now  represents.  In  the  crystal-stage  we  adjust  the 
calcite,  which  in  all  except  being  a  negative  crystal  (and  a 
positive  one  would  be  just  the  same)  represents  the  ordinary 
doubly-refractive  properties.  And  now  introducing  the 
quarter-wave  plate  between  crystal  and  analyzer,  we  have  the 
spirals  as  given  by  the  quartz  in  all  respects.  The  same 
efiects  are  produced  by  other  crystals,  any  slight  inferiority 
being  due  to  the  slightly  yellowish  tint  of  the  fluid,  which  so 
far  approximates  to  homogeneous  light.  Spirit  of  turpentine 
is  free  from  this  defect ;  but  we  could  hardly  project  through  a 
tube  of  sufficient  length. 

These  phenomena  hold  good  through  all  the  ordinary  analo- 
gies with,  or  substitutes  for,  natural  crystals.  This  round  disk 
of  chilled  glass,  placed  in  parallel  light,  which  behaves  in  all 
other  respects  like  a  crystal  in  convergent  light,  also  gives 
double  spirals  like  those  of  the  calcite.  I  have  here  also  an 
artificial  uniaxial  crystal  formed  of  crossed  mica-films,  after 
Norremberg,  and  an  artificial  quartz  of  mica-films,  after 
Eeusch,  for  both  of  which  I  am  indebted  to  my  kind  friend 
Mr.  Fox,  who  made  them  with  his  own  hands.  The  first 
gives  the  calcite  spirals  with  a  quarter-wave  plate  and  quartz ; 
the  Reusch  preparation  gives  the  quartz  spirals  wdth  the 
quarter-wave  plate  alone. 

These  experiments  of  course  add  nothing  to  the  theory  of 
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the  matter,  and  make  no  sucli  pretension;  their  whole  interest 
lies  in  the  visible,  ocular  demonstration  they  afford  of  the 
truth  of  conclusions  long  ago  ^yorked  out  by  the  brilliant 
mathematical  genius  of  Fresnel.  But  to  the  best  of  my 
belief  they  are  new;  and  if  it  should  prove  that  some  other 
student  has  been  before  me,  T  hope  the  beauty  of  the  pheno- 
mena may  excuse  my  bringing  them  before  you. 


III.  On  the  Connexion  heticeen  the  Atomic  Weight  and  the  Che- 
mical and  Physical  Properties  of  Elements.     By  Thomas 

Batley*. 

[Plate  II.] 

WHEN  we  arrange  the  elements  in  the  order  of  the  atomic 
weiofhts,  hvdroHon  of  course  comes  first.  After  this 
there  is  a  considerable,  interval,  corresponding  to  an  increase 
of  six  in  the  atomic  weight,  before  the  next  element,  which  is 
lithium.  After  lithium  the  elements  follow  in  this  order, — 
beryllium,  boron,  carbon,  nitrogen,  oxj-gen,  fluorine — the  rise 
in  atomic  weight  between  each  being  on  an  average  about 
two.  The  next  element  is  sodium,  with  the  atomic  weight  23; 
and  after  sodium  come  magnesium,  aluminium,  silicon,  phos- 
phorus, sulphur,  chlorine — the  average  rise  in  atomic  weight 
beino-  again  about  two.  If  we  stay  to  consider  the  properties 
of  the  elements  we  have  so  placed  in  sequence,  our  attention 
is  soon  arrested  by  some  curious  circumstances.  Excepting 
hydrogen,  separated  as  it  is  by  so  great  an  interval  from  all 
other  elements,  lithium  is  the  first.  Lithiitm  is  a  metal  of 
the  alkalies,  which  is  only  another  way  of  saying  that  it  has 
properties  exceedingl}'-  like  those  of  the  well-known  metals 
potassium  and  sodium.  It  is  metallic,  strongly  electropositive, 
and  chemically  active,  and  of  low  specific  gravity ;  it  forms 
an  oxide  and  salts  which  are  soluble  in  water,  and  formed  by 
the  union  of  the  metal  with  the  smallest  proportions  of  ox^-gen, 
chlorine,  or  other  negative  radical,  simple  or  compound,  that 
are  found  to  be  capable  of  reacting  chemically.  The  next 
element  (beryllium),  although  its  atomic  weight  is  greater 
than  that  of  lithium  only  by  two,  has  very  different  properties. 
It  is  metallic,  electropositive,  and  chemically  active ;  but  its 
oxide  is  insoluble  in  water,  and  the  metal  unites  with  two 
atoms  of  chlorine  or  bromine  to  form  its  halogen  compounds 
instead  of  with  one.  The  succeeding  elements  have  no  longer 
the  metallic  character,  which,  however,  has  not  quite  disap- 
peared in  the  case  of  boron,  the  next  in  succession.     Carbon 

*  Coinmimicated  by  the  Author. 
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is  non-metallic,  very  stable  under  ordinary  conditions,  and  its 
atom-fixing  power  is  four.  Oxj-gen  is  gaseous,  chemically 
active, but  electronegative,  and  its  atomicity  is  two.  Fluorine 
is  in  all  probability  gaseous;  it  is  chemically  active,  so  much 
so  that  it  has  never  been  isolated,  powerfully  electronegative; 
and  its  atomicity  is  one.  At  this  point  the  character  of  the 
elements  suffers  an  abrupt  change;  and  the  next  element 
(sodium)  is  a  metal  of  the  alkalies,  and  almost  exactly  repeats 
the  properties  of  lithium.  After  sodium,  as  after  lithium, 
come  six  elements,  at  small  intervals  of  atomic  weight ;  and 
they  repeat  the  changes  and  transitions  that  take  place  in  the 
elements  succeeding  lithium.  There  is,  first,  magnesium,  a 
metal  of  the  alkalhie  earths;  and  then  an  earth-metal  (alumi- 
nium), triad  like  boron.  Next  comes  silicon,  analogous  in  so 
many  respects  to  carbon,  being  neither  strongly  electropositive 
nor  strongly  electronegative,  and  having  also  an  atomicity  of 
four.  Then  comes  sulphur,  electronegative,  but  less  so  than 
oxygen,  but  with  analogous  properties  in  many  respects. 
Chlorine  (gaseous,  electronegative,  and  a  monad)  is  like  fluo- 
rine repeated  in  a  modified  form ;  and  then  again  comes  an 
abrupt  change,  and  an  alkali  metal  (potassium)  succeeds. 
Thus  M'e  recognize  a  periodicity  in  atomic  functions  corre- 
sponding to  intervals  of  seven  elements,  and  to  increase  of 
sixteen  in  atomic  Aveight. 

Potassium  and  the  six  succeeding  elements  form  another 
period,  but  repeat  less  distinctly  the  typical  characters  of  the 
first  periods.  There  is  the  same  transition  from  alkali  metal 
to  alkaline-earth  metal  (calcium),  from  low  to  high  atomicity; 
and  from  highly  positive  elements  to  the  elements  chromium 
and  manganese,  which,  although  possessed  of  basylous  pro- 
perties, have  also  well-marked  chlorous  characteristics.  But 
it  is  evident  that  potassium  and  the  six  elements  in  succession 
fail  to  repeat  the  full  periodic  change  from  alkali  metal  to 
alkali  metal ;  there  is  not  the  complete  transition  from  posi- 
tive to  negative,  and  again  to  positive  ;  nor  from  low  atomi- 
city to  high,  and  again  to  low.  The  three  elements  succeeding 
to  manganese  form  with  it  and  with  copper,  which  they  serve 
to  link  together,  the  iron  group,  which  exhibits  within  itself 
so  many  interesting  relations  of  resemblance  and  difference. 
Copper  has  long  been  held  to  have  strong  affinities  with 
sodium;  and  it  is  similar,  among  other  things,  in  being  the 
first  of  a  series  of  seven  exhibiting  the  periodic  change.  For 
although  copper  is  not  a  monad,  like  sodium,  the  atomicity 
has  fallen  rapidly  from  manganese  ;  and  although  it  is  not 
intensely  active,  like  sodium,  it  is  metallic  and  electropositive, 
and  has  no  symptoms  of  chlorosity.     Zinc,  the  next  element, 
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has  analogies  with  magnesium,  and  the  newly-discovered  gal- 
lium with  aluminium  ;  after  gallium   the  metallic  tendency 
grows  weaker  and  the  atomicity  higher,  in  arsenic;  and  the 
negative   monad   type    culminates    once   more    in    bromine. 
Again  there  is  a  break,  followed  by  a  metal  of  the  alkalies — 
rubidium.     We   thus   recognize   the   completion    of  the   full 
period;  but  it  is  double,  and  consists  (if  we  omit  the  interme- 
diate elements  iron,  cobalt,  and  nickel)  of  two  series  of  seven. 
The  increment  from  lithium  to  sodium  and  from  sodium  to 
potassium   was   sixteen  ;    the  increment   from    potassium  to 
rubidium   is   approximately  three   times    sixteen — viz.  4G"4. 
From  rubidium  to  the  next  alkali  metal  (caesium)  the  incre- 
ment is  47'5 — almost  the  same  as  46*4  ;  and  the  intermediate 
elements  form  a  cycle  parallel  in  a  remarkable  manner  ■with 
the  cycle  from  potassium  to  rubidium.     Each  of  these  twin 
cycles  is  double,  consisting  of  two  series  of  seven  united  by 
an  intermediate  group,  consisting  in  the  second  case  of  palla- 
dium, rhodium,  and  ruthenium.     The  element  silver,  at  the 
head  of  the  second  series  of  the   fourth  cycle,  has  long  been 
classified  with  copper,  and  cadmium  with  zinc;  and  the  resem- 
blances between  antimony  and  arsenic,  between  tellurium  and 
selenium,  and  between  bromine  and  iodine,  are  among  the  best- 
known  facts  in  chemistry. 

There  is  no  alkali  metal  known  of  hioher  atomic  weight 
than  cjesium ;  but  there  is  strong  evidence  that,  just  as  the 
third  and  fourth  cycles  succeed  the  first  and  second,  and  cor- 
respond to  increment  of  atomic  weight  three  times  as  great, 
so  the  third  and  fourth  cycles  are  succeeded  at  any  rate  by  a 
fifth,  with  increment  of  atomic  weight  again  three  times  as 
great.  The  fifth  cycle  is  incomplete,  as  indeed  are  the  third 
and  fourth  in  a  few  members;  but  it  seems  to  consist  of  four 
series  of  seven,  united  two  to  two  by  the  metals  osmium,  iri- 
dium, and  platinum,  which  closely  resemble  palladium,  rhodium, 
and  ruthenium. 

It  will  be  seen  that,  while  the  cvclic  chano-e  retains  its  cha- 
racteristics  unimpaired  from  the  lowest  to  the  highest  known 
atomic  weight,  the  series,  which  in  its  early  form  is  cyclic,  loses 
its  prominent  features  as  the  atomic  weight  progresses.  But 
besides  the  natural  classification  into  cycles  and  series,  the 
elements  are  capable  of  another  mode  of  grouping.  Certain 
elements  have  long  been  seen  to  have  strong  points  of  resem- 
blance and  analogy,  and  have  therefore  been  grouped  into 
natural  families.  The  alkali  metals,  the  metals  of  the  alkaline 
earths,  and  the  halogens,  are  the  best  examples  of  family 
groups.  A  moment's  consideration  of  these  t^'pical  examples 
will  show  that  families  consist  of  elements  which  have  coi're- 
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spending  positions  in  tlio  ascending  series :  thus  the  alkali 
metals  are  the  first  members  of  certain  series,  the  alkaline- 
earth  metals  are  the  second,  and  the  halogens  the  sixth 
members. 

The  systematic  grouping  into  families,  in  accordance  with 
this  conception,  is  shown  in  the  table  (Plate  II.  fig.  1),  and 
will  be  seen  to  be  similar  to,  but  not  identical  with,  Men- 
delejeff's  classification. 

Family  relationships  between  elements  may  be  of  two  orders 
of  intimacy.  The  halogen  group,  the  group  of  the  alkalies 
and  of  the  alkaline  earths,  are  among  the  best  examples  of 
complete  family  resemblance  ;  but  there  are  other  groups  of 
elements  usually  arranged  in  families  which  have  a  certain 
number  of  points  of  resemblance,  and  yet  differ  in  many  im- 
portant respects.  For  instance,  there  is  the  group  consisting 
of  hydrogen,  lithium,  sodium,  copper,  silver,  and  gold  ;  the 
group  comprising  beryllium,  magnesium,  zinc,  cadmium,  and 
mercury;  the  group  carbon,  silicon,  tin,  and  lead;  and  the 
group  nitrogen,  phosphorus,  arsenic,  antimony,  and  bismuth. 
It  is  evident  that  in  these  cases  there  is  less  complete  resem- 
blance between  the  various  members  of  the  familv,  than  exists 
in  the  case  of  the  halogens  and  the  other  aforesaid  perfect 
families.  A  little  consideration  will  show  that  the  resem- 
blances between  some  of  the  members  of  these  imperfect  sub- 
families, as  they  may  be  termed,  are  often  merely  structural 
resemblances  of  the  various  compounds  formed.  For  example, 
the  lower  chlorides  of  the  subtamily  sodium,  copper,  silver, 
and  gold  have  little  more  in  common  than  the  fact  that  the 
metal  in  each  case  is  monad,  and  united  to  one  equivalent 
of  chlorine ;  while  the  chlorides  of  the  family  of  elements 
lithium,  sodium,  potassium,  rubidium,  ctesium,  have  this  fea- 
ture in  common,  as  well  as  many  others  nhich  are  not  common 
to  all  the  members  of  the  subfamily — as,  for  example,  solu- 
bility in  water,  and  stability  under  great  variety  of  conditions. 
In  short,  we  may  say  that  the  members  of  a  natural  family  of 
elements  resemble  one  another  in  most  physical  and  chemical 
characteristics  ;  while  the  members  of  a  subfamily  chiefly 
resemble  the  members  of  the  family  in  atomicity,  which 
accounts  for  the  similar  structure  of  their  compounds.  But 
the  atomicity  of  an  element  seems  to  depend  ahnost  entirely 
upon  position  in  the  primar}^  septenary  series  ;  and,  upon 
inquiry,  we  find  that  in  all  cases  families  and  their  collateral 
subfamilies  are  alike  in  this  respect.  It  may  be  thought  that 
too  much  stress  should  not  be  laid  upon  atomicity,  a  concep- 
tion coming  of. late  to  be  thought  less  rigidly  applicable  by 
chemists.     But  we  here  employ  the  notion  of  atomicity  under 
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circumstances  that  admit  of  comparison  under  equal  condi- 
tions. Thus  we  do  not  compare  the  highest  atomicity  of  an 
element  with  the  highest  atomicity  of  another  element,  or 
their  atomicities  in  diflterent  compounds  and  under  widely 
different  conditions;  but  we  compare  the  atomicity  of  the  two 
elements  in  those  cases  where  they  are  united  to  the  same 
elements — that  is,  if  they  are  of  similar  character.  And  we 
generally  compare  them  in  those  compounds  in  which  the  two 
constituents  are  of  oppositive  properties  (positive  and  nega- 
tive) and  have  most  completely  balanced  each  other's  affi- 
nities. And  if  we  take  this  last  consideration  always  into 
account,  it  sometimes  follows  that  the  subfamilies  are  found  to 
have,  besides  their  resemblances,  important  structural  differ- 
ences, in  which  case  the  family  relationship  may  be  considered 
almost  to  disappear.  The  sodium,  copper,  and  silver  group, 
in  this  way  considered,  betray,  besides  the  structural  resem- 
blances of  their  lower  (proto)chlorides,  oxides,  &c.,  mox'e  im- 
portant differences  in  their  normal  (that  is,  most  stable  and 
evenly  balanced)  compounds.  It  may  be  said  that,  as  the 
atomic  weight  increases  and  the  cycles  become  of  greater 
magnitude,  natural  families  differentiate,  splitting  first  into 
two  and  then  into  four  branches,  the  divergence  in  properties 
each  time  becoming  greater  and  the  resemblances  less  distinct. 
But  in  each  family  there  is  one  branch  which  preserves  unim- 
paired the  original  main  characteristics  of  the  family. 

We  may  now  consider  what  are  the  causes  of  this  last  phe- 
nomenon, this  maintenance  of  the  original  conditions  by  one 
branch  of  a  family  ;  but  before  doing  so,  we  may  indicate 
some  circumstances  that  are  very  probably  connected  with  the 
smaller  differences  between  the  members  of  a  family  or  sub- 
family of  elements.  We  refer  to  the  proportional  position  of 
the  elements  in  the  series,  or,  in  other  words,  to  the  intervals 
of  atomic  weight  at  which  the  elements  of  each  series  occur. 
Thus,  if  we  represent  increment  of  atomic  weight  in  each 
series  by  a  line,  we  shall  find  that  the  lines  representing  the 
various  series  are  not  proportionally  divided,  analogous  ele- 
ments occurring  at  unequal  distances  from  the  commencement 
of  the  line,  and  the  spaces  between  pairs  of  analogous  elements 
being  disproportionate.  These  circumstances,  it  is  conceivable, 
may  be  connected  with  irregularities  in  the  properties  of  the 
most  closely  allied  elements. 

Passing  on  to  consider  the  conditions  that  are  associated 
with  and,  it  may  be,  cause  the  resemblances  between  the 
members  of  the  main  branch  of  a  family,  we  notice  that  they 
are  all  similarly  situated  in  the  cycle.  We  may,  lor  conveni- 
ence, distinguish  the  cycles,  the  series,  and  their  individual 
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members  by  letters  and  numbers  in  some  sucb  way  as  the  fol- 


lowing:— 
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(z  indicates  the  intermediate  groups.) 

According  to  this  system,  the  main  family  of  the  alkaline 
groujD  is  I.  a  1,  11.  a  1,  III.  a  1,  IT.  a  1,  V.  a  1 ;  and  with  this 
are  connected  the  various  members  of  the  group  as  follows  : — 
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By  this  method  each  element,  whether  known  or  unknown, 
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is  represented  by  a  symbol  expressing  its  position  as  regards 
other  elements  and  its  relations  to  them,  whether  axial  as 
among  the  members  of  a  family,  or  lateral  as  between  adjacent 
elements  in  a  series  or  cycle.  Up  to  the  present  we  have 
recognized  the  following  circumstances  to  be  connected  with 
the  properties  of  an  element: — 

{a)  Position  of  sequence  in  the  series, 
(Jb)  Proportionate  position  in  the  series, 
(c)  Position  in  the  cycle; 

and  we  have  seen  that  elements  having  the  closest  family 
resemblances  are  most  alike  in  respect  of  the  first  and  last  of 
these,  and  most  probably  in  all. 

Accompanying  the  periodic  variations  in  the  chemical  pro- 
perties of  the  elements  by  means  of  which  they  have  been  so  far 
systematically  classified,  are  variations  in  their  physical  proper- 
ties synonymous  with  the  chemical  variations,  and  so  closely 
coordinated  therewith  as  almost  irresistibly  to  urge  the  con- 
viction that  the  two  sets  of  phenomena  (the  physical  and  the 
chemical)  are  intrinsically  due  to  the  same  ulterior  causes,  or 
stand  in  the  sequence  of  cause  and  effect. 

The  diagram,  PI.  II.  fig.  2,  Avhich  is  in  some  respects  the 
same  as  those  published  by  L.  Meyer  in  Die  moderne  Theorien 
der  Chernie,  has  been  constructed  for  me  by  my  friend  Mr. 
Worrall :  along  the  horizontal  line  as  ordinate  the  elements 
are  set  out,  according  to  scale,  in  the  order  of  atomic  weights; 
and  the  various  curves  are  formed  by  joining  points  in  the 
abscissffi  corresponding  to  each  element.  The  main  curve  on 
the  diagram  thus  corresponds  to  the  atomic  volumes  of  the 
elements,  obtained  by  dividing  the  atomic  weight  by  the  den- 
sity when  known.  In  cases  where  the  density  is  not  known 
the  element  has  been  simply  passed  by,  a  straight  line  being 
draw^n  from  the  preceding  to  the  succeeding  element,  or  from 
the  nearest  preceding  to  the  nearest  succeeding  element  of 
knowni  atomic  volume.  The  effect  of  this  is  somewhat  to 
obscure  the  resemblance  in  form  between  the  portions  of  the 
curve  corresponding  to  the  cycles ;  but  it  has  the  advantage 
of  making  the  diagram  entirely  a  record  of  known  facts.  The 
line  of  atomic  volume  is  well  worthy  of  attentive  study,  which 
will  reveal  better  than  any  array  of  words  the  singular  resem- 
blances and  points  almost  of  identity  in  atomic  volume  between 
elements  resembling  each  other  quite  as  closely  in  chemical 
properties.  It  will  be  seen  how  the  alkali  metals  in  every 
case  have  the  highest  atomic  volume,  and  how  the  metals  with 
the  lowest  atomic  volumes  (those  occupying  the  troughs  of  the 
curves)  are  metals  with  comparatively   small   affinities   for 
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oxygen,  including  the  iron-copper  group,  the  platinoid  groups, 
and  all  the  noble  and  semi-noble  metals.  Thus  the  easily  oxi- 
dizable  metals  are  those  which  have  their  atoms  exposed  at 
large  intervals;  the  semi-noble  metals  those  which  have  atoms 
of  medium  weight  at  small  intervals;  and  the  noble  metals 
those  which  have  heavy  atoms  at  small  intervals.  The  last 
may  be  compared  to  a  Macedonian  phalanx  of  large  men  with 
shields  interlocked;  the  semi-noble  metals  to  a  phalanx  of 
smaller  men;  and  the  alkali  and  alkaline-earth  metals  to  com- 
panies of  small  men  in  skirmishing  order.  The  melting-points 
of  the  elements  are  no  less  closely  associated  with  the  periodic 
variations  of  chemical  properties  than  are  the  atomic  volumes. 
A  glance  at  the  line  of  melting-points  (at  the  top  of  the  figure) 
shows  the  closeness  of  the  connexion.  The  alkali  metals  have 
in  every  case  low  melting-points  ;  the  alkaline-earth  metals 
melt  at  considerably  higher  temperatures  ;  and  the  melting- 
point  rises  still  higher  in  the  metals  of  the  earths,  until  it  cul- 
minates in  those  metals  which  occupy  the  intermediate  posi- 
tion in  the  cycle  and  have  low  atomic  volumes.  High  melt- 
ing-point, however,  is  not  always  associated  with  low  atomic 
volume  ;  and  it  is  curious  how,  in  the  second,  third,  fourth, 
and  fifth  cycles,  the  curve  of  melting-points,  after  attaining 
its  maximum  in  silicon  in  the  iron  group  and  in  the  two  groups 
of  the  platinoid  metals,  suddenly  falls,  until  the  melting-point 
again  becomes  very  low,  the  minimum  being  within  the  region 
of  moderately  low  volume  (about  15).  This  depression  is  suc- 
ceeded by  a  moderate  rise;  and  then  the  melting-point  falls  to 
the  alkali-metal  standard. 

The  low  melting-point  of  gallium  has  been  considered  to  be 
one  of  the  facts  which  could  not  have  been  anticipated  by  the 
light  of  Mendelejeff's  conception;  and  the  Russian  chemist, 
who  apparently  occupied  himself  more  systematically  with 
chemical  than  with  physical  considerations,  does  not  seem  to 
have  assigned  a  low^  melting-point  to  ekaluminium,  although 
he  has  subsequently  somewhat  empirically  attempted  to  assi- 
milate the  fact  into  his  system.  But  gallium,  in  having  a  low 
melting-point  accords  perfectly  with  its  atomic  weight  and 
density  and  properties  in  general ;  it  occupies,  in  fact,  the 
minimum  that  immediately  succeeds  the  maximum  of  melting- 
point,  and  is  analogous  to  (nitrogen)  phosphorus,  indium, 
and  mercury  in  this  respect. 

The  magnetic  properties  of  the  elements  have  been  shown 
by  Carnelley  to  follow  the  periodic  variations  (Chem.  News, 
vol.  xl.  no.  1038);  and  he  has  stated  the  law  in  the  following 
manner : — "  Those  elements  belonging  to  the  even  series  of 
Mendelejeff's  classification  are  always  paramagnetic,  whereas 
Phil  Mag.  S.  5.  Vol.  13.  No.  78."  Jan.  1882.  D 
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the  elements  belonging  to  the  odd  series  are  always  diamag- 
netic."  This  supposition  is  evidently  true  in  the  first  four 
cycles,  as  far  as  the  present  state  of  knowledge  enables  us  to 
verify  it.  Thus  the  first  cycle  is  paramagnetic,  and  the  second 
diamagnetic.  The  first  half  of  the  third  cycle  is  paramagnetic 
and  the  second  half  diamagnetic;  and  this  is  the  situation  in 
the  fourth  cycle  also.  But  if  the  fith  cycle  contains  four  periods 
of  seven  elements,  excluding  platinum,  iridium,  and  osmium, 
and  we  know  the  first  four  cycles  are  strictly  septenary,  then 
the  series  containing  gold,  mercury,  thallium,  lead,  and  bis- 
muth is  an  oven  series;  and  yet  these  are  diamagnetic  elements. 
This  and  other  considerations  lead  to  the  modification  of  the 
law  expressing  the  magnetic  relations.  The  first  cycle  (a 
simple  cycle  of  seven  elements)  is  paramagnetic ;  the  second 
cycle,  also  simple,  is  diamagnetic ;  after  this,  in  the  complex 
cycles,  the  first  half  is  paramagnetic  and  the  second  diamag- 
netic. The  fifth  cycle  is  incompletely  known  at  present ;  but 
if  subsequent  research  shows  the  first  half  to  be  paramagnetic 
and  the  second  half  diamagnetic,  it  will  justify  the  system 
of  semicycles  at  the  expense  of  the  system  of  odd  and  even 
elements  of  Mendelejeff. 

The  property  possessed  by  certain  metals  of  giving  coloured 
solutions  when  associated  as  bases  with  colourless  acids  is 
strictly  periodic;  and  the  law  may  be  stated  as  follows: — The 
metals  in  the  first  and  second  cycles  form  no  coloured  solu- 
tions; in  succeeding  cycles  the  metals  occupying  the  position 
of  lowest  atomic  volume  and  the  elements  immediately  suc- 
ceeding them  form  coloured  solutions.  Thus  in  the  third 
cycle  the  metals  from  titanium  to  copper,  in  the  fourth  cycle 
the  metals  from  niobium  to  palladium,  and  in  the  fifth  cycle 
the  platinum  group  gold  and  tungsten  have  this  property. 
It  is  interesting  to  observe  how  the  power  of  forming  coloured 
solutions  ceases  abruptly  in  the  same  region  of  each  complex 
cycle — in  the  third  cycle  after  copper,  in  the  fourth  after  palla- 
dium, and  in  the  fifth  after  gold.  To  be  consistent,  silver 
should  form  coloured  solutions ;  but  its  solutions  are  not 
coloured,  and  it  is  not  itself  a  coloured  metal.  Possibly  its 
solutions  are  colourless  because  they  correspond  to  an  oxide 
of  the  form  R'2  0,  just  as  the  salts  of  copper  corresponding  to 
Cu2  0  are  generally,  but  not  always,  colourless.  If  this  is  so, 
salts  of  silver  corresponding  to  AgO,  whenever  they  are  dis- 
covered, may  have  coloured  solutions. 

There  is  one  other  circumstance  with  regard  to  the  position 
of  lowest  atomic  volume  worthy  of  notice;  it  is  the  follow- 
ing:— The  increments  of  atomic  weight  which,  starting  from 
hydrogen,  successively  give  the  point  where  the  atomic  volume 
is  a  minimum,  are  members  of  the  geometric  series 
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a,     axb,     ax  h'\     axP,     ax  6*, 
where  a  =10  and  b  =  l'67, 

—  10 
~   6  • 

The  increments  are 

10,  16-5,     27-9,       46-6,       77-8; 

and  the  corresponding  atomic  weights, 

11,  27-5,     55-4,     102-0,     179-8. 

Enough  has  now  been  said  to  indicate  the  close  connexion 
between  the  physical  properties  of  elements  and  the  periodic 
variation;  and  it  has  been  shown  that  in  the  majority  of  in- 
stances the  density,  the  melting-point,  (the  expansion  for  heat,) 
the  magnetism,  and  the  behaviour  of  the  solution  to  trans- 
mitted light  have  definite  relations  to  the  atomic  weight. 
This  beino;  so,  and  it  beincj  well  known  that  certain  other 
physical  properties  of  substances  closely  associated  with  atomic 
weight  (for  instance,  vapour-density,  isomorphism,  and  spe- 
cific heat)  are  extensively  used  to  decide  which  of  the  powers 
of  the  equivalent  of  an  element  is  the  weight  of  its  atom,  it 
may  be  worth  while  to  ask  whether  the  general  physical  pro- 
perties of  an  element,  and  not  only  certain  isolated  ones,  should 
not  be  called  in  to  decide  the  all-important  question  of  atomic 
weight.  A  crucial  test  of  the  value  of  this  method  is  afforded 
by  uranium.  This  element  has  the  equivalent  60;  and  its 
atomic  weight  was,  until  lately,  taken  as  120.  But  Mendele- 
jeff,  for  reasons  which  he  states  fully,  has  assigned  to  it  the 
atomic  Aveight  240.  Our  knowledge  of  uranium  and  its  com- 
pounds is  largely  due  to  Peligot ;  and  he  and  others  have 
established  the  foUowino-  facts  regardino-  it: — 
It  has  high  density,  18*4. 
It  melts  only  at  the  heat  of  a  wind-furnace. 
It  forms  strongly  coloured  solutions,  and,  according  to 
Verdet,  it  is  magnetic. 

If  the  atomic  weight  of  uranium  is  120,  it  comes  where 
there  is  no  place  for  it,  between  tin  and  antimony;  for  its 
volume  is  6*5,  while  the  volume  of  tin  is  16*1  and  that  of 
antimony  18*2;  it  has  high  melting-point,  while  they  melt  at 
comparatively  low  temperatures;  and  it  forms  coloured  solu- 
tions, while  their  solutions  are  colourless.  In  the  same  way, 
if  the  atomic  weight  of  uranium  is  240,  the  volume  is  13  in- 
stead of  about  30;  and  it  occupies  the  region  of  the  fifth  cycle 
beyond  bismuth,  where,  unless  all  analogy  fails,  we  should 
not  expect  to  find  a  metal  with  very  high  melting-point  and 
coloured  solutions.  But  if  the  atomic  weioht  of  uranium  be 
180,  it  conforms  with  the  known  properties  of  the  element. 
The  atomic  volume  is  then  10,  and  the  element  takes  its  place 
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near  tungsten  and  the  platinum  group,  in  the  region  of  high 
melting-point,  low  atomic  volume,  and  coloured  solutions. 

The  facts  known  about  the  specific  heat  of  uranium  are,  as 
far  as  they  go,  compatible  with  the  atomic  weight  180.  The 
specific  heat  of  metallic  uranium  has  not  been  determined;  but 
the  specific  heat  of  the  lowest  oxide  Ur2  O3  (Ur=180)  was 
found  by  Regnault  to  be  •0619.  The  product  of  the  specific 
heat  of  this  oxide  and  the  molecular  weight  is  therefore  25*25; 
and  if  we  subtract  from  this  the  assumed  specific  heat  13*00 
of  the  two  atoms  of  uranium  and  divide  the  remainder  by  3, 
we  arrive  at  a  highly  probable  value  for  this  heat  of  the  atoms 
of  oxygen,  viz.  4*08.  The  heat  of  the  oxygen  atoms  is  by  a 
similar  process  found  to  be  3*93  in  sesquioxide  of  chromium, 
4*12  in  tungstic  anhydride,  and  4*04  in  molybdic  anhydride. 

The  following  table  exhibits  the  formulge  of  the  uranium 
compounds,  taking  the  atomic  weight  to  be  respectively  120, 
180,  240:— 

Ur=12 

UrCla 

UrO 

UrgO 

UrOC 

Ur3  0 

UrOa 

Uranium  with  atomic  weight  180  may  be  regarded  as  the 
atom-analogue  of  chromium,  Ur2  O3  being  the  analogue  of 
Org  O3,  and  UrOs  of  Cr03.  The  fact  of  the  normal  oxide 
of  uranium,  J]\\  O5,  being  a  higher  oxide  than  the  normal 
oxide  of  chromium,  Cr2  O3,  is  in  accordance  with  the  general 
tendency  of  atomicity  to  increase  with  atomic  weight.  To 
the  foregoing  it  may  be  objected  that  tungsten  has  also  claims 
to  be  taken  as  the  atom-analogue  of  chromium  ;  and  many 
arguments  might  be  raised  on  behalf  of  each  element.  Whether 
it  is  worth  while  to  raise  them  is  an  open  question.  For  it 
it  must  be  remembered  that  atom-analogy  is  likely  to  be  most 
perfect  in  twin  cycles,  and  to  be  weaker  when  the  cycles  are 
dissimilar.  This  is  evidently  so  in  the  first  four  cycles:  an 
element  in  the  first  cycle  resembles  its  atom-analogue  in  the 
second  more  closely  than  its  atom-analogue  in  the  third  or 
fourth  cycle ;  and  an  element  in  the  third  cycle  resembles  its 
atom-analogue  in  the  fourth  cycle  more  closely  than  its  atom- 
analogue  in  the  first  or  second. 

With  increase  in  the  complexity  of  the  cycle  comes  the  de- 
velopment of  new  features  and  individualities  ;  thus  the  pro- 
perty of  forming  coloured  solutions  appears  for  the  first  time 
in  the  third  cycle.  The  factor  having  the  greatest  influence 
in  determining  the  properties  of  an  element  appears  to  be 


Ur=120. 

Ur  =  180. 

Ur=240. 

UrClg 

UrCIs 

UrCI^ 

UrO 

Ur^  O3 

UrOa 

Ur^Os 

Ur,04.(Ur2  05?) 

UrOs 

UrOCl 

Ur2  O3  CI3 

UrOaCls 

Ur3  0, 

Ur02 

Urg  Os 

UrOa 

UrOs 

UrO^ 
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cyclic  position,  especially  among  the  higher  atomic  weights. 
Now,  as  the  cycle  increases,  the  same  progression  of  atomic 
weight  produces  less  and  less  change  in  cyclic  position,  and 
consequently  less  in  properties.  Comparing  the  best-known 
members  of  the  fifth  cycle  with  the  best-known  members  of 
the  third  and  fourth,  we  remark  that  the  progression  of  atomic 
weight  from  gold  to  bismuth  is  only  about  1 1 ,  while  the  pro- 
gression from  silver  (107-66)  to  antimony  (120)  is  about  12, 
and  from  copper  to  arsenic  11  "9;  and  this,  although  the  semi- 
cyclic  progression  from  caesium  to  gold,  viz.  66,  is  three 
times  the  semicyclic  progression  from  rubidium  to  silver, 
viz.  22'4.  Therefore,  while  the  dimensions  of  the  fifth  cycle 
are  three  times  those  of  the  fourth,  the  mean  progression  of 
atomic  weight  between  adjacent  atoms  is  about  the  same ; 
the  obvious  inference  is  the  presence  of  three  times  as  many 
atoms  in  the  fifth  cycle :  and  upon  these  facts  an  argu- 
ment may  be  founded  to  prove  the  fifth  cycle  to  contain  six 
primary  series  of  seven  elements.  This  supposition  receives 
support  from  the  closeness  in  atomic  weight  between  cerium 
and  lanthanum  and  between  tantalum  and  tungsten,  and  also 
from  the  number  of  newly  discovered  elements^  many  of  them 
earth  metals,  waiting  to  be  classified*. 

On  the  other  hand,  this  equality  in  atomic  progression  does 
not  hold  good  at  the  extremities  of  the  cycles  ;  and  in  these 
positions  the  atomic  progressions  are  greatest.  There  is 
between  potassium  and  calcium  a  difference  of  1,  between 
rubidium  and  strontium  a  difference  of  2,  while  the  progres- 
sion from  ca3sium  to  barium  is  4.  Again,  small  progressions 
of  atomic  weight  between  adjacent  elements  in  a  large  cycle 
might,  it  is  conceivable,  be  insufficient  to  bring  about  transi- 
tion from  one  full  atomic  type  to  another,  and  might  result  in 
the  formation  of  twin  or  triplet  elements  not  sufficiently  dif- 
ferent to  have  separate  atom-analogues  in  the  lower  cycles. 
Cerium,  lanthanum,  and  perhaps  didymium  may  thus  have 
common  atom-analogues  in  yttrium,  scandium,  and  alumi- 
nium, and  uranium  and  tungsten  in  molybdenum  and  chro- 
mium. In  this  Avay  the  fifth  cycle  may  have  four  or  even  only 
two  internal  periodic  variations,  and  yet  have  more  than  thirty- 
one  elements.  Again,  tungsten  may  be  the  atom-analogue  of 
manganese  and  of  the  unknown  element  IV.  a  7.  However, 
these  are  questions  too  obscure  to  be  answered  in  the  present 
state  of  chemistry,  and  await  the  light  of  further  investigation; 
but  this  seems  clear,  that  we  must  expect  to  find  in  the  fifth 
cycle  developments  not  to  be  found  in  the  lower  ones. 
*  Some  of  these  may  form  part  of  a  sixth  cycle. 
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TV.  Note  on  the  Electrical  Resistance  and  the  CoeJJicient  of  Ex- 
pansion of  Incandescent  Platinum.  By  E.  L.  NiCHOLS, 
Ph.D.{G6ttingenY. 

I,  T  N  the  measurement  of  temperatures  above  the  red  heat, 
J-  the  platinum  pyrometer,  in  one  form  or  another,  is  as 
important  as  the  mercury  thermometer  at  ordinary  tempera- 
tures. The  researches  ah-eady  completed,  on  the  electric 
resistance  and  the  coefficient  of  expansion  of  platinum,  and 
on  the  specific  heat  of  that  metal,  only  serve,  however,  to 
remind  us  of  the  much  that  remains  to  be  done  before  we  may 
hope  to  attain  to  even  a  fair  degree  of  accuracy  in  the  mea- 
surement of  temperatures  above  500°. 

The  present  writer,  in  order  to  compare  the  existing  for- 
mulas for  the  temperature  of  platinum  from  its  electric  resist- 
ance with  those  by  means  of  which  the  temperature  is  calcu- 
lated from  the  coefficient  of  expansion,  and  thus  to  gain  a 
clearer  idea  of  the  relative  usefulness  of  the  two  methods,  has 
determined  the  resistance  and  the  corresponding  length  of  a 
platinum  wire  at  various  temperatures  between  0°  and  the 
melting-point  of  that  metal. 

II.  Upon  a  platinum  wire  0'4  millim.  in  diameter  and  100 
millim.  long,  at  points  55  millim.  apart  and  equally  distant 
from  the  middle  of  the  wire,  two  very  fine  platinum  wires 
w^ere  welded.  They  served  to  mark  the  ends  of  the  portion  of 
the  wire  to  be  measured,  and  to  make  electrical  connexion 
with  a  shunt  containing  a  sensitive  galvanometer.  The  wire 
w^as  heated  by  the  current  from  a  buttery  of  forty  Bunsen's 
cells.     Its  resistance  was  determined  by  the  following  method. 

The  wire  (AB,  fig.  1), 
together  with  a  tangent- 
galvanometer  (G)  and  a 
resistance-box  (  W ),  was  in 
in  direct  circuit  vn\h  the 
Bunsen's  battery.  A  very 
small  portion  of  the  cur- 
rent was  shunted  around 
ah,  the  portion  of  the  wire 
to  be  tested,  and  carried 
through  a  sensitive  sine- 
galvanometer  {g)  and 
through  a  resistance-coil  [xc)  of  5000  ohms. 

*  From  Silliman's  American  Journal  for  November  1881,  having  been 
read  at  the  Cincinnati  Meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science,  August  1881. 


Fig.  1. 
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Now,  with  the  above  arrangement  of  apparatus,  if  iv  is  very 
much  hirger  than  r  (the  resistance  of  the  wire  a  b),  so  that  the 
current  through  a  6  is  not  sensibly  less  than  that  through  the 
main  circuit,  we  shall  have 

r        r 

where  C  and  C  are  the  currents  through  a  J  and  throuo-h  the 
shunt,  and  r  is  the  resistance  of  the  shunt. 
But 

C'=sinUF, 

C  =  tanVy!;, 

where  U  is  the  deflection  of  the  sine-galvanometer  and  h'  the 
constant  of  the  instrument,  and  where  V  is  the  deflection  of 
the  tangent-galvanometer  and  h  the  constant  of  the  latter  in- 
strument. 

Then  tanV    h      tanV   „ 

sin  U     '       sin  U       ' 
where 

The  length  of  the  wire  a  h  was  measured  by  bringing  the 
two  microscopes  of  a  comparator  into  such  position  that  the 
terminal  a  was  in  focus  in  the  field  of  one  of  the  microscopes 
and  h  in  the  field  of  the  other.  Since  these  points  were  quite 
as  near  the  middle  as  the  end  of  the  wire,  every  change  of 
temperature  caused  a  movement  of  both  a  and  h  \  and  it  Avas 
by  taking  the  difterences  of  these  that  the  true  change  in  the 
length  of  ah  was  determined.  As  the  microscopes  were  pro- 
vided with  excellent  micrometer-scales  and  screws,  a  fair 
degree  of  accuracy  was  obtained  by  this  method.  Readings 
of  the  length  of  the  ware  at  20°  agreed  with  a  series  taken 
upon  a  dividing-engine  of  known  accuracy  to  within  '002 
millim.  The  distance  a  h  at  20°  was  found  to  be  53*5576 
millim. 

The  resistance  of  the  cold  v,ire  was  found  (in  terms  of  U, 
V,  and  K)  by  placing  the  wire  in  a  naphthaline  bath,  and  ob- 
taining values  of  U  and  V  with  various  amounts  of  current. 

From  these  readings  a  curve  was  drawn  with  -. — ^^  as  abscissae 
^  smU 

and  tau^y  as  ordinates,  tan'^V  being  taken  as  an  expression 

for  the  heating  eft'ect  of  the  current.     The  point  of  this  curve 

corresponding  to  tan^V  =  0  was  taken  as  the  proper  value  of 

—. — TT  for  the  cold  wire, 
sin  U 
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In  measuring  the  resistance  of  the  hot  wire,  the  galvanome- 
ters were  read  simultaneously  before  and  after  each  determi- 
nation of  the  length. 

The  following  table  gives  the  results  of  the  measurements, 
for  temperatures  ranging  between  0°  and  a  point  not  far  below 
the  melting-point  of  platinum.  Both  resistance  and  length  of 
wire  at  0°  are  taken  equal  to  unity. 


Table  I. 


Resistance. 

Length. 

1-0000  ... 

...  1-00000 

1-0410  ... 

...  1-00002 

1-5071  ... 

...  1-00125 

1-9000  ... 

...  1-00289 

2-1212  ... 

...  1-00380 

2-2934  ... 

...  1-00456 

2-3035  ... 

...  1-00489 

2-7821  ... 

...  1-00732 

2-8633  ... 

...  1-00763 

2-9696  ... 

...  1-00809 

3-3533  ... 

...  1-01022 

3-3741  ... 

...  1-01003 

3-4151  ... 

...  1-01042 

3-6449  ... 

...  1-01160 

Resistance.  Length. 

3-7090     1-01229 

3-7427     1-01223 

3-7813     1-01285 

3-8750     1-01349 

3-8904     1-01371 

3-9305     1-01378 

4-0303     1-01450 

4-0631     1-01469 

4-0655     1-01495 

4-0747     1-01499 

4-0841     1-01514 

4-1248     1-01540 

4-2005     1-01567 

4-2447     1-01632 


III.  Dr.  Siemens  has  published  three  formulfe  for  the 
variation  of  the  resistance  of  a  platinum  wire  with  the  tempe- 
rature. 

The  temperatures  were  calculated  in  one  case  (formula  a) 
from  the  heating  effect  of  a  copper  ball,  the  specific  heat  of 
copper  being  regarded  as  a  constant;  Avhile  the  other  two  for- 
mulae were  derived  from  measurements  with  the  air-thermo- 
meter. 

These  formulae  are: — 

r= -039369   T^-f- '00216407  T--24127,     .     .     (a) 

r= -0021448 T^  + -0024187    T-1- -30425,     .     .     {h) 

r= -092183  T"^  + -00007781 T  + -50196,     .     .     (c) 

where  T  is  the  absolute  temperature  and  r  the  resistance  of 
the  wire.  The  following  formula  by  Benoit  is  also  sometimes 
used  for  the  determination  of  high  temperatures: 

r=  1  + -002445  i  + -000000572^2 ^^^ 

In  this  expression  t  denotes  the  temperature  in  degrees  Centi- 
grade. 
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When,  as  is  frequently  the  case,  it  is  more  convenient  to 
measure  the  length  of  a  wire  than  its  resistance,  we  may  em- 
ploy Matthiessen's  formula, 


l=k{l  +  -00000851  ^  +  -0000000035  e) ; 


{^) 


or  we  may  use  the  uncorrected  scale  of  the  platinum  thermo- 
meter.    The  latter  scale  is  expressed  by  the  formula 

Z=Z^(1  + -000008860 (/) 

These  being  almost  the  only  data  we  possess  for  the  calcu- 
lation of  the  temperature  of  a  hot  wire,  the  question  of  their 
accuracy  is  of  some  importance.  The  formulae  may  be  best 
compared  by  plotting  side  by  side  the  curves  which  represent 
them  (fig.  2). 

Fig.  2. 


4  5  6 

Resistance. 


In  fig.  2,  resistance  is   substituted  for  length  in  curves  e 
and  /,   using  for   that  purpose  the  measurements  given   in 
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Table  T.     The  following  table  affords  a  further  comparison  of 
the  six  formulae. 

In  the  columns  a  to /are  given  the  temperatures,  calcu- 
lated by  the  several  formulae,  at  which  the  resistance  of  the 
wire,  compared  with  its  resistance  at  0°,  is  given  in  the 
column  marked  "  r." 


Table  II. 


Length, 

r. 

Siemens. 

Benoit. 
d. 

Mat- 
thiessen. 

e. 

Platinum 
thermo- 
meter. 

a. 

b. 

c. 

1-0000 
1-0032 
1-0082 
1-0146 
1-0280 



1-000 
2000 
3000 
4000 
6000 
6-000 
7-000 
8000 

o 

0 
325 
692 
1086 
1464 
1828 
2170 
2470 

0 

0 

402 
812 
1244 
1682 
2072 
2387 
2692 

o 

0 

420 

1108 

1950 

3170 



o 

0 

378 

708 

1000 

1272 

1.512 

1766 

1978 

o 

0 
342 

720 
1170 
1638 
2158 
2800 

- 
o 

0 
375 

917 
1623 
3100 

A  glance  at  the  curves  and  at  this  table  suffices  to  show 
how  ill-deserved  is  the  confidence  generally  felt  in  these  for- 
mulas. The  discrepancies  involve  differences  of  hundreds  of 
degrees. 

IV.  The  methods  employed  by  Dr.  Siemens  in  the  measure- 
ments represented  by  curves  h  and  c  were  identical ;  but  the 
platinum  used  contained  slight  impurities.  To  these  impu- 
rities the  disparity  was  due.  Dr.  Siemens  found  that  such 
foreign  substances  as  usually  occur  in  commercial  platinum 
affected  both  the  resistance  of  the  cold  metal  and  the  law  of 
the  change  of  resistance  with  the  temperature. 

Benoit's  formula  (d)  depends  for  its  accuracy  upon  the 
determination  of  the  boiling-points  of  mercury,  sulphur,  cad- 
mium, and  zinc,  for  which  temperatures  he  adopted  the  values 
given  by  Deville  and  Troost*.  M.  Ed.  Becquerel  opposed 
those  values  at  the  time  of  their  publication;  and  later  researches 
have  confirmed  him,  at  least  so  far  as  cadmium  and  zinc  are 
concerned,  in  thinking  them  to  be  entirely  too  high. 

In  the  following  table  the  results  obtained  bv  Deville  and 
Troost  are  compared  with  the  more  probable  values  given  by 
other  physicists: — 

*  Deville  and  Troost,  Annates  de  Oiimie,  (3)  vol.  Iviii. 
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Table  III. 


Metals. 

Boiling-points. 

Boiling-points. 

Deville  and  Troost. 

Other  values. 

Hg 

S  

Cd  

Zn  

360 

440 

860 
1040 

o 
350 

r448 

772  [     t 

884 

Regnault.       [Journal,  1878). 
Bennett  (Silliinan's  American 
Carnelly  and  Williams  (Quart. 
Journ.  Chem.  Soc.  1876-78). 
'Qec(\nevt\{Comp. Eend.  Ivii.). 

The  substitution  of  these  values  in  Benoit^s  formula  places 
it  more  at  variance  than  before  with  the  measurements  of 
Mattliiessen  and  Sijemens — a  variation  probably  due  to  the 
difference  of  behaviour  noticed  by  the  latter  physicist  in  the 
case  of  different  specimens  of  platinum. 

The  brief  discussion  of  the  above-mentioned  results  suffices, 
we  think,  to  show  that — 

1st.  The  formulse  in  question  are  based  for  the  most  part  upon 
unwarrantable  suppositions,  such  as  the  constancy  of  the  spe- 
cific heat  of  copper  and  platinum,  the  constancy  of  the  coeffi- 
cient of  expansion  of  the  latter  metal,  and  upon  the  accuracy 
of  certain  very  doubtful  values  for  the  boiling-points  of  zinc, 
cadmium,  &c. 

2nd.  That,  aside  from  the  inaccuracy  of  those  data,  the 
varying  resistance  of  different  specimens  of  platinum  renders 
any  formula  for  the  calculation  of  temperature  of  that  metal 
from  its  electric  resistance  applicable  only  to  the  identical  wire 
for  which  the  law  of  change  of  resistance  with  the  tempera- 
ture has  been  determined. 

3rd.  That,  from  the  data  at  command,  Ave  are  not  in  posi- 
tion to  calculate  the  temperature  of  an  incandescent  platinum 
wire  from  its  change  of  resistance,  nor  from  its  length,  nor 
indeed  in  any  other  manner,  further  than  to  express  the  tem- 
perature in  terms  of  the  length  or  the  resistance  of  the  wire. 

4th.  That,  o"\Aing  to  the  great  variations  shown  by  different 
specimens  of  platinum  as  regards  its  resistance,  the  determi- 
nation of  the  expansion  of  the  wire  is  to  be  preferred,  when- 
ever practicable,  to  the  measurement  of  its  conductivity. 
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Y.  New  Transformations  of  Ordinals.    By  Sir  James  Cockle, 
M.A.,  FM.S.,  F.R.A.S.,  ^-c* 

37.  XT  follows  from  my  paper  in  the  Number  for  last  Sep- 
-1-     tember  (p.  189)  that,  when  certain  conditions  are 
fulfilled,  we  get  new  transformations. 

38.  Before  showing  this,  I  give  a  brief  verificationf  of  some 
of  the  calculations. 

39.  We  have  identically 

N2-L2  =  N-L  +  a)(a-l);    ....     (9) 

and  the  values  of  Bg  and  Cj  +  h  are  given  in  art.  20. 

40.  Art.  17  yields  the  system 

which  the  relation 

6+3a)(a)  +  l)  =  0 (10) 

reduces  to 

-(2ft)  +  3)  =  772=-(2«  +  3). 

41.  But,  by  (3)2  and  (10), 

^2=-i|3±(4«  +  3)}  =  -(2ft)  +  3)or  2«. 

42.  If,  therefore,  we  take  the  radical  positively,  all  the  con- 
ditions of  art.  17  are  fulfilled,  and  we  determine  <o  from  (10), 
thus  (see  art.  32)  obtaining  : — 

u   ,        u 

„=__lor-^; 

U      .        U     . 

'72=—  2~^  °^  2"" 

43.  The  other  two  forms  for  772,  viz.  -n"  — 2  and  — ^,  are 

improper,  and  in  general  irrelevant.  If,  however,  g)= —|, 
one  of  the  improper  forms  may  be  relevant,  and  only  one. 
Both  cannot  be  so,  because,  when  to  takes  a  single  value,  that 
value  is  —  ^. 

*  Communicated  by  the  Author. 

t  To  verify  art.  10,  let  6  =  0,  and  take  the  radical  negatively.  Then 
(1),  (2),  become  B,  C  =  0,  and  (3)  is  an  identity.  But  B,  C  =  0' together 
make  a;*X<  linear  in  x^,  while  6  =  0  makes  x^Xs  linear  in  oc^  ;  or,  in  other 
•words,  the  terordinal  in  2  is  binomial  as  it  stands.  I  have  verified  arts.  19 
and  20  by  the  substitutions 

A,  E  =  0;0;  1,1;  -1,-1}  2,1. 
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44.  Using  suffixes  in  conformity  with  the  analogies  of 
art.  17,  and  determining  h^  and  k^  from  (iv)2  and  (v)2,  we 
shall  have  (art.  13), 

/(D)2  =  (D  +  a2-l)|D'^  +  2(«2-l)D  +  3/2-a2(2a2-l)t, 

F(D)2  =  (D  +  .2-l){D2  +  2(.2-l)D  +  3^2-.,(2.2-l)}, 

and  it  only  remains  to  determine  f^  and  ^2- 

45.  But 

/2  =  L2  +  a|  — a2  =  L  — A^  +  A  +  a^  —  ag, 

^^2  =  N2  +  e|-^2  =  N-E2  +  E+e^  +  g2. 

46.  Now  (art.  21)  we  have  four  sets  of  relations;  and  for 
the  first  (art.  22)  we  get 

/2  =  4L  +  a2-a2,     ^2  =  4N  +  e2_^2; 

for  the  second  and  third  sets  respectively  (arts.  34  and  35) 

/2=4L  +  a^_a2,    ^^  =  ^  +  (^2-^)^ 
and 

/2  =  L  +  (a2-i)^    g,  =  4.-^  +  el-e,; 

and  for  the  fourth  (art.  36), 

/2  =  L  +  (a2-i)^     g2  =  ^  +  {e,-^)\ 

47.  The  quadratic  factor  of /(D)2  can  be  written 

(D  +  a2-l)2-(3«^-3«2  +  l-3/2), 
which  for  the  first  and  second  sets  is 

(D  +  a2-l)— (1-12L),  =(D  +  a2-l)^-(|I)^ 
while  for  the  third  and  fourth  it  is 

(D  +  a2-l)^-(i-3L),  =(D  +  «2-l)^-(|I)^; 

and  there  are  corresponding  results  for  F(D)2,  €2,  N,  and  J. 

48.  The  relation  characteristic  of  the  first  set  has  (art.  33) 
been  given.     That  for  the  second  is  obtained  thus: 

i-3L  =  (A-i)2=a,^  or  1^^-1^=0,2; 

whence  (arts.  29  to  32) 

and 

U  +  3I=0,  or4. 

49.  The  corresponding  relations  for  the  third  and  fourth 
sets  are  : — 

U±3J  =  0or4;     U  =  0or4. 


u  + 
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50.  We  may  state  all  our  results  concisely  as  follows : — 
When  I,  U,  J  are  connected  by  one  of  the  relations 

U-3(l-02-'«)I  +  3(l-02-'^)J  =  4,      .     .     (11) 
U  +  3(l-02-'»)I-3(l-02-«)J  =  0,      .     .     (12) 
the  terordinal  in  z  can  be  transformed  into 

(d  +  .,-H-Aj)(D  +  .,-1)(d  +  .,-1-^   )^  ^ 

(D  +  a,-l+Al)(D  +  «,-l)(D  +  a,-l-|,l) 

....     (13) 

wherein,  for  the  first  set  ??i=:l  =  ?i;    for  the  second,  ??i  =  l, 
n  =  2 ;  for  the  third,  ??i  =  2,  n  =  1;  and  for  the  fourth,  m  =  2  =  n. 

51.  Both  I  and  J  are  independently  bisignal;  and,  without 
affecting  I  or  J,  we  can  change  U  into  U  +  4A',  where  k  is  an 
integer.     The  restriction  in  art.  35  disappears. 

52.  When  any  one  of  the  conditions  implied  in  (11)  or  (12) 
is  satisfied,  Boole's  algorithm  would  enable  us  at  once  to  form 
a  terordinal  having  its  factors,  as  well  in  the  numerator  as  in 
the  denominator,  in  arithmetical  progression.  But  (13)  yields 
as  many  results  again;  for,  since  a.2  —  e^  has  two  values,  (13) 
has  two  forms. 

53.  TakeU  =  0.  Here  772  =  ~  1  oi' —  3.  The  result  yielded 
by  —3  may  be  always  transformed*  into  that  obtained  by 
Boole's  algorithm  ;  not  so  that  yielded  by  —1,  which  is 
peculiar  to  the  criticoidal  transformation. 

2  Sandringham  Gardens,  Ealing  near 
London  W.,  December  15,  1881. 

Errata  in  Vol.  XII.  (additionnT). 

Page  189,  art.  2,  line  2,  first  term,  for  d-  read  d^ 
„     190,  last  line  of  text,  for  b  read  —6 
„     195,  line  2,  for  -ar  read  co 
„     196,  art.  34,  line  3,  for  L  read  3L 
„       ,,         „         ,,      5, /o?' N  rea(?  3N 
„       „     art.  3G,  line  3, /or  —2  read  0  or  4 


*  This  transformation  is  direct,  viz.  effected  by  Boole's  process.  The 
criticoidal  transformation  is  indirect ;  -\iz.  we  connect  two  terordinals  by 
means  of  a  biordinal.  I  have  applied  Boole's  algorithm  in  the  *  Messenger 
of  Mathematics '  for  November  1881  (pp.  109,  llO;. 
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VI.    On  the  Distrihution  of  the  Molecular  Velocities  in  Gases. 

By  C.  Cellerier*. 

THE  molecules  of  a  gas  are,  according  to  the  modern  theory, 
withdrawn  from  each  other's  action  darincr  almost  the 
whole  of  their  passage,  which  takes  place  in   this  case   in 
straight  lines  and  with  a  uniform  motion.     In  all  that  follows, 
we  shall  su})pose  that  a  homogeneous  gaseous  mass,  every- 
where at  the  same  temperature,  is  contained  in  an  invariable 
enclosure  impermeable  to  heat.     It  is  then  in  a  permanent 
state.     The  molecular  velocities,  to  which   a  mean  value  is 
often  attributed,  are  really  unequal,  constantly  modified  by 
the  collisions;  and  after  a  certain  time  the  proportion  of  the 
molecules  possessing  a  more  or  less  great  velocity  will  no 
loncrer  chano;e  :  the  aim  of  this  investio-ation  is  to  determine 
their  law — that  is  to  ^'^.j,  the  final  distrihution  o^  ih.Q  velocities. 
The  men  of  science  who  have  occupied  themselves  with  the 
molecular  collisions,  among  others  M.  Clausius,  have  in  general 
likened  them  to  that  of  two  solid,  perfectly  elastic  spheres, 
equal  in  mass  and  radius,  at  least  in  the  conditions  of  perma- 
nence M'hich  we  have  just  mentioned.     We  shall  attribute  to 
the  molecules  any  form  whatever,  variable  from  one  to  another, 
so  as  not  to  exclude  the  cases  in  which  the}^  are  regarded  as  a 
grouping  of  atoms,  those  in  which  they  are  supposed  to  pos- 
sess polarity,  &c.     With  this  exception,  we  shall  admit  the 
other  hypotheses  contained  in  the  preceding  point  of  view, 
and  which  may  be  summed  up  thus : — 

1.  The  sum  of  the  vires  viva;  of  translation  of  two  molecules 
is  not  altered  by  the  collision ; 

2.  All  the  masses  are  equal ; 

3.  The  collision  may  be  compared  to  that  of  two  solid 
bodies. 

It  must  be  remarked  that  the  total  vis  viva  of  translation  in 
the  whole  of  the  gas,  measuring  the  pressure,  is  permanent ; 
it  is  equally  invariable  for  each  of  the  small  portions  into  which 
the  mass  may  be  divided  ;  therefore  the  first  hypothesis,  like 
the  second,  consists  in  neo-lectino-  some  irregularities  which 
may  present  themselves  in  one  direction  or  the  other,  and 
wbich  will  but  little  modify  the  result  sought.  Hence,  if  the 
hypothesis  of  solidity  be  admitted,  the  laAvs  of  the  collision  for 
two  spheres  or  two  surfaces  of  any  kind  will  certainly  be  the 
known  laws — that  is  to  say,  that  the  projection  of  the  velocity 
of  one  of  the  centres  of  gravity  upon  the  common  tangent 

*  Translated  from  the  Bibliotheque  Universelle,  Archives  des  Sciences 
Physiques  et  Naturelles,  Oct.  15,  1881,  t.  vi.  pp.  337-373. 
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plane  is  not  altered  by  the  collision;  otherwise  the  sum  of  the 
vires  vivce  of  translation  would  also  be  so. 

In  regard  to  the  solidity  so  far  as  the  collision  is  concerned, 
let  us  remark  that  the  trajectory  of  one  of  the  centres  of  gra- 
vity is  composed  of  two  straight  lines  joined  by  a  curve  cor- 
responding to  the  period  of  mutual  action.  In  the  case  of  two 
springs  bending  one  another  this  curve  has  a  certain  extent; 
for  two  solid  spheres  it  is  reduced  to  a  point.  More  precisely, 
if  a  denotes  the  displacement  of  the  centre  of  gravity  of  a  mo- 
lecule during  the  collision  (that  is  to  say.  during  the  sensible 
action  of  another  molecule),  and  d  the  distance  of  the  two 
centres  at  that  instant,  the  condition  of  solidity  consists  in  a 
being  imperceptible  compared  wdth  d. 

This  is  only  a  consequence  of  the  gaseous  constitution  of 
which  we  wish  to  calculate  the   effect ;  for  this  calculation 

consists  in  regarding  as  negligible  the  ratio  -j,,  d'  being  the 

mean  distance  traversed  by  a  molecule  between  two  successive 
collisions.  It  is  so  also  for  gases  strongly  compressed ;  for 
such  was  the  case  in  one  of  the  principal  experiments  from 
which  the  nothingness  of  the  internal  work  has  been  concluded. 
Now,  if  a  body  in  the  solid  state  pass  to  that  of  a  compressed 
gas  occupying  either  eight  times  or  twenty-seven  times  its 
original  volume,  the  mean  interval  between  two  neighbouring 
molecules  is  merely  doubled  or  trebled.  At  the  distance  of 
the  original  interval  they  certainly  act  the  one  upon  the  other; 
and  it  is  evident  that  in  the  gaseous  state  they  can  hardly  be 
displaced  the  distance  d  without  collision :  therefore  d  and  d' 

are  quite  of  the  same  order  of  magnitude ;  and  if  -r,  is  negli- 
gible, so  is  -5' 

It  is  moreover  easy  to  see,  for  solid  molecules  it  is  tnie,  that 
the  degree  of  incompressibility  of  a  body  serves  as  a  measure 
for  that  of  its  molecules.  If  two  equal  masses,  di\dded  each 
into  n  parts,  collide  with  great  force,  the  stress  borne  by  one 
part  will  be  the  same  as  if  it  had  been  isolated  and  received 
the  impact  of  one  part  only.  If  in  that  case  it  is  sensibly 
compressed,  as  much  will  happen  when  it  forms  part  of  the 
mass,  and  this  will  be  compressed  in  the  same  proportion. 

We  shall  examine  some  particular  cases  of  molecular  mo- 
tions before  attacking  the  general  question ;  but  first  some 
remarks  are  necessary  in  order  to  avoid  repetitions. 

(1)  The  unit  of  length  is  supposed  to  be  chosen  so  that  the 
total  volume  comprised  in  the  enclosure  is  the  unit,  although 
it  be  very  great.     Even  when  the  molecules  are  divided  into 
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numerous  groups,  each  of  them  will  contain  an  immense  num- 
ber. The  molecules  are  classed  in  groups  according  to  the 
nature  of  their  velocities  ;  the  molecules  of  one  and  the  same 
group  are  supposed  to  be  distributed  in  a  sensibly  uniform 
manner  throughout  the  space. 

(2)  If  n  is  the  number  of  molecules  of  a  group,  the  number 
of  those  of  -which  the  centre  of  gravity  is  comprised  in  a  de- 
termined volume  H  will  be  nH,  with  an  imperceptible  relative 
error.  Indeed  this  is  equivalent  to  saying  that  it  is  propor- 
tional to  the  volume.  Now  it  is  evident  that,  when  the  total 
volume  is  divided  into  a  great  number  of  equal  parts,  the  num- 
ber of  centres  contained  in  each  will  be  very  great,  and  the 
ratios  between  them  sensibly  equal  to  unity.  There  would 
only  be  a  difference  for  the  proportions  contiguous  to  the  side, 
it  not  being  possible  for  the  centre  of  a  molecule  to  exist  at  a 
distance  from  this  which  falls  below  a  certain  limit ;  but  this 
limit  being  infinitely  small  in  comparison  with  the  total  dimen- 
sions, the  result  is  not  thereby  altered. 

(3)  We  shall  have  to  value  the  total  number  of  collisions, 
or  that  of  certain  collisions,  during  a  period  constantly  desig- 
nated by  t ;  this  is  supposed  such  that  there  is  an  immense 
number  of  collisions,  and  yet  they  affect  only  an  imperceptible 
fraction  of  the  total  number  of  molecules  of  one  and  the  same 
group;  also  the  cases  in  which  during  that  time  one  and  the  same 
molecule  suffers  two  collisions  can  be  completely  neglected, 
their  number  being  infinitesimal  in  proportion  to  the  former. 

(4)  The  directions  of  the  velocities  will  be  indicated  by 
drawing  parallel  to  each  of  them  a  radius  of  a  fixed  sphere, 
which  will  be  named  the  typical  sphere:  the  point  of  the  sur- 
face at  which  it  ends  Avill  be  the  typical  point  of  the  velocity  ; 
any  portion  of  the  surface  will  be  called  the  typical  region  of 
the  velocities  whose  typical  point  is  on  that  region — which  will 
serve  for  distributing  them  in  groups. 

FiKST  Disposition. 

All  the  centres  of  gravity  of  the  molecules  have  one  and  the 
same  velocity  ^V,  in  parallel  directions,  tchich  we  figure  vertical; 
hut  n  of  these  molecules  are  descending,  and  the  others,  in  number 
n' ,  are  ascending. 

Let  G,  G'  be  the  centres  of  gravity  of  two  molecules  which 
collide,  and  0  their  common  centre  of  gravity;  this  is  in  the 
middle  of  GG',  and  consequently  immovable  before  the  colli- 
sion; it  will  therefore  continue  to  be  so  after  it  in  the  absence 
of  any  extraneous  force  :  consequently,  if  after  the  collision 
G,  G'  are  in.  P,  P'  and  an  instant  afterwards  in  Q,  Q',  the  tri- 
angles POQ,  P'OQ'  being  equal,  the  small  spaces  PQ,  P'Q' 
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passed  through  will  be  equal  and  parallel.  It  will  therefore 
be  the  same  with  the  velocities  after  the  collision,  which  will 
be  besides  in  the  opposite  direction.  The  vis  viva  not  ha'vang 
changed,  their  value  will  still  be  ^V;  their  projection  upon  the 
common  tangent  plane,  too,  not  having  changed,  the  old  and  the 
new  velocity  will  have  for  their  bisectrix  the  normal  to  that  plane. 

Case  I.  All  the  molecules  are  spheres  of  the  same  diameter  p. 

Let  0  be  the  centre  of  one  of  the  ascending 
molecules,  and  let  us  trace  a  sphere  with 
centre  0  and  radius  p.  In  order  that  a  mo- 
lecule of  the  first  kind  may  come  into  contact 
with  the  sphere  during  the  time  t,  its  centre 
G  must  encounter  the  surface  ;  and  for  this 
it  must  be,  at  the  commencement  of  the  time 
t,  interior  to  the  cvlinder  which  would  be 
formed  by  drawing,  through  all  the  points  of 
the  upper  hemispherical  surface,  verticals  di- 
rected upwards  and  of  the  length  \t,  since  V 
is  the  relative  velocity  of  the  two  molecules. 
This  cylinder  is  terminated  below  by  the  he- 
misphere, above  by  an  equal  hemisphere  ;  its  volume  is  that 
of  a  cylinder  of  height  V^  and  base  7rp-  ;  the  total  volume  of 
the  similar  cylinders  corresponding  to  all  the  molecules  of  the 
second  kind  is  H^jiVp^Yi;  the  number  p,  of  centres  of  mole- 
cules of  the  first  kind  which  are  found  there  at  the  commence- 
ment of  the  time  t  is  therefore  nH,  according  to  the  second 
remark  above.     Hence,  putting  7rp-  =  a,  results 

p=^ann'Yt (1) 

This  number,  then,  is  also  that  of  the  collisions  during  the 
time  t ;  for,  according  to  the  third  remark,  the  cases  in  which 
two  descending  molecules  would  have  their  centres  in  one  and 
the  same  cylinder  can  be  omitted,  the  collision  of  the  one 
preventing  that  of  the  other. 

Let  us  employ  the  above  sphere  as 
typical  of  the  velocities,  and  draw 
various  meridians  through  the  vertical 
0  A.  If  the  point  G-  (the  centre  of  a 
descending  molecule)  meets  the  sur- 
face on  one  of  them  in  M',  the  tangent 
plane  common  to  the  two  molecules 
will  be  parallel  to  the  tangent  plane 
in  M',  so  that,  0  M  being  drawn  par- 
allel to  the  new  velocity,  its  typical 
point  M  will  be  upon  the  same  meri- 
dian,   and   the  anole   A  0  M    double 
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A  0  M'.     The  latter  can  moreover  take  all  values  from  0  to 

^,  while  the  other  varies  from  0  to  tt. 

Let  (o'  be  a  surface-element  situated  in  the  upper  hemi- 
sphere, and  comprised  on  the  one  side  between  two  meridians 
very  near  one  another  and  makinnr  the  angle  (/</>,  on  the  other 
between  two  horizontal  circles  having  i  and  i-^di  for  their 
angular  distances  from  the  point  A,  and  consequently  p  sin  i 
for  radius  ;  we  can,  as  is  known,  assimilate  a'  to  a  small  rect- 
angle having  for  its  sides  pcli,  p  sin  id(p,  and  for  its  surface 
Q}'  =  p'  sinididcf).  The  points  M  corresponding,  as  above,  to 
all  the  points  M'  situated  in  the  area  <u'  evidently  constitute 
an  element  &>,  comprised  between  the  same  meridians  and  be- 
tween two  horizontal  circles  having,  for  their  angular  distances 
from  the  point  A,  2i  and  2{i  +  di),  and  therefore  for  their  sur- 
faces 

ft)  =  2p^  sin  2z .  di  d(f>,  or  ta  =  4to'  cos  i. 

By  drawing  a  vertical  of  the  length  Yt  through  each  point 
of  the  area  tu',  we  shall  form  a  very  thin  prism  comprised  in 
the  cylinder  of  which  we  have  spoken,  in  the  interior  of  which 
the  centre  Gr  of  a  molecule  must  be  in  order  that  the  typical 
point  of  the  velocity  due  to  the  collision  ma}^  be  within  the 
element  co.  Its  horizontal  section,  the  plane  of  which  makes 
the  angle  i  with  the  tangent  plane  in  M',  will  consequently  be 

,  .  CO 

ft)  COS  t  or  -T' 
4 

If  now  ft)  designates  not  an  element,  but  a  finite  portion  of 
the  sphere,  it  can  be  decomposed  into  elements  such  as  the 
preceding;  and  for  the  velocity  due  to  the  collision  to  corre- 
spond to  this  new  region,  the  point  G  must  be  interior  to  one 
or  the  other  of  the  small  prisms  corresponding  to  each  element, 
or,  what  comes  to  the  same  thing,  within  the  second  cylinder 

formed  by  their  union,  the  section  of  which  is  again  -.  Sup- 
posing the  construction  of  this  second  cylinder  identically 
repeated  for  all  the  molecules  of  the  second  kind,  the  number 
fjf  of  the  collisions  for  which  the  new  velocity  corresponds  to 
the  region  &)  will  be  the  number  of  the  centres  G  of  descend- 
ing molecules  situated  in  the  interior  of  the  second  cylinder 
and  of  its  homologues. 

Now  p,  was  the  number  of  points  G  interior  to  the  first  cylin- 
der and  its  homologues:  —   is  therefore   the   ratio  of  their 

E2 
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volumes  or  of  their  sections  j,  7rp-,  whence  results 

"'=  i^'^ (^) 

In  particular,  if  it  be  wished  that  the  acute  angle  of  the  new 
velocity  with  a  given  fixed  direction  LOL'  shall  be  greater 
than  a  given  acute  angle  a,  it  will  be  necessary  that  M  be 
within  a  zone  bounded  bj  two  circles  whose  poles  are  L,  L', 
and  having  an  angular  distance  a  from  those  two  points. 
The  height  of  the  zone  being  2pcosu,  its  surface  will  be 
oj  =  47rp^  cos  a,  and  the  number  of  collisions  satisfying  the  pre- 
cedinDf  condition  will  be 


o 


/jb'  =  /JbCOSa (3) 

Prof.  Clausius  has  remarked  that  for  the  new  velocities  all 
directions  are  equally  probable.  This  is  what  equation  (2) 
expresses,  since  the  number  of  collisions  /j,'  is  independent  of 
the  position  of  co.  It  is  this  fundamental  property  that  we 
have  now  to  demonstrate  for  molecules  which  are  not  spherical. 

Case  II.  All  the  molecules  of  the  first  icind  have  any  surface 
S,  those  of  the  second  kind  any  surface  ^'\  those  of  the  same 
sort  are  not  only  equal,  but  shnilarlg  oriented ;  that  is  to  say, 
the  homologous  straight  lines  joining  two  points  of  them  are 
parallel. 

Let  us  trace  apart  a  tj-pical  sphere  with  centre  0^  radius  1, 
for  Avhich  we  will  again  use  the  same  figure,  A  being  its  high- 
est point.  If  we  wish  the  new  velocity  of  a  descending  mole- 
cule to  have  M  for  its  typical  point,  the  normal  to  the  plane 
of  the  collision  must  be  0  M',  the  bisectrix  of  OMA.  On  an 
ascending  molecule  S'  we  shall  find  the  point  M'',  at  which 
the  interior  normal  is  paralled  to  M'O;  there  is  only  one  such 
point,  because  we  shall  suppose  S,  S'  convex,  without  points 
or  sharp  edges.  We  shall  displace  S  b}^  a  motion  of  transla- 
tion only,  so  that  this  surface  shall  touch  S''  in  M'''. 

On  repeating  the  operation  for  all  the  points  M  within  an 
infinitely  small  circle  co,  the  locus  of  the  points  M'  will  be  an 


// 


element  to'  of  the  sphere,  that  of  the  points  M''  an  element  o) 
of  S',  that  of  the  corresponding  positions  of  G  a  surface- 
element  7  in  the  space.  Carrying  through  each  of  these  points 
a  vertical  of  the  length  V^,  we  shall  have  formed  a  thin  prism 
of  the  volume  h  =  Yt'yeosi,  i  being  the  angle  made  by  the 
plane  of  y  with  the  horizontal.  We  will  name  it  the  efficient 
volume  of  the  region  o>,  because  it  is  that  in  which  G  must  be 
at  the  commencement  of  the  time  t  in  order  that  the  new 


the  Molecular  Velocities  in  Gases. 
velocity  may  correspond  to  co.     We  shall  thus  have 
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h 


II 


ly   CO     CO 


—  =Yt  cos  i,      -7-,  — r 
CO  '     (o     (o     a> 

To  simplify  this  value,  let  B',  G'  denote  two  points  of  7  the 
distance  between  which  is  not  very  small  relatively  to  the 
dimensions  of  7  ;  let  B,  C  be  the  corresponding  points  of  co'', 
and  let  us  draw  C  B"  equal  and  parallel  to  B'C'.     The  point 


G  being  at  first  in  Q'  the  contact  was  in  C;  a  motion  of  trans- 
lation bringing  G  to  B',  the  point  of  S  which  was  in  C  comes 
to  B'';  at  that  instant  the  contact  being  in  B,  let  T  T  be  the 
tangent  plane  common  to  S  and  S'.  The  point  B''  being 
upon  S,  and  C  upon  S',  the  distance  of  each  from  the  tangent 
plane  is,  as  we  know,  an  infinitesimal  of  the  second  order. 
Therefore  the  straight  line  C  W  makes  with  the  plane  an  infi- 
nitely small  angle;  and  it  is  the  same  with  B'  C.  The  same 
could  be  said  of  B''D',  D'  being  another  point  of  7.  Therefore 
the  plane  of  y,  in  its  entirety,  is  parallel  to  the  plane  of  &>", 
and  consequently  to  that  of  co'. 

Next  let  us  call  M  specially  the  centre  of  the  circle  w,  the 
points  M',  M''  being  those  which  correspond  to  it ;  it  is  evi- 
dent that  the  ratios  — ?  — r?  -77  do  not  change  if  we  alter  the 

CO     co'    co"  ® 

form  of  the  elements,  provided  that  they  exactly  correspond 
to  one  another  and,  further,  are  still  at  the  same  place — that 
is  to  say,  contain  M,  or  M',  or  M'' ;  we  have,  then,  cu  =  4ft)'cos^, 
a  relation  previously  found  for  a  rectangular  form.  We  shall 
moreover  substitute 


ft) 


// 


the  second  of  these  indicates  that  ^  depends  at  the  same  time 
on  the  position  of  M''  and  that  of  S  relatively  to  S' ;  and  the 
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co" 


first,  that  -J-  depends  only  on  the  position  of  M''  relatively 
ft) 

to  S'.     It  must  be  remarked  that,  if  while  preserving  these 

relative  positions  we  change   the  general  orientation  of  the 

figure  to  make  it  correspond  to  another  region  w,  the  functions 

f,  F  will  remain  the  same. 

Lastly,  if  we  name  H  the  total  efficient  space  n'h  found  by 

combining  those  of  all  the  molecules  of  the  second  kind,  we 

shall  get,  by  the  preceding  substitutions, 

H       n'Yt 


O) 


(It  could  be  demonstrated  that/(M'0  =  RR',  R  and  W  being 
the  principal  radii  of  curvature  of  the  surface  S'  at  the 
point  M'^) 

Case  III.  The  data  are  the  same  as  in  the  second,  except 
that,  for  each  kind  of  molecules,  S  and  S'  can  be  oriented  in 
all  ways,  indifferently.  It  is  clear  that  the  equally  frequent 
orientations  of  S  can  be  replaced  by  a  numerous  series  of  suit- 
ablv  chosen  orientations  D^,  ^2?  I^sj  &c.,  the  character  of 
which  could  even  be  indicated  by  a  differential  notation  ;  but 
it  is  needless  to  make  a  choice  as  regards  the  mode  of  deter- 
mining them;  only  they  possess  the  essential  property  that,  if 
they  be  all  rotated  one  and  the  same  angle  in  the  same  direc- 
tion about  parallel  axes,  they  form  an  equivalent  system  of 
equally  frequent  orientations.  We  shall  designate  by  D\,  D'2, 
J)'s, . . .  the  analogous  orientations  for  S^ 

The  totalitv  of  the  collisions  will  be  divided  into  groups  by 
combining  those  in  which  the  molecules  of  the  first  kind  have 
one  and  the  same  orientation  D,  and  those  of  the  second  kind 
one  and  the  same  D'. 

The  efficient  space  for  a  single  group  is  the  number  H  which 
we  have  just  found,  if  n'  be  replaced  by  n" ,  the  number  of  mo- 
lecules of  the  second  kind  in  the  group.  Designating  now  by 
H  the  total  efficient  volume  for  all  the  groups  combined,  we 
shall  have 

-  =  ^  t'Xn"f{W')Y{W',  S), 

the  sum  2'  applying  to  the  orientations  D'j,  J)' 2, . . . ,  and  S 
to  Di,  D^,  &c.  To  form  the  latter,  one  has  to  leave  the  posi- 
tion D'  of  W  invariable,  as  well  as  M'',  so  that/(M'')  is  the 
common  factor  ;  then  S  is  to  be  associated  with  them  in  the 
successive  positions  D^,  Dg, . . . ,  n"  being  ahvays  the  corre- 
sponding number  of  molecules  of  the  second  kind:  this  num- 
ber is  consequently  sensibly  constant.      The  positions  once 
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found,  if  the  figure  be  rotated  one  and  the  same  angle  about 
one  and  the  same  axis  carried  through  G',  the  orientations  of 
S  will  again  be  of  equal  frequence.  Thei-efore  Sn"Y{W ,  S) 
is  a  function  of  the  same  nature  as/(M''),  depending  only  on 
the  position  of  M''  upon  S',  and  not  on  the  orientation  of  the 
latter.     We  shall  therefore  have 

^  =  Ytt'<t>{W'), 

CO 

the  function  ^(M'')  being  again  of  the  same  nature. 

The  sum  will  be  formed  bj  giving  to  S'  the  positions  D'l, 
D'2, .  • .  and  taking  for  M''',  each  time,  the  point  at  which  the 
normal  is  parallel  to  M'O.  If  we  rotate  all  the  positions  thus 
formed  one  and  the  same  angle  about  one  and  the  same  axis 
passing  through  G',  the  normals  to  the  points  M''  will  again 
have  a  common  direction,  and  (f){W)  will  bo  the  same  for  each 
j&gure;  consequently  2'(/)(M''j  will  not  have  changed.  The 
new  positions  of  S'  will  again  be  of  equal  frequence,  and  will 
then  all  be  found  to  be  those  which  it  would  be  necessary  to 
employ  on  taking  for  M'  another  point  of  the  sphere,  or  (which 
comes  to  the  same)  on  supposing  to  at  another  place.  More- 
over, as  this  may  be  any  place  whatever,  the  value  of  H  is 
independent  of  the  position  of  co ;  and  consequently  it  is  the 
same  with  the  .corresponding  number  of  collisions — which  was 
to  be  demonstrated. 

Case  IV.  This  will  be  the  general  case,  in  which  the  mole- 
cules will  have  any  unequal  fonns  whatever. 

We  may  evidently  assimilate  them  to  a  numerous  series  of 
forms  Fi,  F2,  F3,  &c.,  serving  as  types,  and  each  of  w^hich  may 
be  oriented  in  all  possible  ways.  We  shall  divide  the  collisions 
into  groups  by  putting  in  the  same  those  in  which  the  mole- 
cules of  the  first  kind  have  one  and  the  same  figure  F,  and  the 
others  one  and  the  same,  F^  From  what  we  have  just  seen, 
all  directions  of  the  new  velocities  will  be  equally  probable  for 
each  group,  and  therefore  also  for  their  union  or  for  all  the 
collisions  ;  and  the  same  property  once  demonstrated,  equa- 
tion (3),  which  is  the  immediate  consequence  of  it,  ma}"-  also 
be  said  to  be  so,  /j,  being  the  total  number  of  the  collisions. 
As  to  this  number,  whatever  may  be  the  shapes  of  the  mole- 
cules, it  is  proportional  to  each  of  the  quantities  n,  n',  V,  t 
separately  Avhen  it  varies  alone,  the  others  remaining  constant; 
thus  its  ratio  to  nn'Yt  is  an  absolute  constant  depending  on 
the  nature  of  the  molecules,  and  which  may  be  designated  by 
a.     Equation  (1)  is  thus  verified. 
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Second  Disposition. 

The  molecules  are  of  txoo  hinds,  of  ichich  the  numbers  are  n, 
n^  Those  of  one  and  the  same  kind  have  equal  velocities,  par- 
allel and  in  the  same  direction,  of  which  the  vahie  is  n  for  the 
first,  and  y  for  the  second;  the  angle  of  the  velocities  is  9. 

Let  us  represent  these  velocities,  in  magnitude  and  direc- 
tion, by  OA  =  w,  OB  =  i^;  let  V,  V  be  the  diagonals  AB,  00 
of  their  parallelogram;  we  shall  have 

V  =  v/tf'-^  +  r'^-2Mt?cos^,     N^  =  s/u-  +  v'  +  2nvcose.    (4) 

To  these  let  us  draw  parallels  DOE,  AD,  BE.  OB  may  be 
regarded  as  the  resultant  of  two  other  velocities  OE,  01;  in 
like  manner  0  A  is  that  of  0  D,  0  I.     Thus  the  velocities  of 


all  the  molecules  are  exactly  the  same  as  if  the  entire  mass 
with  its  boundary  had  a  velocity  of  translation  represented  in 
magnitude  and  direction  by  0 1  or  ^V,  while  the  relative 
velocities  of  all  the  molecules  at  the  commencement  of  the 
time  t  amounted  to  0  D  for  the  first  species,  to  0  E  for  the 
second.  As  in  the  first  disposition,  these  velocities  are  par- 
allel, in  opposite  directions,  and  all  equal  to  \Y.  Conse- 
quently in  the  relative  motion  every  thing  will  take  place  as 
w^ehave  already  seen.  The  total  number  of  the  collisions  will 
again  be  the  value  of  //-  given  in  equation  (1);  besides,  desig- 
nating by  6'  the  acute  angle  made  by  one  of  the  new  veloci- 
ties Avith  0  I,  there  will  be,  according  to  equation  (3),  a  num- 
ber fjb  cos  a  of  collisions,  for  which  6' >  x,  u  being  an  acute 
angle  chosen  arbitrarily. 

All  these  new  absolute  velocities  will  be  found  by  com- 
pounding the  preceding  ones  with  0  I  or  iV,  Avhich  makes  the 
ancles  6'  and  tt  —  O'  with  those  resultinor  from  one  and  the 
same  collision.     These  absolute  velocities  will  therefore  be 

\/iY''  +  iY'''±^YY'cose 

It  can  be  vei'ified  from  formula  (4)  that  the  sum  of  their 
squares  is  u^  +  v^,  as  it  ought  to  be,  the  vis  viva  not  having 
changed. 
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For  brevity  let  us  agree  to  designate  by  S,  for  any  collision 
whatever,  the  numerical  difference  of  the  squares  of  the  new 
velocities ;  in  the  present  case  we  have 

g  =  VV'cos6'',  whence  S=  or  <Vy^ 

Next,  let  z  be  a  given  positive  number.  If  the  number  of 
collisions  for  which  S<2r  is  required,  the  answer  will  be  S=:/i 
if  z>W',  since  the  condition  is  satisfied  by  all  the  colli- 
sions; but  if  £<YV'',  on  the  acute  angle  a  being  chosen  so 
that  we  have  VV^cos«  =  £^,  the  relation  S<^ gives  cos  ^'<cosa 
or  6'  >a;  and,  as  we  have  seen,  the  number  of  collisions  sought 

will  be  [i  cos  a,  or  ttTv.     On  replacing  ~  by  z  +  dz,  those  nuni- 

V  V  (  -t  jL.   7~\ 

bers  in  the  two  cases  will  be  /a  or  ^~  ~'  -,  taking  the  differ- 
ence, we  shall  have  the  number  ^"  of  collisions  for  which  S 
is  comprised  between  z  and  z-\-clz\  consequently 

/'  =  Oif^>VV';     iiI'=^\iz<-NN'.      .     (5) 

Third  Disposition. 

The  tnolecules  are  again  of  tivo  kinds,  in  number  n,  n'^;  for 
each  kind  the  velocities  are  all  equal,  viz.  u  for  the  first,  v  for 
the  second.  For  the  first  kind  all  are  parallel  and  in  the  same 
direction;  for  the  second  they  are  in  all  directions  indifferently. 
We  neglect  the  collisions  occurrino;  between  the  molecules  of 
the  second  kind. 

Let  us  suppose  a  typical  sphere  described  having  for  its 
centre  a  fixed  point  0,  and  for  its  radius  unity;  let  us  divide 
it  into  elements  w,  and  take  each  of  them  for  the  typical  region 
of  a  group  of  velocities — that  is  to  say,  of  the  group  of  mole- 
cules of  the  second  kind  to  which  those  velocities  belonor. 
The  velocities  being  in  all  directions  indifferently,  the  number 


n'  w 


of  molecules  of  the  group  will  be  -j — ,  47r  being  the  surface  of 

the  sphere.  The  number  of  collisions  effected  between  this 
group  and  the  molecules  of  the  first  kind  returns  into  the 
second  disposition,  and  will  be  deduced  from  /i,  by  replacing 

n!  by  n'- —     Putting            ,            /,  //.x 

-^      4,^  ^  k  =  annt, [b) 

formula  (1)  will  give  iJi^—, — ;  the  number  of  collisions  for 

which  S  is  comprised  between  z  and  z  +  dz  will  be,  according 

txdz 
to  equations  (5), /u.''  =  0  or  :rj^,  for  the  single  group.     Let  us 
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designate  this  number  by  vi'  for  all  the  groups  united,  and  the 
total  number  of  collisions  by  m ;  we  shall  have 

m  =  A:^^V,     m'  =  kY{ri,v)dz,     F(t.,r)  =  2^;     .    (7) 

the  sums  are  extended  to  all  the  elements  w  of  the  sphere  by 
suppressing  in  the  second  the  terms  for  which  the  angle  6  of 
the  velocities  would  not  satisfy  the  condition  W  >  z.  Sup- 
posing the  radius  0  I  of  the  sphere  parallel  to  the  velocity  u, 
we  can  take  for  co  the  narrow  zone  comprised  between  two 
circles  having  I  for  their  pole,  and  6  and  6  +  cW  for  their  an- 
gular distances  from  that  point.  Its  altitude  being  sin  6  dd, 
we  shall  have  &)  =  27r  sin  0  dd;  the  angle  6,  constant  throughout 
its  extent,  will  be  that  of  the  velocities;  V,  V  will  also  be  the 
same  for  the  Avhole  of  the  zone.  The  sums  2  will  become  in- 
tegrals from  0  to  TT.  We  shall  thus  have  for  the  indefinite 
integrals,  from  the  values  (7)  and  (4), 

m  =  U  f  V  sin  6  dO  =  J^  V-\ 

J  buv 

^,       .      .Cslnddd  Y' 


Y'  2uv 


For   0=77,  Y^={u  +  vy,  for  ^  =  0,  Y' =  (u-vy  or  (v-uf, 
according  as  m  >  or  <  z;.     Consequently 

m  =  ]c/{u,v) (8) 

on  putting 


V"^      .„  .^  N  ?<^ 


f(ii,v^  =  u-i-  ^  if  u>v,     f(u,v)  =  v+  TT-  if  v>u.      .     (9) 

This  function  is  continuous  in  value,  but  not  in  form. 
Let  us  remark  next  that,  from  values  (4)  we  get 

YY'  =  x/{u^  +  v^f-4.ti'v'cos''e, 

an  expression  varying  with  6  between  the  limits  11"^  + v'^  and 
\/{u^—v^)'^,  or  the  numerical  A^alue  of  v?—v^.    z  must  be  sup- 
posed <ii^-\-v^,  since  the  collision  does  not  alter  the  sum  of 
the  squares  of  the  velocities. 

(1)  If,  moreover,  z  is  <\/ {ti^ —v-)^ ,  the  condition  z<YY' 

being  constantly  satified,  in  the  value  of  F(2/,  v)  it  will  be  ne- 
cessary to  integrate  from  ^  =  0  to  6  =  ir,  which  gives 


consequently 

'¥{u,v)=~  ii  u>v;     F(w,  r)=  -  if  f>u.    .    .    (10) 


U  ^    '     '         V 
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(2)  But  if  z>\/ {li'—v^),  we  shall  designate  by  6'  an  acute 
angle  such  that  we  have 

y/iu^  +  v^f—^^uH"^  cos''^  d'  =  z; 
and    it   will  be    necessary  to  integrate  only  from   6  =  6'  to 
6  =  77  —  6',  between  which  limits  YY'>z.     We  thus  tind 

F(u,v)  =  ^  [Vu^  +  v^  +  2uv  cos  6' - \/ii'  +  v^- 2uv  cos  6''] 

The  factor  in  brackets  having  for  its  square 

2u2h  2t;2- 2^/(^2  +  v'f-Wv' cos"' &  or  'Hxl^ ^v'-z), 
the  result  will  be 


Y{ll,  v)=  ^. 

2,uv 


(11) 


Let  us  now  suppose  that  the  number  of  collisions  is  required 
for  which  one  of  the  new  velocities  is  comprised  between  two 
given  numbers  x  and  x  +  clx  differing  very  little.  The  differ- 
ence 8  will  then  lie  between  two  numbers  z  and  z-\-dz  corre- 
sponding to  those  ;  and  consequently  the  number  sought  Avill 
be  again  the  value  (7)  of  m'.  If  z  corresponds  to  x,  the 
squares  of  the  new  velocities  being  x^,  u^ -\- v^ — x"^ ,  we  shall 
have  to  suppose  x^ <ii^  +  v^ ;  and,  moreover, 

(1)  If  X  is  the  greater  of  the  two  velocities,  2= 2a'^ — v^ — v'-, 

(2)  If  .r  is  the  smaller,  z=v?-\-v^  —  '2x'^. 

In  both  cases  it  will  be  necessary  to  take  dz  =  4:xdx,  the 
sign  —  found  in  the  second  signifying  merely  that  x  corre- 
sponded to  z  +  dz  and  x  +  dx  to  z. 

Calling  the  second  velocity  x',  x  and  x'  will  both  be  com- 
prised between  u  and  v,  or  both  not 
comprised,  according  to  whether  we 
have  ;j<  ov  >\/{ii^—v'^y^-  Indeed 
in  the  first  case  the  difference  of  the 
squares  of  the  velocities,  which  was 
+  {u'^—v^),  has  become  z,  or  has 
diminished  ;  the  velocities  have 
therefore  come  nearer  to  equality, 
whilst  in  the  second  they  have  re- 
ceded from  each  other.  It  will 
therefore  be  necessary  to  employ  B 
formula  (1(>)  in  the  first  case,  for- 
mula (11)  in  the  second. 

The  result  can  be  better  expressed 
by  regarding  u  and  v  as  rectangular 
coordinates  of  a  variable  point  P,  referred  to  the  axes  OU, 
OV,  the  point  being  in  the  angle  UOV.     The  quadrant  ACB 


V 

E 

F 

D 

^ 

U 
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has  0  for  its  centre,  x  for  its  radius  ;  the  straight  lines  A  F, 
B  D  are  parallel  to  the  axes.     We  shall  then  have 

m'  =  4.k'F{ii,v)xdx, (12) 

the  function  F  of  the  position  of  the  point  denoting: — 

(1)  If  P  is  interior  to  OACB     .     .  Y{ii,  r)  =  0; 

(2)  If  P  is  in  the  space  ACBEA,  .  F(w,  r)=:^ '*'  +  '"'"''' 


(3)  If  P  is  in  the  space  FED,   .     .  ¥{u,  v)  = 


uv 

X  ^ 

nv 


(4)  If  P  is  in  the  space  DEAU,     .  F(u,  v)  =  -; 


u 
1 

V 


(5)  If  P  is  in  the  space  FEBV,     .  Y{u,  v)-- 

In  fact,  for  OACB  we  have  m^  +  v^  <  a-^,  which  is  impossible. 
For  ACBEA,  ii<x  and  v<x;  for  FED,  u>x  and  v>x;  for 
both,  X  being  not  comprised  between  ii  and  v,  formula  (11) 
is  to  be  employed,  substituting  in  \i  z  =  2x'^ —v? —v'  in  the  first 
case  (where  x>x'),  wo.^ z=u^  +  v"^  —  '2x'^  in  the  second  (where 
x<x'). 

For  DEAU,  u>x  and  v<x\  for  FEBV,  v>x  and  u<x; 
in  both  cases  x  is  comprised  between  u  and  v,  and  formula  (10) 
is  to  be  employed. 

The  function  F(2<,  v)  is  continuous  in  value  but  not  in 
form. 

Fourth  Disposition. 

This  differs  from  the  third  only  in  this — that  the  velocity  u, 
common  to  the  molecules  of  the  first  kind,  is  in  all  directions, 
indifferently,  like  those  of  the  second  ;  in  the  same  manner, 
required  the  number  of  collisions  happening  only  between 
molecules  of  different  kinds. 

Let  us  divide  the  molecules  of  the  first  kind  into  groups  of 
which  the  velocities  correspond  to  the  various  elements  co  of 
the  typical  sphere.  On  reducing  the  first  kind  to  a  single 
group,  we  shall  be  brought  back  to  the  third  disposition,  except 

that  the  number  n  is  to  be  replaced  by  —,  and  the  numbers 
of  collisions  which  were  expressed  by  m,  m',  will  now  be  ex- 
pressed by  ^ — ,  — — ;  adding  up  these  values  for  all  the  groups, 
the  factors  m,  m'  remain  the  same,  and  we  have  only  to  add 

the  values  of  -r-,  which  gives  the  unit.    Consequcntlv  formulas 
47r  ° 


the  Molecular  Velocities  in  Gases.  61 

(6),  (8),  (9),  (12)  will  again  give  the  total  number  m  of  col- 
lisions between  the  molecules  of  different  species,  and  the 
number  in'  will  be  that  of  the  collisions  at  which  one  of  the 
new  velocities  is  comprised  between  x  and  .v  +  d.v. 

Fifth  Disposition. 

Let  us  now  pass  to  the  real  case,  in  which  the  velocities  are 
infinitely  variable.  Let  N  be  the  total  number  of  the  mole- 
cules of  a  gas.  On  making  the  velocity  vary  from  0  to  infinity 
by  equal  small  increments,  the  molecules  will  be  divided  into 
a  like  number  of  groups;  and  we  will  designate  by  N0(.v)cZ.<; 
the  numbers  of  those  whose  velocity  at  the  commencement  of 
the  time  t  is  comprised  between  x  and  w  +  d.v.  The  collisions 
against  the  sides  do  not  alter  the  velocity;  but  if  the  whole  of 
the  velocities  of  all  the  molecules  together  be  considered,  every 
collision  between  these  has  the  effect  of  suppressing  two  velo- 
cities and  creating  out  of  them  two  others.  The  number  of 
of  velocities  comprised  between  x  and  x  +  dx  which  are  sup- 
pressed during  the  time  t  is  that  of  the  collisions  which  have 
happened  between  the  single  group  numbering  ^(f)(.v)dx,  on 
the  one  hand,  and  all  the  groups,  on  the  other.  It  will  there- 
fore be  the  sum  of  the  values  of  m,  on  replacing  therein  n,  n/ 
by  ^(f)(.v)dx,  ^(}i(v)dv,  u  by  x,  and  making  v  to  vary  from  0 
to  infinity.  According  to  formulje  (G)  and  (8)  this  sum  will 
be  ~^'-aty^{x)dx,  putting 

■>lr{x)=<^{x)\  f{x,v)^{v)dv.     .      .      .      (13) 

As  to  the  velocities  comprised  between  x  and  x  +  dx  which 
are  created  during  the  time  t,  they  may  proceed  from  colli- 
sions happening  between  any  two  groups  whatever,  corre- 
sponding to  the  velocities  u  and  ti  +  du,  v  and  v  +  dv.  The 
number  sought  will  therefore  be  obtained  by  replacing  in  ex- 
pression (12)  n  and  ?/  by  l^(j>(u)du,  N0(i;)r/y,  then  adding 
those  values  of  the  result  which  correspond  to  all  those  of  u 
and  V.  In  this  way,  however,  every  possible  association  of 
two  groups  will  be  found  to  have  been  reckoned  twice;  so 
that  half  of  the  sum  must  be  taken.  According  to  formulae 
(6)  and  (12)  the  number  sought  will  be 

Watyjr'(x)dx, 
putting 

■^'{x)  =  2xy      I     F(u,v)(f){ii)(f)(v)dudv.    .    (14) 


«.  0     t,  0 


The  number  of  the  velocities  comprised  between  x  and  x  +  dx 
will  constantly  increase  or  decrease  until  the  instant  when  an 
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equal  quantity  is  suppressed  and  created  during  the  time  t; 
this  condition,  which  characterizes  the  final  state,  amounts  to 
■\lr(^.v)  =  yfr\,v).  The  function  (f)(A')  is  to  be  determined  so  as 
to  satisfy  the  preceding  equation  for  every  value  of  a;. 

The  unit  of  length,  at  first  chosen  arbitrarily,  must  now  be 
reduced  to  one  metre.  The  alteration  thence  resulting  in  the 
formulae  is  the  same  as  if  we  had  supposed  the  enclosure  a 
cubic  metre;  also,  whatever  this  enclosure  maybe,  it  amounts 
to  taking  for  N  the  number  of  molecules  contained  in  a  cubic 
metre. 

Accessory  Conditions. 

The  number  of  molecules  of  a  group  being  'S^{^x)dx,  on 
adding  it  for  all  the  groups,  N  will  be  found,  whence  it  follows 
that 

i    4>{x)dx=l (15) 

Jo 

Another  datum  is  furnished  by  the  value  of  the  pressure; 
this  for  a  portion  of  side  S  of  1  square  metre  has  for  its  value 
p=S/,  the  summation  extending  to  all  the  molecules  of  the 
medium, /being  for  each  its  normal  action  upon  S.  But, 
these  actions  being  intermittent,  it  is  preferable  to  replace  it 
by  its  mean  value  during  a  time  t,  this  being  short  enough 
for  the  passage  of  a  molecule  during  it  to  be  inconsiderable  in 
comparison  with  the  dimensions  of  the  enclosure.  "We  thus 
get 


.=  ]  2  [V 


«y'0 


The  quantity  \fdt  does  not  differ  from  0  for  a  mole- 
cule unless  it  strikes  the  side  during  the  time  t;  and  in  that 
case  it  measures  the  impulse  given  by  the  side  to  the  mole- 
cule— that  is,  2mv,  v  being  the  normal  component  of  its  velo- 
city.    Consequently 

2m  „ 

the  sum  2  extending  to  all  the  impacts  against  the  side  S 
during  the  time  t. 

Case  I.  Let  us  suppose  that  all  the  molecules  have  velocities 
h,  equal  and  parallel,  carrying  them  towards  the  side,  and 
making  with  the  normal  to  this  an  acute  angle  0.  In  this 
case,  for  a  molecule  to  produce  a  collision  it  must  at  the  com- 
mencement of  the  time  t  be  within  a  prism  having  S  for  its  base. 
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and  its  edp^es  of  the  length  lit  parallel  to  the  velocities:  its 
volume  being  lit  cos  6,  the  number  of  the  molecules  included 
in  it  is  'Nht  cos  9;  and  this  is  also  the  number  of  the  collisions. 
Moreover  v  =  hcosd,  whence  results 

p  =  2m'NP  cos"^  0. 

Case  II.  The  molecules  have  one  and  the  same  velocity  A, 
in  all  directions,  indifferentlv. 

Thej  will  be  divided  into  groups,  of  which  the  velocities 
correspond  to  the  various  elements   w   of  a  typical  sphere  ; 

and  we  shall  have  to  replace  N  by  N  j- ,  taking  for  co  a  thin 

zone  parallel  to  the  side.  We  shall  have,  as  we  have  seen, 
o>  =  27rsin  ^(7^;  and  on  integration  from  0  to  ^tt,  reckoning 
only  the  molecules  moving  towards  the  side,  we  get 

jo  =  mm2  fW  ^ .  sin  ^  .  de  =  ^ni^h''; 

a  known  formula,  often  deduced  from  other  considerations, 
and  from  which  is  derived  the  numerical  value  of  h. 

Case  III.  By  taking  account  of  the  inequalities  of  velocity, 
the  molecules  will  be  divided  into  groups.  The  number  of 
those  of  one  and  the  same  group  in  the  unit  of  volume  is 
'N(f)(.v)dx,  which  will  have  to  be  substituted  for  N;  and  on 
adding  the  result  for  all  the  groups,  we  get 


Hence  results 


/-•CO 

Jo 
r   .v-(j){,v)dx  =  h'' (16) 


Solution  of  the  Equation  '\/r(.?;)=-<|r'(,r). 

According  to  formula  (9),  the  function  f(zi,  v)  having  two 
distinct  forms,  the  integral  (13)  is  to  be  divided  into  two 
others,  which  gives 

<^(^)  =  <^(a,-)['(.r+  ^^cj>{v)dv  +  <j>{.v){     (^v  +  Qcf>(v)dv. 

In  the  same  way,  in  the  value  (14)  of '\|r'(.r),  dudv  can  be 
regarded  as  the  surface-element  of  the  plane,  and  the  integral 
can  be  divided  into  several  others  corresponding  to  the  differ- 
ent regions  of  the  figure.     According  to  the  values  (12)  of 
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F(wj  v),  we  shall  thus  get 

f '(.,■)  =  2...  \\h  \  '  ii^  du  +  2.  (■'*,  Ci^  dv 

where  X  corresponds  to  the  segment  ACBE,  so  that  we  have 
X=  f  ^F'(„),   F'(„)=  r        vfZ±ZE?^(,.)*).  (17) 

The  other  parts  of  the  value  of  -f '('^O;  ^'"'O  of  which  are  equal, 
decompose  into  products.     Putting 

1  V  '  ^  U  . '  _ 

g=  \     (})(v)dv=  \    (j>{u)du,      g'=  \    v^{v)dv, 
Jo  Jo  Jo 

we  get 

The  tirst  process  which  presents  itself  for  finding  <^{a')  con- 
sists in  assigning  to  it  the  form  of  a  series  a-^x  +  a^x^  +  a^c^  +  . . . ; 
we  must  then  put 

Jo  ^  Jo  ^       ' 

r   V(f>{v)dv  =  J/,    f'  =  f^'-  ('v(l>{v)dv. 
Jo  Jo 

^^(.r).  "^'{x)  will  thus  contain,  besides  the  constants  k,  k', 
only  finite  integrals.  The  value  of  X,  on  replacing  in  it  for 
the  integration  u  and  v  by  u'x,  v'x,  will  be  expanded  into 
a  series,  the  coefficients  containing  certain  definite  integrals 
easilv  reducible  to  one  another.  It  is  needless  to  give  the 
development  of  this  calculation,  which  is  very  complicated;  it 
is  only  necessary  to  remark  that  the  coefficients  a^,  a^,  as, 
&c.  are  all  expressed  as  functions  of  k  and  k'.  Consequently, 
if  a  function  is  expansible  according  to  the  powers  of  x, 
contains  two  indeterminate  parameters,  and,  when  taken  for 
(f){x),  satisfies  the  equation  ylr(^x)  =  -\lr\x),  that  will  be  the 
solution,  and  completely  so,  especially  if  it  is  expansible  into 
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a  convergent  series  for  every  value  of  x.  The  value  of  ^(.r) 
which  satisfies  all  these  conditions  is  the  following: — 

<P{x)  =  ux''e-P^% (19) 

e  being  the  base  of  the  Napierian  logarithms,  «  and  /3  two 
positive  arbitrary  constants.  It  is  expansible  into  series  for 
all  the  values  of  x  ;  and,  according  to  what  we  have  just  seen, 
to  verify  that  it  satisfies  the  equation  '\|r(.r)  =  '\/r'(.r)  sufl^ces: 
to  suppose  a=l  will  be  sufficient;  the  common  factor  a" 
vanishes  everywhere.     The  values  of/  &c.  then  become 

g  =  yv-'e-^"'  dv,     g'  =  fVe-^"'  dv 

«,  0  Jo 

(which  cannot  be  found  in  a  finite  form),  then 

/=  I     e-^^''v  dv=  ^  e-^'\    f  =  j     e-P"'v  dvxv"^; 
fory''  the  indefinite  partial  integral  is 


v"" 


6-^"^+  ^\  e'^^-vdv, 


or  between  the  limits 

•^       2/3  '        ^  ^      \2/3  +  2/3V 
On  substituting  these  values  of/,/',  formulas  (18)  become 

and  on  putting 
we  get 

Then  formula  (17)  becomes 
X=  ^\ie-^-'^'{u)du,     r'(»)  =  r" V(y-^v'-x'')e-^-'vdv. 

Jo  J  Vj:2-«2 

Taking  for  the  variable 

\/u'^  +  v'^-^x'^=y,  whence  v^  =  x'^  —  u"^ ■\- y"^ ,  vdv=ydy, 
Phil.  Mag.  S.  5.  Vol.  13.  No.  78.  Jan.  1882.  F 
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we  get 

Jo  «.  0 

putting 

«^o 
The  indefinite  partial  integral  is 

and  between  the  limits  there  results 

On  substituting  in  the  above  value  of  "^"{x)  we  have 

Finally,  partial  indefinite  integration  gives 


v^ 


g' =  -  ^e-^^"'  ■\- 


y--'*, 


or,  between  the  limits, 

whence  results  identically 

'\|r^''(,t-)  =  0,  and  consequently '«/r(a?)  =  '«/r'(^). 

Formula  (19)  therefore  well  represents  the  law  of  the  velo- 
cities; and  «,  ^  will  be  found  on  substituting  it  in  equations 
(15)  and  (16),  which  gives 

I  Jo 

it  will,  however,  be  simpler  to  employ  the  number  h,  putting 

K'  =  ^h'%  or  //  =  /Vf  =  0-827;, 
The  knoA^Ti  integral 


f 


-^''dx= 


v/.—  v^"^ 


.     ...        2 


gives,  on  replacing  x  by  x\/ fS  and  differentiating  twice  with 
respect  to  /S, 

fV^-YZa;=^,    fVe-^-VA-=^,    rV^-^Ur=5^. 
Jo  2i//S'   Jo  4y8f    Jo  b/y|' 

the  above  relations  thus  become 


"V^*^   _l       ^"^'^  _  r^7/2    whence  ;S-  —       a  -  " 


/ 
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if  we  put 


a'  = 


v/tt 
Therefore  the  law  of  the  velocities  is 

a'        -^ 

The  maximum  of  this  expression  corresponds  to  a:=h'.  It 
seems  as  if  the  velocities  for  certain  groups  might  become  in- 
definitely great;  but  this  is  only  apparent.  Indeed,  let  /x  be 
the  proportion  of  the  molecules  whose  velocity  exceeds  nh', 
n  being  a  number  containing  several  units,  we  shall  have,  on 
changing  x  into  h'y, 

%)  nh'  «y  n 

or  on  partial  integration 

'^,=ine-^  +  ^re-f-dy, 
or 

J-»QO  /-»Q0-|  /^  CD    -i 

^~'" dy=     - ^~'"y ^y  <\   z, ^~'"y ^y^ 

consequently 

For  n  =  10  or  x  >  Sh,  about,  this  view  of  /j,  only  commences 
at  the  43rd  decimal;  and  the  theory,  established  for  numerous 
groups,  cannot  be  extended  to  some  singular  cases  in  which 
only  one  or  two  molecules,  perhaps,  would  be  concerned.  The 
high  velocities  can  only  be  brought  about  by  a  series  of  col- 
lisions favourably  arranged  by  chance.  It  is  quite  otherwise 
with  very  low  velocities,  which  a  single  collision  can  produce. 

The  proportion  fi'  of  the  velocities  below  a  certain  value  of 
rx  .   X  . 

X  is  yu,'=  I    ^{x)dx;  and  if  jy  is  small,  the  exponential  can  be 

«,  0 

replaced  by  unity,  which  gives 


•-  0 

h' 
For  example,  the  proportion   of  the  velocities  below  —  is 

about  0-00075.  1^ 
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VII.   The  Beats  of  Mistimed  Consonances. 
By  Professor  Silvai^us  P.  Thompson,  B.A.,  D.Sc. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

IN  a  letter  published  iu  your  December  Number  Mr.  Bosan- 
qiiet  laments  that  his  labours  upon  the  beats  of  mistuned 
consonances  have  been  thrown  away  upon  me,  because  I  have 
ventured  to  criticise  two  points  iu  his  valuable  and  interesting 
researches. 

These  points  are,  first,  his  misuse  of  the  word  "  subjective  " 
as  applied  to  the  phenomena  in  question  ;  and,  second,  the 
priority  of  Dr.  Konig  in  the  analysis  of  the  phenomenon  so 
far  as  it  can  yet  be  said  to  be  analyzed,  to  the  credit  of 
which  Mr.  Bosanquet  lays  a  direct  claim. 

I  will  deal  with  Mr.  Bosanquet's  objections  separately, 
merely  observing  that  it  would  indeed  be  a  pity  if  "  the 
credit"  of  any  discovery  to  which  Mr.  Bosanquet  is  entitled 
could  be  "  taken  away  by  a  careless  sentence  "  of  mine. 

Mr.  Bosanquet's  attempt  to  defend  his  use  of  the  word 
"  subjective,"  as  applied  to  the  ditference-tones  or  beat-notes, 
is  virtually  an  admission  of  the  very  point  for  which  I  contend. 
By  way  of  defence,  he  retires  behind  the  shelter  of  Helmholtz 
and  of  Mr.  Ellis,  who,  it  appears,  have  lapsed  into  the  same 
laxity  of  language.  On  reading  Mr.  Bosanquet^s  reference  to 
Helmholtz,  I  immediately  turned  to  p.  234  of  Ellis's  transla- 
tion (the  only  edition  at  hand  at  the  moment),  and  found 
that  I  had  underlined  the  word  in  pencil,  and  had  added  in 
the  margin  "  sic  "  by  way  of  protest.  But  whether  Mr.  Bosan- 
quet sins  in  good  company  or  not,  I  am  still  of  opinion  that 
it  is  unwarrantable  to  apply  the  term  "  subjective  "  to  that 
which  has  a  physical  existence  independently  of  the  conscious 
"  ego,"  or  of  the  brain  through  which  consciousness  works. 
The  ear  is,  as  I  have  said  elsewhere,  only  a  complex  resonator; 
and  any  other  suitable  resonator  will  also  respond  to  the  tones 
in  question,  provided  it  possesses  the  asymmetry  of  its  parts 
which  is  necessary  for  the  development  of  those  tones.  To 
speak  of  such  tones  as  subjective  is  a  palpable  abuse  of  the 
term.  But  I  really  do  not  require  to  insist  further  on  this 
point  if,  as  Mr.  Bosanquet  says,  he  does  not  believe  "  tnuch  " 
in  the  "  advancement  of  clearness  by  the  employment  of  words 
very  strictly  defined." 

Secondly,  as  to  Konig's  priority  in  the  observation  that  the 
beats  of  imperfect  consonances  consist  of  variations  in  the 
intensity  of  the  lower  of  the  two  tones.  This  observation  Mr. 
Bosanquet  says  was  "  unquestionably  "  first  obtained  by  him- 
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self.  For  Mr,  Bosanquet^s  sake  I  regret  that  the  tone  of  his 
letter  leaves  me  no  alternative  but  to  produce  the  evidence 
upon  which  I  deliberately  assigned  priority  to  Dr.  Konig. 

Mr.  Bosanquet  appears  to  have  read  Konig^s  papers  ;  for  he 
says  he  "  knew  "  them  "  intimately,"  and  that  "  there  was  no 
vestige  of  guidance  in  them  on  the  subject ;"  that  ''  Konig 
never  analyzed  his  beats,  and  never  enunciated  any  opinion 
whatever  as  to  the  notes  of  whose  variation  the  beats  consist, 
except  in  the  one  case  of  the  octave  ....  where  he  says  that 
fundamental  and  octave  are  heard  alternately." 

There  lie  before  me  at  this  moment  the  Annalen  of  Poggen- 
dorflf  for  the  year  1876  (Bd.  clvii.)  It  is  true  that  Konio- 
states  therein  that  the  two  primaries  are  alternately  heard ; 
but  that  he  traced  this  alternation  to  its  true  cause  is  shown 
by  the  very  paragraph  in  which  this  statement  occurs.  I  quote 
from  p.  188  of  the  volume  of  the  Annalen,  italicizing  the  words 
which  Mr.  Bosanquet  appears  to  have  overlooked  when  he  says 
that  Konig  did  not  analyze  or  enunciate  any  opinion,  and  that 
Konig  only  touched  the  case  of  the  octave. 

"  Eine  Eigenthiimliehkeit  der  Stosse  harmonischer  Intervalle 
besteht  noch  darin,  das  die  beiden  primiiren  Tone  abwechselud  her- 
vortreteu.  Lasst  man  neben  dem  starken,  grossen  C  das  nur  um 
eiuen  geringeu  Theil  eiuer  Schwiiiguug  verstirauite  kleiiie  c  ertonen, 
so  dass  sich  sehr  laugsame  Stosse  bilden,  so  bcirt  man  abwechselnd 
einmal  den  Gruiidtou  und  eiumal  die  Octave  so  deutlich  bervor- 
treten,  dass  man,  weun  das  kleiue  c  selir  stark  ist,  niitimter  genei^t 
seyn  konnte,  jede  Schwebung  doppelt  zu  ziihlen.  Ist  das  kleine  c 
dagegen  schwach,  so  hort  man  nur  den  Grundton  abwechselnd  starker 
und  schwdcher  luerden.  Granz  dieselbe  Beobacbtimg  babe  ich  auch 
bei  den  sebr  laugsamen  Stossen  der  Duodecime,viY\d  der  Doj)peloctave, 
C:  g  uud  C :  c'  machen  kounen,  aber  bei  nur  einigermassen  schuellen 
Schwebungen  liisst  sich  das  periodische  Hervortreten  des  boheren 
Tones  uicht  mehr  wahrnebmen." 

It  is  the  more  remarkable  that  Konig's  insight  into  the 
cause  of  the  alternation  mentioned  in  the  first  sentence  of  the 
paragraph  quoted  above  should  have  escaped  Mr.  Bosanquet's 
notice,  since  three  months  before  the  publication  of  Mr.  Bosan- 
quet^s  paper  in  the  Philosophical  Magazine  Konig  had  pub- 
lished another  very  important  paper  in  Wiedemann's  Annalen 
(Bd.  xii.  1881,  p.  337),  in  which  the  results  of  a  reexamina- 
tian  of  the  very  point  in  question  are  most  unequivocally  laid 
down.  I  quote  the  passage  from  p.  341,  again  italicizing  the 
important  words. 

"  Eegulirt  man  ferner  die  Intensitat  der  beiden  Toneeines  alte- 
rirten  harmoniscben  lutervalls  in  der  Weise,  dass  die  Stosse  am 
deutbchsl en  hervortreten,  so  miissten,  wenu  sie  durcb  den  boheren 
primaren  Ton  uud  eiuen  im  Obre  erzeugten  harmoniscben  Oberton 
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des  tieferen,  also  durch  zwei  Tone  im  Einklang  gebildet  waren, 
diese  Stosse  auch  auf  diesen  Oberton  gehort  werdeu,  man  uimmt 
aber  gerade  das  Gegentlieil  wahr,  d.  h.  das  der  Grundton  seine  In- 
tensit'dt  periodisch  dndert  und  dahei  nur  in  den  Momenten  grosster 
Schwdchung  den  Jwheren  Ton  hervortreten  Idsst,  ivie  ich  fr'uher 
bescJirieben." 

Witli  Mr.  Bosanquet's  permission,  I  will  translate  the  words 
in  whicli  Dr.  Konig  states  what  he  observes,  namely  that "  the 
fundamental  tone  alters  its  intensity  periodically,  and.  thereby 
allows  the  higher  tone  to  come  out  only  in  the  moments  of  greatest 
enfeehlement,  as  I  formerly  described. 

I  will  leave  to  your  readers  to  decide  whether  the  alleged 
injustice  of  my  "  careless  sentence  "  is  objective  or  subjective 
in  character;  or  whether  credit  for  discovery  is  one  of  those 
terms  in  the  strict  definition  of  which  we  are  not  to  believe 
"much."  I  remain,  Gentlemen, 

Yours  faithfully. 

University  College,  Bristol,  SiLYAXUS  P.  THOMPSON. 

December  19t]i,  1881. 

VIII.  Proceedings  of  Learned  Societies. 

GEOLOGICAL  SOCIETY. 

[Continued  from  vol.  xii.  p.  75.] 
K'ovember  2,  1881.— Eobert  Etberidge,  Esq.,  F.E.S.,  President, 

in  the  Chair. 

THJE  following  comrminications  were  read : — 
1.  "On  the  Genus  iStoliczJcaria,  Dune,  and  its  Distinctness 
from  Parheria,  Carp,  and  Brady."    By  Prof.  P.  Martin  Duncan,  M.B. 
Lond.,  E.E.S.,  F.G.S.,  Pres.  K.M.S. 

2.  "  On  the  Elasticity-  and  Strength-constants  of  Japanese 
Rocks."  By  Thomas  Grav,  Esq.,  B.Sc,  E.R.S.E.,  and  John  Milne, 
Esq.,  F.G.S. 

In  this  paper  the  authors  described  the  results  of  some  experi- 
ments made  to  determine  the  elasticity-constants  and  strength 
against  rupture  and  crushing  of  a  few  of  the  commoner  Japanese 
rocks,  their  chief  object  being  to  obtain  data  for  calculating  the 
theoretical  velocities  of  earthquake-wave  transmission.  The  rocks 
submitted  to  experiment  were  a  grey  granite,  a  pure  white  crystal- 
line marble,  a  greyish-green  soft  tuff,  a  mottled  clay-rock,  and  clay- 
slate. 

Young's  moduli  were  determined  by  the  bending  of  solid  cylin- 
ders of  the  rocks  in  an  apparatus  described  and  figured ;  the 
deviations  produced  were  read  by  means  of  the  reflection  from  a 
mirror,  which  magnified  them  more  than  200  times.  The  process 
for  determining  the  rigidity  was  also  described  and  illustrated  by  a 
figure  ;  and  the  experiments  in  crushing  were  made  upon  columns 
of  stone   by  means  of  a  Bramah  press.      In   experiments  on  the 
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rupture  of  the  columns  there  was  no  marked  deviation  from  the 
proportionality  of  strain  to  stress  up  to  the  breaking-point,  except  in 
the  case  of  the  marble.  In  crushing,  the  authors  obtained  con- 
siderably lower  moduli  than  those  quoted  in  tables  for  similar  rocks  ; 
and  as  theu*  experiments  were  performed  upon  columns  about  three 
times  as  long  as  their  diameter,  thej'  repeated  them  upon  columns 
of  marble  varying  in  length  from  one  half  to  six  times  the  thickness. 
The  results  seemed  to  show  that  the  short  specimens  were  the 
weakest ;  but  there  was  little  difference.  The  authors  give  the 
formulae  by  which  they  worked  out  the  results  of  each  series  of 
experiments,  and  bring  together  the  mean  results  in  a  tabular  form. 

3.  "The  Glacial  Deposits  of  West  Cumberland."^  By  J.  D. 
Kendall,  Esq.,  C.E.,  F.G.S. 

The  author  gave  a  brief  sketch  of  the  physical  geography  of  the 
district  and  of  the  distribution  of  the  more  remarkable  and  easily 
recognized  varieties  of  rock.  The  glacial  deposits,  viz.  Boulder- 
clays,  sands,  and  gravels,  occupy  mainly  the  area  of  low  ground 
skirting  the  hills,  extending  upward  to  a  height  of  about  oUO  feet 
above  the  sea ;  above  that  contour-line  they  only  occur  in  isolated 
patches  or  tongue-like  prolongations  up  valleys  to  elevations  oc- 
casionally of  about  1000  feet.  The  deposits,  where  fully  developed, 
consist  of  Upper  Boulder-clay,  Middle  Sand  and  Gravel,  and  Lower 
Boidder-clay ;  together  they  sometimes  attain  a  thickness  of  from 
100  to  about  130  feet.  Certain  peculiarities  in  the  distribu- 
tion of  the  deposits  were  described.  The  tripartite  arrangement 
never  occurs  in  the  valleys  in  the  mountainous  district.  Boulder- 
clays,  indeed,  sometimes  occur  here;  but  sands  are  more  common. 
The  distribution  of  tlie  boulders  from  the  more  remarkable  rocks  was 
described  ;  tables  of  these  were  given,  as  also  of  the  maximum  height 
above  the  sea  at  which  each  occurs.  The  origin  of  the  deposits  was 
next  discussed.  The  author  is  of  opinion  that  the  presence  in  the 
Lower  Boulder- clay  of  boulders  derived  from  such  widely  different 
sources  can  only  be  explained  by  floating  ice,  but  that  the  cor- 
respondence of  the  materials  of  the  clay  with  rocks  in  the  vicinity 
shows  that  glacier-mud  produced  the  finer  elements.  The  Middle 
Sand  and  Gravel  he  considers  due  to  denudation  of  the  above 
materials  during  a  period  of  emergence.  The  Upper  Boulder-clay 
he  attributes  to  a  second  period  of  submergence  corresponding 
generally  in  its  conditions  with  the  former  one.  The  gravel  mounds 
are  probably  caused  by  the  stranding  of  bergs  at  the  end  of  this 
period. 

November  16. — E.  Etheridge,  Esq.,  E.E.S.,  President,  in  the  Chair. 

The  following  communications  were  read: — 

1.  Additional  Evidence  on  the  Land  Plants  from  the  Pen-j'-glog 
Slate-quarry,  near  Corwen."     By  Henry  Hicks,  Esq.,  M.D.,  E.G.S. 

2.  "  Notes  on  Prototaxitea  and  Pacliytluca  from  the  Denbighshire 
Grits  of  Corwen,  Xorth  "Wales."  By  Principal  Dawson,  LL.D., 
F.E.S.,  E.G.S. 
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IX.  Intelligence  and  Miscellaneous  Articles. 

ON     THE  DETERMINATION  OF  THE   ILLUMINATING-POWER  OF  THE 
SIMPLE  RADIATIONS.      BY  MM.  A.  CROVA  AND  LAGARDE. 

ONE  of  the  most  delicate  problems  of  photometry  is  the  mea- 
surement of  the  illuminating-power  of  lights  of  different  tints. 
One  of  us  has  already  indicated*  how  this  question  might  be  solved, 
by  employing  a  spectrophotometer.  That  solution  supposes  that 
the  coefficients  of  illumination  of  the  different  simple  radiations 
composing  the  light  which  is  to  be  compared  are  known. 

If  the  determination  of  the  radiant  energy  of  a  vibration  of  a 
determined  wave-length  can  be  expressed  exactly  in  thermal  or 
mechanical  units,  that  of  its  illuminating-power  admits  of  all  the 
uncertainties  inherent  to  the  measurement  of  physiological  sensa- 
tions variable  with  each  eye.  There  exists  no  known  relation  be- 
tween these  two  quantities ;  we  have  therefore  to  commence  by 
seeking  out  what  are,  for  a  determined  eye,  the  illuminating- 
powers  of  the  various  simple  radiatious  of  the  normal  spectrum  of 
two  sources  of  light — the  sun,  and  the  Carcel  standard. 

The  best-known  treatise  on  this  subject  is  that  of  JFraunhofert 
on  the  Sun ;  the  results  obtained  by  him  are  not  very  concordant. 
The  following  is,  briefly,  the  method  which  we  have  followed. 

The  illuminating-power  of  a  sim.ple  light  may  be  regarded  as  the 
property  possessed  by  the  latter  of  reiaderiug  distinguishable,  upon 
a  white  screen  illumined  by  it,  minute  details  (lines,  characters) ; 
it  will  be  possible  to  measure  them  approximately,  as  several 
physicists  have  done,  by  weakening  this  light  mitil  the  characters 
can  no  louger  be  distinguished,  and  takiug  the  ratio  of  the  initial 
intensity  to  this  limit  of  intensity.  The  absolute  value  of  these 
numbers  will  vary  with  the  fineness  of  the  characters ;  but  their 
ratio  will  be  sensibly  constant,  and  will  depend  only  on  the  wave- 
length of  the  light  examined. 

The  light  to  be  studied  (sun  or  Carcel  standard)  is  received  per- 
pendicularly upon  the  slit  of  a  spectrophotometer  covered  with  a 
strip  of  glass  on  which  is  photographed  a  series  of  very  fine  and 
verv  close  dividing-lines  ;  the  direction  of  these  lines  cuts  the  slit 
normally.  A  pure  spectrum  is  then  seen  furrowed  by  a  consider- 
able number  of  very  fine  longitudinal  striae.  If  the  ocular  slit  of 
the  telescope  be  brought  onto  a  region  of  the  spectrum,  the  simple 
radiations  comprised  between  two  very  close  known  limits  are 
isolated ;  and  by  a  suitable  rotation  of  the  nicol,  their  intensity  is 
weakened  until  the  strice  cease  to  be  perceptible.  The  phenomenon 
of  the  disappearance  of  the  strife  is  more  delicate  than  one  would 
have  at  first  been  inclined  to  believe ;  by  practice  one  arrives  at 
being  certain  about  the  degree  or  the  fraction^  of  a  degree,  ac- 
cording to  the  region  of  the  spectrum. 

1.  We  have  traced  the  curve  of  the  wave-lengths  as  functions 
of  the  divisions  of  the  micromete}*,  and  calculated  its  equation  by 

*  Comptcs  Betidus,  t.  xciii.  p.  512 ;  Phil.  Mag  Dec.  1881,  xii.  p.  445. 
t  Gilbert's  Anmtlen,  xxvi.  p.  297  (1817). 
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the  method  of  least  squares.  The  derivate  of  that  equation  gives, 
for  each  wave-length,  the  factor  by  which  the  intensities  of  the 
prismatic  spectrum  must  be  multiplied  to  reduce  them  to  those  of 
the  normal  spectrum. 

2.  "We  have  measured  for  wave-leugths  comprised  between  480 
and  740,  at  intervals  of  20  units,  the  rotations  which  cause  the 
vanishing  of  the  striae. 

3.  The  variations  of  the  Carcel  standard  are  corrected  so  as  to 
reduce  the  intensity  to  the  constant  value  corresponding  to  the 
consumption  of  42  grams  per  hour  ;  for  this  we  made  use  of 
M.  Deleuil's  automatic  balance,  which  I'egisters,  during  the  time 
of  the  experiments,  the  successive  times  requu-ed  for  burning 
10  grams  of  oil.  The  solar  light  was  diffused  by  a  wooden  screen 
whitened  with  carbonate  of  magnesia.  A\''e  operated  when  the  sky 
was  very  clear,  about  noon. 

4.  The  prismatic  curves  have  been  reduced,  as  we  have  said,  to 
the  normal  spectrum ;  and,  lastly,  the  absolute  maximum  being 
set  off  upon  the  curve,  we  have  reduced  the  ordinates  to  those 
corresponding  to  a  maximum  equal  to  100. 

The  curves  obtained  are  tangents  at  their  two  extremities  to  the 
axis  of  the  wave-lengths  ;  they  rise  at  first  slowly,  afterwards  very 
quickly  in  the  vicinity  of  the  maximum.  For  the  lamp,  the  curve 
is  nearly  symmetrical  on  both  sides  of  the  maximum.  For  the 
sun,  the  ascent  and  descent  are  more  rapid  than  for  the  lamp  ;  the 
descent  towards  the  violet  is  more  rapid  than  the  ascent  on  the 
red  side. 

The  following  results  are  deduced  from  the  two  most  regular 
series,  selected  from  amongst  numerous  determuiations  : — 

Wave-length 740 

Illuminating-  f  Lamp 
powers    ...\  Sun . . . 

Ware-length 580 

Illuminating-  f  Lamp 
powers    . . .  \  Sun . . 

The  maximum,  =100,  corresponds,  for  the  lamp,  to  the  radiation 
592,  and  for  the  sun  to  564. 

The  discussion  of  these  results  leads  to  conclusions  which  are 
in  accordance  with  the  theory  of  the  emission  of  the  radiations 
emitted  by  incandescent  bodies  *. 

The  numbers  obtained  require  a  slight  correction,  on  account  of 
the  absorption  exerted  towards  the  violet  by  the  material  of  the 
prisms.  We  purpose  to  continue  these  determinations  with  prisms 
exerting  no  appreciable  absorption  upon  the  visible  radiations. — 
Comptes  Rendus  de  V Academic  des  Sciences,  Dec.  5,  1881,  t.  xciii. 
pp.  959-961. 

*  Journal  de  Physique,  viii.  p.  357. 
Phil  Mag.  S.  5.  Vol.  13.  No.  78.  Jan.  1882.  G 
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THE  PHOTODYNAMIC  PARABOLOID. 
BY  PLINY  EARLE  CHASE,  LL.D. 

In  the  Philosophical  Magazine  for  September  1876  I  referred 
to  evidences  of  parabolic  influence  between  a  Centauri  and  Sun, 
The  entire  series  of  paraboloidal  abscissas  may  be  found  in  the 
Proceedings  of  the  American  Philosophical  Society  for  June  17, 
1881*. 

Newcomb  gives  estimates  of  the  parallax  of  a  Centauri,  which 
range  between  0"*48  and  1"*96.  The  mean  of  Henderson's  obser- 
vations in  1832-33,  as  deduced  by  himself,  was  1"*16  +  *11. 
Peters,  from  the  same  observations,  found  1"'14  +  *11.  Henderson 
obtained  0""913  from  Maclear's  observations  in  1839-40 ;  Peters, 
0"-967± -064  from  the  same ;  Maclear,  0"-919±-034  from  decli- 
nations in  1842,1844,  and  1848;  Moesta,  0"-S80  +  -068  from 
declinations  in  1860-64.  There  is  therefore  an  uncertainty  as  to 
the  actual  distance,  of  the  same  order  of  magnitude  as  planetary 
eccenti'icities.  If  this  fact  should  be  thought  to  diminish  the 
probability  of  a  kinetic  bond  between  the  photod\Tiamic  paraboloid 
and  the  fixed  stars,  it  will  be  well  to  bear  in  mind  the  following 
considerations  : — 

1.  If  there  is  an  all-pervading  interstellar  medium,  which  is  both 
material  and  elastic,  all  its  persistent  oscillations  must  he  cyclically 
harmonic  in  some  shape  or  other. 

2.  All  such  permanent  rhythmical  oscillations  must  he  depen- 
dent upon  or  associated  with  permanent  masses  and  velocities. 

3.  The  mass  and  velocity  from  which  the  paraboloidal  abscissas 
were  deduced  are  Sun's  mass  and  the  velocity  of  light. 

4.  The  coordinates  indicate  a  solar  motion  in  space  which  accords 
closely  with  Herschel's  estimated  velocity  f. 

5.  The  abscissas  touch  regions  of  incipient  subsidence,  which 
explain  the  formation  of  the  several  planetary  belts,  in  accordance 
with  Herschel's  interpretation  of  the  nebular  hypothesis. 

6.  The  abscissas  are  manifoldly  grouped  in  ways  that  are  phyl- 
lotactically  and  otherwise  harmonically  symmetrical,  as  might  be 
looked  for  in  a  medium  like  the  supposed  luminiferous  aether. 

7.  The  last  phyllotactic  abscissa,  Agg,  is  a  fourth  proportional  to 
Sun's  semidiameter,  Laplace's  limit  of  synchronous  solar  rotation 
and  revolution,  and  the  modulus  of  hght  at  Sun's  surface. 

8.  The  paraboloid  fixes  Sun's  position  relatively  to  some  other 
important  stars  in  the  Milky  Way. 

9.  These  are  the  most  far-reaching  indications  of  an  unbroken 
chain  of  kinetic  influences  that  have  ever  been  published. 

10.  Being  based  upon  the  greatest  mass  and  the  greatest  inter- 
cosmical  velocity  of  which  we  have  any  measurable  knowledge, 
the  law  of  parsimony  gives  an  a  jpriori  presumption  that  the  chain 
may  extend  to  other  masses  of  a  like  order  of  magnitude  with  Sun. 

11.  The  next  abscissa  to  the  solar  phyllotactic  series,  A^g,  is  in 

*  Vol.  xix.  pp.  447,  448. 

t  Proc.  Amer.  I'liil.  Soc,  Nov.  4,  1881. 
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the  region  of  the  fixed  stars,  its  locus  being  (\\ithin  the  limits  of 
probable  error)  the  same  as  that  of  a  Centauri. 

12.  The  accordance  of  the  terminal  locus  with  that  of  a  Cen- 
tauri may  be  exact ;  it  is  almost  impossible  that  the  deviation  from 
precise  accordance  can  be  so  great  as  8  per  cent. ;  and  such  a  devia- 
tion could  be  easily  explained  by  stellar  orbital  motions. 

13.  The  second  stellar  abscissa,  A^^,  indicates  a  distance  corre- 
sponding to  Bessel's  estimate  of  the  parallax  of  61  Cygni. 

14.  Whatever  may  be  thought  of  the  last  three  indications,  the 
first  ten  are  clear,  unmistakable,  and  incontrovertible. 

Haverford  College,  Nov.  15,  1881. 


ON  THE  ACTION  OF  COLD  UPON  THE  GALVANIC  AKC. 
BY  D.  TOMMASI. 

"When  the  galvanic  arc  springs  between  two  metallic  rheophores, 
of  copper  for  instance,  formed  each  of  a  tube  bent  in  the  shape  of 
a  U,  through  which  a  rapid  stream  of  cold  water  flows,  and  placed 
horizontally  one  opposite  to  the  other,  the  following  facts  are 
observed  : — 

(1)  The  illuminating-power  of  the  arc  is  considerably  weakened  ; 
it  is  reduced,  so  to  say,  to  a  mere  luminous  point,  even  when  a 
very  intense  electric  current  is  employed  (50-75  Bunsen  elements, 
large  size). 

(2)  The  arc,  if  it  can  be  called  so,  is  very  unstable  ;  the  slightest 
breath  suffices  to  extiuguish  it*. 

(3)  If  a  sheet  of  paper  be  placed  over  the  arc,  at  a  distance  of 
4  or  5  millim.,  after  a  few  moments  a  black  point  is  seen  to  be 
produced,  which  extends  and  is  at  last  perforated  ;  but  the  paper 
does  not  take  fii'e. 

(4)  The  arc  is  constituted  by  a  luminous  globule  moving  up  and 
down  between  the  two  rheophores.  The  form  of  this  globule,  as 
well  as  its  extreme  mobility,  causes  it  to  resemble  very  much  a 
drop  of  liquid  in  the  spheroidal  state. 

(5)  If  the  south  pole  of  a  magnetized  bar  be  brought  near  to  the 
galvanic  arc,  the  arc  is  attracted  and  approaches  the  magnet  so  that 
at  length  it  leaves  the  rheophores  and  is  extinguished.  The  same 
phenomenon  is  observed,  but  in  a  contrary  direction,  on  bringing 
the  north  pole  of  a  magnet  towards  the  arc. 

(6)  The  amount  of  ozone  seems  to  be  greater  than  when  the  arc 
is  not  cooled. 

It  is  to  be  remarked  that,  in  spite  of  the  cooling  of  the  rheo- 
phores, the  flame  of  the  arc  is  slightly  green,  proving  that  a  portion 
of  the  copper  burns.  Hence  one  is  entitled  to  ask  if  the  arc  would 
be  produced  by  taking  as  rheophores  two  platinum  tubes  in  which 
alcohol  cooled  to  30°  C,  for  example,  was  caused  to  circulate. — 
Comptes  Rendus  de  VAcad^nie  des  Sciences,  Nov.  7,  1881,  t.  xciii. 
p.  716. 

*  The  instability  is  such  that  it  cannot  ignite  a  match  without  being 
extinguished  itself. 


7G  Intelligence  and  Miscellaneous  Articles. 

ON   THE    VARIATIONS    OF   THE    RESISTANCE    OF   ELECTRICAL 

MACHINES  WITH  THEIR  VELOCITY.  BY  M.  E,  LACOINE. 
It  is  kno'^Ti  that  the  resistance  of  magneto-  and  dynamoelectrical 
machines  is  not  constant,  but  increases  with  their  velocity.  The 
experiments  of  which  I  am  about  to  give  an  account  to  the  Aca- 
demy afford  ground  for  thinking  that  these  variations  of  the  resis- 
tance are  to  be  explained  by  those  of  the  contact  between  the 
movable  commutator  and  the  rubber-springs. 

I  employed  a  copper  cylinder  5  centim.  in  diameter,  with  longi- 
tudinal grooves  resembling  the  insulating  ones  of  a  Gramme's  com- 
mutator. Upon  this  cylinder,  at  two  diametrically  opposite  points, 
rub  two  steel  springs  which  form  the  terminations  of  the  two  ex- 
tremities of  a  circuit  comprising  a  batteiy,  a  telephone,  and  a 
galvanometer  to  measure  the  resistances.  The  resistance  of  the 
circuit  was  : — 

ohms. 

At  rest 68 

With  the  velocity  of  2000  rotations 183 

4000         „       900 

,,  „  about  5000         „       1567 

With  a  very  high  velocity  not  measured     2900 

The  sound  given  by  the  telephone  was  the  louder  and  shriller 
the  greater  the  velocity. 

In  this  first  series  of  experiments  every  spring  touched  the 
cylinder  over  a  space  of  three  grooves  ;  on  making  them  touch 
over  a  greater  extent  (eight  grooves),  less  sensible  variations  are 
obtained. 

For  each  velocity  the  resistance  diminishes  when  the  pressure 
of  the  spring  is  increased.  It  is  possible  even  to  reach  a  pressure 
sufficient  to  suppress  all  microphonic  effect  and  stop  all  sound  in 
the  telephone. 

I  have  since  modified  the  apparatus,  and  substituted  for  the 
fluted  cylinder  one  of  the  same  diameter  but  with  its  surface 
smooth.  I  obtained  the  same  effects  with  a  very  little  higher 
velocity.  Instead  of  making  the  springs  touch  on  the  cylindrical 
portion,  I  caused  them  to  press  upon  the  plane  lateral  portion ; 
the  same  results  were  observed. 

The  measurements  which  I  have  taken  give  me  reason  to  believe 
that,  for  one  and  the  same  pressure  of  the  springs,  the  increase  of 
the  resistance  is  proportional  to  the  cube  of  the  velocity  ;  but  it 
would  be  necessary  to  repeat  these  experiments  with  means  which 
were  wanting  to  me  at  Constantinople,  in  order  to  be  assured  of  a 
constant  velocity  and  to  measure  it  exactly. 

I  will  conclude  by  saying  that  with  the  telephone  a  more  intense 
sound  is  heard  when  the  intensity  of  the  current  is  less  ;  hence  I 
conclude  that  the  sound  given  by  a  telephone  placed  in  the  circuit  of 
a  Gramme  machine  is  not  due  merely  to  the  undulatory  variations 
of  the  current,  but  also  to  the  microphonic  effect  of  the  commu- 
tator.— Comptes  Menclus  de  VAcademie  des  Sciences,  December  5, 
1881,  t.  xciii.  pp.  958,  959. 
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X.  On  Integrating  and  other  Apparatus  for  the  Measurement 
of  Mechanical  and  Electrical  Forces.  By  C.  Vernox  Boys, 
A.R.S.M.,  Demonstrator  of  Physics  in  the  Normcd  School 
of  Science,  South  Kensington*. 

[Plates  in.,  IV.] 

"TTTHEN  in  February  of  this  year  I  described  my  first 
T  V  integratino-machinef  before  the  Physical  Society,  I 
felt  that,  unless  the  tangent  principle  could  be  so  applied  as 
to  admit  of  an  indefinite  growth  of  the  integral,  such  principle 
would  be  useless  for  practical  purposes.  In  that  machine  the 
integral  is  determined  by  the  position  of  a  cart,  and  so  is 
limited  by  the  size  of  the  apparatus.  Since  that  time  I  have 
devised  a  variety  of  methods  of  applying  the  tangent  prin- 
ciple in  ^^  hich  the  integral  is  determined  by  rotation,  and  so 
there  is  no  limit  to  the  extent  to  Avhicli  the  integral  may  grow. 
In  the  following  paper,  which  is  divided  into  two  parts,  I  have 
given  in  the  first  a  description  of  a  variety  of  integrating- 
machines,  while  in  the  second  are  some  useful  applications  of 
the  most  simple  form  of  integrator  described  in  Part  I. 

Paet  I. 

At  the  present  time  there  seem  to  be  three  types  of  inte- 
grating-machines :     1st,    those   that   may    be    called    radius 

*  Communicated  by  tlie  Physical  Society,  having  been  read  at  the 
Meeting  on  November  26,  1881. 
.     t  Phil.  Mag.  May  1881. 

-^Phil.  Mag.  S.  5.  Vol.  13.  No.  79.  Feb.  1882.  H 
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ring,  the  other  being  an  inside  ring,  the  barrels  must  not 
be  geared  together.  Fig.  2  is  a  plan  on  a  larger  scale,  partly 
in  section,  showing  how  such  barrels  might  be  supported. 
Now,  if  this  outside  ring  is  placed  horizontally  within  the 
inside  ring  and  touching  it  at  one  point,  then  revolution  with- 
out rotation  of  the  inside  ring  will  cause  rotation  without 
revolution  of  the  outside  ring ;  if,  hoAvever,  in  consequence  of 
Vhe  inclination  of  the  tangent-wheel,  the  Ijai'rels  of  the  inside 
ring  are  caused  to  rotate,  then  such  rotation  will  cause  revolu 
lion  of  the  outside  ring  ;  and  this  revolution  will  be  a  true 
measure  of  the  integral,  as  the  outside  ring  and  the  tangent 
wheel  touch  barrels  of  the  inside  ring  at  points  having  the 
same  radius.  The  astronomical  convention  with  respect  to 
the  terms  revolution  and  rotation  has  been  used.  By  revolu- 
tion of  ihe  ring  is  meant  a  turning  of  the  whole  round  a  centre; 
and  bv  rotation  a  turning  of  barrels  round  their  own  axes. 

Instead  of  a  disk,  a  sphere  similarly  mounted  may  be  used 
for  a  tangent-wheel,   with  the  same  result.     Of  course  the 
cylinder  will  be  in  contact  with  the  sphere  at  a  point  on  its 
equator ;  but  if  the  support  of  this  globe  is  varied  in  position, 
so  that  the  cjlinder  touches  the  sphere  nearer  the  poles,  then 
the  rate  of  rotation  will  depend  not  only  on  any  former  incli- 
nation of  the  plane  of  the  equator  of  the  globe  to  the  axis  of 
the  cylinder,  but  will  also  be  inversely  proportional  to  the 
cosine  of  the  latitude  of  the  point  of  contact.     The  latitude 
should  be  brought  back  to  its  original  value  before  the  rota- 
tion of  the  cylinder  is  measured.     Fig.  3  shows  the  cylinder 
in  contact  with  tl  e  sphere  at  a  latitude  X.     It  so  happens  that 
the  radius  in  the  sphere  at  the  point  of  contact  is  equal  to 
cos  A.  X  the  radius  of  the  sphere ;  but  this  is  not  the  cause  of 
the  introduction  of  that  function,  as  the  rotation  of  the  cylinder 
is  independent  of  the  radius  of  the  tangent-wheel.     The  true 
reason  can  be  readily  discovered  by  a  simple  geometi'ical  con- 
struction, which,  from  the  length  of  this  paper,  I  omit.    How- 
ever, a  good  illustration  may  be  seen  by  taking  a  bicycle  and 
causing  it  to  lean  over  on  its  side;  then  a  given  twist  of  the 
handles  will  be  found  to  produce  a  greater  deviation  in  the 
direction  of  its  motion  than  would  be  the  case  if  the  bicycle 
■were  upright.     The  effect  just  described  is  most  easily  pro- 
duced by  mounting  the  cylinder  on  a  rocking-frame,  so  that  it 
can  roll  round  the  ball.     Though  the  axis  marked  A  in  the 
figure  remains  vertical,  yet  the  effect  may  be  considered  as 
due  to  a  leaning  to  one  side  of  this  axis.     If,  however,  the 
axis  A  is  caused  to  lean  forwards  or  backwards,  then  the  rota- 
tion of  the  cylinder,  which  is  still  proportional  to  the  tangent 
of  any  rotation  about  A,  is  also  projjortional  to  the  sine  of  the 
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inclination  of  A  above  the  horizon  ;  so  that  if  A  is  horizontal, 
no  rotation  about  A  as  an  axis  will  produce  anj'  effect;  but  as 
A  rises  higher,  increased  rotation  of  the  cylinder  will  be  pro- 
duced, the  maximum  being  when  A  is  vertical.  As  in  the 
former  case,  so  here,  the  inclination  of  A  should  be  brought 
back  to  its  original  value  before  the  rotation  of  the  cylinder  is 
measured.  This  is  the  method  of  steering  a  wheelbarrow  when 
pushing  it.  The  elevation  of  the  handles  corresponds  to  the 
inclination  of  A  with  the  horizon;  the  equality  of  the  elevation 
of  the  two  handles  corresponds  to  absence  of  rotation  about  A; 
therefore  the  barrow  goes  straight.  When  turning  a  corner 
the  outer  handle  is  elevated  more  than  the  inner  one  ;  this 
corresponds  to  rotation  about  A;  and  the  tangent  of  this  rota- 
tion, multiplied  by  the  sine  of  the  elevation  of  the  handles, 
measures  the  deviation  of  the  barrow  from  its  straight  course. 
This  deviation,  then,  is  greater  as  the  elevation  of  the  handles 
is  greater,  and  therefore  in  going  .round  a  sharp  corner  the 
handles  should  be  raised  as  nmch  as  possible.  By  the  means 
above  described,  either  the  quotient  or  the  product  of  two 
functions  may  be  directly  integrated. 

As  in  my  former  integrating-machine,  so  with  these,  the 
reciprocal  of  a  function  may  be  integrated  by  first  inclining  the 
tangent- wheel  through  a  right  angle;  then,  when  a  function 
passes  through  0  from  +  to  — ,  the  tangent-wheel  describes 
on  the  surface  of  the  cylinder  a  cusp  showing  a  momentary 
intinite  motion.  A  machine  so  arranged  niiiy  be  used  to 
integrate,  not  the  reciprocal,  but  the  function  itself,  if,  instead  of 
moving  the  cylinder  longitudinally,  it  is  caused  to  rotate,  when 
the  longitudinal  motion,  or  the  number  of  reciprocations  if 
suitable  gearing  is  employed,  will  measure  the  integral.  In  a 
similar  way  the  machine  as  first  described  will  integrate  a 
reciprocal. 

If  for  any  purpose,  in  addition  to  the  total  result,  the  inte- 
gral up  to  any  time  is  required,  a  diagram  must  be  drawn. 
This  can  be  effected  by  covering  the  cylinder  with  a  layer 
of  black  tracing-paper,  and  allowing  a  band  of  paper  as  wide 
as  the  cylinder  is  long  to  pass  between  the  tangent-wheel  and 
the  black  surface.  The  length  of  paper  passed  through  the 
machine  represents  the  integral;  and  the  curve  drawn  shows 
its  rate  of  growth  continuously.  Should  it  only  be  required 
to  know  the  amount  of  growth  during  each  of  a  series  of  short 
intervals  of  time,  a  narrow  band  (which  is  more  manageable) 
jnay  be  used  wrapped  round  a  small  wheel  at  the  end  of  the 
cylinder,  and  so  arranged  that  at  the  end  of  each  double  stroke 
of  the  cylinder  it  is  caused  to  bear  against  the  point  of  a  sta- 
tionary pencil ;  then  the  pencil-marks  represent  equal  intervals 
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of  time,  while  the  distances  between  them  measure  the  ave- 
rage rate  of  growth  over  each  interval. 

I  have  at  present  supposed  that  the  integrating  surface  is 
cylindrical;  but  other  surfaces  of  revolution  maybe  employed 
for  particular  purposes.  As  the  rotation  of  the  cylinder  de- 
pends on  the  linear  motion  of  its  surface,  it  is  clear  that  its 
rotation  must  be  inversely  proportional  to  its  diameter.  If, 
therefore,  instead  of  a  cylinder  any  other  surface  of  revolution 
is  taken,  its  rate  of  rotation  will  depend  not  only  on  the  inclina- 
tion of  the  tangent-wheel,  but  also  on  the  radius  of  contact.  The 
simplest  case  is  that  of  a  disk  with  the  tangent-wheel  mounted 
so  as  to  be  capable  of  radial  movement.  Then,  if  the  tangent- 
wheel  moves  in  the  direction  of  its  own  plane,  it  will  simply 
describe  on  the  disk  a  radial  line,  and  there  will  be  no  rotation; 
but  if  it  is  inclined  at  any  given  angle  the  disk  will  rotate,  and 

the  rate  of  its  rotation  will  be  proportional  to  -,  and  its  whole 

rotation  will  be  \  -  dr,  which  is  log  r.  Now  the  tangent-wheel, 

in  its  movement  outwards,  describes  on  the  surface  of  the  disk 
a  spiral  which  everywhere  cuts  the  radii  at  the  same  angle ; 
therefore  in  such  a  spiral  the  angles  are  the  logarithms  of  the 
radii ;  i.  e.  it  is  the  logarithmic  spiral  If  the  inclination  of 
the  tangent-wheel  is  made  to  depend  on  some  function,  then 

such  double-disk  machine  would  inteo;rate  d.v,  in  which 

°         c  +  x      ' 

c  is  the  radius  of  contact  when  .r  =  0. 

If  the  axis  of  the  tangent- wheel  is  made  to  pass  through  a 
fixed  point  over  the  disk  removed  from  its  line  of  travel  by  a 
right  angle,  then  the  tangent  of  its  inclination  to  the  direction 
of  its  motion  is  proportional  to  the  radius  of  contact :  but, 
other  things  being  equal,  the  rotation  of  the  disk  is  inversely 
as  the  radius  of  contact ;  therefore  the  amount  of  rotation  of 
the  disk  for  a  given  movement  of  the  tangent-wheel  is  inde- 
pendent of  the  radius  of  contact,  and  the  curve  traced  out  on 
the  disk  is  the  spiral  of  Archimedes.  But  if,  instead  of  passing 
over  a  disk,  the  tangent-wheel  similarly  mounted  is  made  to 
pass  along  the  surface  of  a  cylinder,  then  the  speed  of  rotation 
of  the  cylinder  will  be  proportional  to  the  distance  of  the  disk 
from  its  neutral  position,  and  its  whole  rotation  will  hQ^cxdx^ 

or  2  ■2'^,  and  the   curve  described  on  the  cylinder  will  be  a 

parabola.  This  arrangement  of  the  disk  and  cylinder  may  be 
used,  as  described  on  page  84,  in  a  polar  planimeter  to  illus- 
trate the  fonnula  ^^rdrdd. 


Measurement  of  Mechanical  and  Electrical  Forces.       83 

After  the  cylinder  and  disk,  the  most  simple  form  for  an 
integrating  surface  is  that  of  a  sphere.  Let  a  sphere  be  sup- 
ported, with  its  axis  horizontal,  on  a  frame  which  can  be 
made  to  reciprocate  about  a  vertical  axis  which  would,  if  con- 
tinued, pass  through  the  centre  of  the  sphere;  then,  if  a  tan- 
gent-wheel is  fixed  so  as  to  lie,  when  its  inclination  is  nothing, 
in  the  horizontal  })lane  which  passes  through  the  axis  of  the 
sphere,  angular  reciprocation,  which  must  be  less  than  180°, 
will  cause  the  tangent-wheel  to  describe  on  the  sphere  a  me- 
ridian when  it  is  in  its  neutral  position,  or  a  rhumb  line  if 
inclined  at  a  constant  angle.  As  the  speed  of  rotation  of  the 
sphere  is  inversely  proportional  to  the  radius  of  contact — that 
is,  to  the  cosine  of  the  latitude  of  the  point  of  contact — some 
means  must  be  adopted  whereby  the  rotation  recorded  is  less 
than  the  rotation  of  the  sphere  in  the  same  ratio.  The  most 
simple  plan  is  to  use  Amsler's  principle,  and  mount  a  small 
sliding  and  rolling  wheel  so  as  to  be  in  contact  with  the  sphere 
at  the  highest  point  on  the  equator  (i.  e.  dO°  from  the  tan- 
gent-wheel), but  with  its  plane  passing  through  the  centre  of 
the  tangent-wheel ;  then  the  rotation  of  the  Amsler  wheel  is 
always  less  than  the  rotation  of  the  sphere,  in  the  same  ratio 
that  the  rotation  of  the  sphere  is  too  great.  Instead  of  an 
Amsler  wheel,  a  cylinder  capable  of  moving  longitudinally  on 
its  horizontal  axis,  and  in  contact  with  the  sphere  at  a  point 
exactly  opposite  to  the  tangent-wheel,  would,  by  pure  rolling 
and  without  any  sliding,  take  off  the  correct  proportion  of 
motion,  since  it  and  the  tangent-wheel  ahvays  touch  the 
sphere  at  points  having  the  same  radius. 

Fig.  4  is  a  perspective  view  of  a  polar  planimeter  in  which 
the  integration  is  effected  by  a  disk  sphere  and  Amsler  wheel, 
as  described.  All  the  parts  marked  a  belong  to  a  rigid  frame, 
which  balances  on  and  can  turn  about  a  vertical  spindle, 
the  top  of  which  is  just  visible  below  the  tangent-wheel  t. 
The  vertical  spindle  is  fastened  to  the  stationary  wheel  w, 
which  rests  on  three  feet.  The  segmental  wheel  W  in  gear 
with  10  is  secured  to  a  vertical  spindle,  the  upper  end  of  which 
carries  the  crutch  C.  Screws  in  the  crutch  form  the  hoi-i- 
zontal  axis  about  which  the  sphere  S  may  rotate.  The  tan- 
gent-wheel /  is  mounted  in  a  frame  which  can  be  turned 
about  a  horizontal  axis  e  by  means  of  a  lever  I.  The  Amsler 
wheel  rests  by  its  weight  on  the  highest  point  of  the  equator 
of  the  sphere,  which  is  shown  dotted.  D  D  is  an  L-shaped 
piece,  which  carries  at  the  angle  the  pointer  P.  At  the  end 
of  the  long  limb  is  a  slot  embracing  a  pin,  as  shown.  A  part 
of  the  short  limb  is  made  cylindrical ;  against  this  part  rests 
the  edge  of  the  lever  I.     This  edge  is  not  truly  radial,  but  is 
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laterally  displaced  from  the  radial  position  to  an  extent  equal 
to  the  radius  of  the  cylindrical  part  of  D  D.     This  causes  the 
true  radius,  which  is  parallel  to  the  axis  of  the  tangent-wheel, 
to  intersect  the  axis  of  the  cylinder.     Now,  if  the  pointer  P 
is  moved  radially  in  the   slot  prepared  for  it,  it  is  clear  that 
the   tangent  of  the  inclination  of  the  tangent-wheel  t  will 
be  proportional  to  the  square  of  the  distance  of  P  from  the 
vertical  axis  about   which  the  machine  can  turn,  also  that, 
during  any  turning  of  the  machine  about  this  axis,  the  sj^here 
will  turn  about  its  vertical  axis  at  a  proportionate  speed.    Now 
it  has  been  shown  that,  when  the  sphere  is  made  to  turn  about 
its  vertical  axis,  the  rate  of  rotation  of  the  Amsler  wheel  is 
proportional  to  such  rotation  multiplied  by  the  tangent  of  the 
inclination  of  the  tangent-wheel — that  is,  in  this  case  to  r^  d9. 
Therefore  the  whole  rotation  of  the  Amsler  wheel  is  a  measure 
of  ^r"^  dO  ;  and  so,  if  the  pointer  P  is  taken  round  any  closed 
curve,  the  area  of  that  curve  may  be  read  off  from  the  Amsler 
wheel.     The  wheel  W  is  three  tmies  the  radius  of  w;  so  that 
the  pointer  may,  if  necessary,  be  taken  completely  round  the 
pole,  and  yet  the  tangent-wheel  will  only  move  120°  on  the 
sphere  in  latitude.     The  diameter  of  the  Amsler  wheel  is  one 
third  of  that  of  the  sphere,  so  as  to  restore  the  diminished 
speed.     Unlike  Amsler's  planimeter,  this  one  shows  the  incre- 
ment of  area  for  each  part  of  a  closed  curve,  the  reason  being 
that  it  is  an  exact  mechanical  equivalent  of  the  polar  formula 
for  integration.     Though  the  machine  works  very  well,  it  can- 
not be  compared  to  Amsler's  as  a  practically  convenient  in- 
strument. 

An  exact  mechanical  equivalent  of  the  formula  \\rdrd9 
would  be  produced  by  retaining  all  the  last  machine,  except 
the  short  limb  of  the  L-shaped  piece  D  D,  and  mounting  on 
the  long  limb  a  tangent-wheel  to  traverse  a  cylinder,  the  rate 
of  rotation  of  which  for  a  given  radial  movement  of  the  pointer 
would  be  proportional  to  the  distance  of  the  pointer  from  the 
pole — that  is,  to  r  dr — and  the  whole  rotation  would  be  Tr  dr. 
Now,  if  the  cylinder  were  by  its  rotation  caused  to  change  the 
inclination  of  the  lever  I  so  that  the  tangent  of  the  inchnation 
of  I  was->pro|)ortional  to  the  whole  rotation  of  the  cylinder, 
then,  when  the  pointer  was  taken  round  a  curve,  the  rotation 
of  the  Amsler  wheel  would  be  \yrdrdd.  In  either  case, 
instead  of  an  Amsler  wheel,  a  cylinder  mounted  as  described 
on  the  last  page  would  give  the  integral. 
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Pakt  II. 

.  The  practical  value  of  the  tangent  principle  depends  on  the 
fact,  that  the  only  operation  required  of  the  function  to  be  in- 
tegrated is  that  of  turning  more  or  less  a  spindle  and  tangent- 
wheel,  which  may  be  as  light  and  delicate  as  any  part  of  a 
watch,  and  of  which  the  moment  of  inertia  may  be  inappre- 
ciable. This  is  in  marked  contrast  to  what  is  necessary  in 
radius  machines:  the  friction  in  the  common  double  disk  or 
disk  and  cone  integrator,  or  the  inertia  of  the  ball  in  Sir 
James  Thomson's  machine,  would  be  quite  sufficient  to  make 
the  former  useless  for  the  integration  of  such  delicate  forces  as 
depend  on  the  actions  of  electricity,  or  the  latter  inapplicable 
to  machinery  in  rapid  movement.  Another  point  about  tan- 
gent machines  is,  that  the  whole  process  of  integration  is  the 
result  of  pure  rolling,  and  any  doubt  that  may  be  felt  as  to 
the  effect  of  the  sHdIng  action  on  the  accuracy  of  cosine 
machines  is  here  removed.  The  rest  of  this  paper  describes 
some  applications  of  the  disk-cylinder  integrator  some  of  which 
are  likely  to  be  of  practical  value. 

Engine-poioer  Meter. 

As  work  is  motion  multiplied  by  pressure,  the  work  done 
in  an  engine  may  be  found  by  integrating  the  difference  of 
pressure  on  the  two  sides  of  the  piston  with  respect  to  the 
motion  of  the  piston.  For  any  one  stroke,  this  is  usually 
done  by  measuring  the  areas  of  the  indicator-diagrams,  one 
taken  at  each  end  of  the  cylinder,  and  repeating,  so  as  to  o-et 
an  average  value.  But  as  the  work  done,  or  the  area  of  the 
diagram,  is  subject  to  variation  depending  on  the  load,  pres- 
sure, and  speed,  only  guesses  can  be  made  as  to  the  whole 
amount  of  work  that  has  been  done  by  an  engine  during  any 
length  of  time.  Any  machine,  therefore,  that  will  automati- 
cally find  the  total  work  done  should  be  of  value,  not  only  to 
users  of  engine-power,  but  especially  to  experimentalists  who 
are  engaged  on  testing  the  efficiency  of  engines,  and  on  other 
subjects  where  total  work  done  should  be  known.  It  is  only 
fair  to  mention  that  Messrs.  Ashton  and  Story  have  an  enoine- 
power  meter  in  which  the  integration  is  effected  by  a  double- 
disk  integrator  acting  on  the  radius  principle ;  but  it  necessa- 
rily suffers  from  the  defects  common  to  all  radius  machines. 
The  disk-and-cylinder  is  especially  applicable  to  this  particular 
case;  for  it  is  only  necessary  to  make  the  cylinder  recij)rocate 
with  the  piston  of  the  engine,  the  motion  being  of  course  re- 
duced to  a  convenient  amount,  and  to  make  the  tangent  of  the 
inclination  of  the  disk  vary  with  the  ditfereuce  in  pressure  on 
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the  two  sides  of  the  piston  of  the  engine.  Then,  at  any  moment, 
the  cylinder  will  turn  with  a  speed  which  is  proportional  to 
the  rate  at  which  work  is  being  done,  and  the  number  of 
revolutions,  as  measiired  by  a  counter,  will  be  a  measure  of 
the  work  done  in  foot-pounds  or  other  units  during  any  time. 
Figs.  5  and  6  are  views  of  an  engine-power  meter,  each  partly 
in  section.  A,  A  are  two  boxes  with  flexible  covers,  like  the 
corrugated  plate  in  an  aneroid  barometer.  They  may  be 
filled  with  a  mixture  of  glycerine  and  water  or  other  liquid, 
and  connected  each  with  one  end  of  the  cylinder  of  the  engine. 
Each  diaphragm  will  feel  the  pressure,  but  not  the  heat,  of  the 
steam  or  gas  in  the  cylinder.  The  two  diaphragms  are  con- 
nected by  the  rod  r ;  and  so  the  effective  force  tending  to  bend 
the  diaphragms  is  the  difference  of  pressure  at  the  two  ends  of 
the  cylinder.  This  is  the  force  acting  on  the  piston  of  the 
engine.  Inclination  is  given  to  the  tangent-wheel  t  by  the 
rod  r  by  a  pin  working  in  a  radial  slot,  as  is  better  shown  in 
fio:.  7.  This  arrano-ement  causes  the  tangent  of  the  inclination 
of  the  tangent-wheel  to  be  proportional  to  the  displacement  of 
the  rod  ?•,  and  so  to  the  force  acting  on  the  piston.  C  is  the 
integrating-cylinder,  which  is  capable  of  sliding  along,  but  of 
turning  with  a  wire  W,  which  may  be  grooved  or  polygonal ; 
pinion-wire  is  very  suitable.  The  integrating-cylinder  is 
caused  to  reciprocate,  by  means  of  a  yoke  Y  and  lever  L,  in 
time  with  the  piston  of  the  engine.  The  stroke  is  reduced  to 
a  convenient  amount  by  attaching  a  string  from  the  piston- 
rod  to  a  suitable  part  of  the  lever  L.  Now,  as  the  rate  at 
which  the  cylinder  turns  is  proportional  to  the  longitudinal 
motion  of  the  integrating-cylinder  multiplied  by  the  tangent 
of  the  inclination  of  the  tangent-wheel,  and  as  this  is  propor- 
tional to  the  motion  of  the  piston  multiplied  by  the  force 
urging  it,  i,  e.  to  the  work  being  done,  the  whole  number  of 
the  revolutions  of  the  cylinder  will  measure  the  whole  amount 
of  work  done.  If  the  instrument  gets  out  of  adjustment  so 
that  the  tangent-wheel  is  not  parallel  to  the  axis  of  the  cylin- 
der when  there  is  no  force,  then  whatever  error  it  makes  in  a 
forward  stroke  it  will  take  off  in  the  return  stroke ;  so  that  no 
accumulating  error  will  be  produced.  The  diaphragms  may 
either  be  made  of  steel  or  highly  elastic  metal,  in  which  case 
they  form  their  own  springs ;  or  a  softer  metal,  controlled  by 
an  external  spring,  might  be  used.  If  a  diagram  is  required, 
one  may  be  drawn  as  desci-ibed  on  page  81.  But  it  will  not  be 
a  diagram  such  as  is  drawn  by  an  ordinary  indicator,  but  the 
integral  curve  of  such  a  diagram  ;  so  that  force,  instead  of 
being  represented  by  the  length  of  an  ordinate,  will  be  repre- 
sented by  steepness.      Instead  of  diaphragms  as  described, 
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spring  pistons  or   Bourdon   pressure-gauge  tubes  might  be 
employed  to  give  inclination  to  the  tangent-wheel. 

Integrating  Dynamometers. 

The  disk-cylinder  integrator  may  be  applied  to  measure  the 
whole  amount  of  work  transmitted  by  shafting  or  belting.  In 
the  case  of  shafting,  what  is  called  a  differential  coupling — that 
is,  a  contrivance  which  transmits  any  motion,  but  measures 
the  force  causing  such  motion — is  employed  to  give  inclination 
to  the  tangent- wheel.  In  the  case  of  belting,  any  of  the  known 
dynamometers  may  be  employed  for  the  same  purpose;  while 
a  mangle-motion  driven  by  the  revolving  shaft  or  travelling 
band,  causes  the  cylinder  to  reciprocate.  Either  of  the  methods 
given  on  page  79  may  be  employed  to  produce  continuous 
growth  of  the  integral  in  one  direction.  As  the  work  trans- 
mitted at  any  moment  is  force  multiplied  by  motion,  and  as 
the  tangent  of  the  inclination  of  the  tangent-wheel  is  propor- 
tional to  the  force,  Avhile  the  reciprocating  motion  of  the 
cylinder  is  proportional  to  the  motion,  the  rate  of  revolution  of 
the  integrating  cylinder  will  be  proportional  to  the  rate  at 
which  work  is  being  done,  and  the  whole  number  of  revolu- 
tions will  give  the  whole  amount  of  work  done.  If  at  any 
time  the  force  causing  the  motion  should  change  sign  and  so 
resist  it,  as  is  the  case  in  an  engine  when  there  is  much  cush- 
ioning, then  the  tangent-wheel  will  incline  the  other  way  and 
take  off  from  the  record  a  corresponding  amount  of  work. 

Electric-  Current  Meters. 

The  application  of  the  disk-cylinder  integrator  to  an  elec- 
tric-current meter  is  very  obvious.  Figs.  8  and  9  are  two  views 
of  an  electric  meter,  in  which  the  inclination  of  the  magnet  M 
is  effected  by  the  electric  current  passing  in  a  large  coil  sur- 
roundinn-  the  instrument.  The  maonet  M  and  the  tanirent- 
wheel  t  are  each  fixed  on  the  same  spindle,  which  is  vertical, 
and  which  is  very  light  and  delicate.  The  weight  of  the  mag- 
net produces  the  necessary  pressure  between  the  tangent- 
w^heel  and  the  integrating-cylinder  C ;  and  as  the  surface  of 
each  is  convex,  the  friction  resisting  the  turning  of  the  tan- 
gent-wheel by  the  magnet  is  very  small.  The  cylinder  is 
supported  in  a  bell-crank  frame  F,  which  can  be  made  to  reci- 
procate along  the  wire  W  by  means  of  the  mangle-motion  m  m. 
The  mangle-motion  is  actuated  by  clockwork,  which  may  be 
w^ound  by  the  current  itself  when  necessary,  should  such  a 
course  be  desirable.  Fig.  10  shows  the  construction  of  a  suitable 
mangle-motion.     The  pinion  can  turn,  but  not  move  otherwise, 
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while  tbe  frame  carrying  the  racks  can  move  either  longi- 
tudinally or  laterally.  A  pin  projecting  centi'ally  from  the 
pinion  enters  the  slot,  which  is  shaded  in  the  figure,  and  so 
causes  the  pinion  to  gear  with  the  two  racks  alternately.  This 
lateral  movement  of  the  rack-frame  is  made  use  of  to  depress 
the  integrating-cjdinder  during  its  back  stroke,  at  which  time 
the  maonet  I'ests  on  the  shoulder  S.  As  the  tangent  of  the 
inclination  of  the  tangent-wheel  is  proportional  to  the  current- 
strength,  and  as  the  rate  of  rotation  of  the  cylinder  is  propor- 
tional to  the  tnnofent  of  the  inclination  of  the  tano-ent-wheel, 
the  cylinder  will  turn  with  a  speed  which  is  proportional  to 
the  current-strength,  and  the  whole  number  of  turns,  as  shown 
by  the  counter,  will  be  a  measure  of  the  quantity  of  electricity 
that  has  passed.  In  the  arrangement  described,  time  is  divided 
into  a  great  number  of  equal  intervals,  and  the  current-strength 
during  each  alternate  one  considered.  After  any  consider- 
able time,  such  a  sampling  of  the  current  would  give  just 
as  exact  a  result  as  would  be  obtained  by  intesratino-  continu- 
ously.  A  quick-return  mangle-motion  might  be  employed  to 
diminish  the  proportion  of  ineffective  time;  or  the  whole  time 
could  be  made  effective  by  keeping  the  cylinder  in  continuous 
contact,  and  actuating  a  reversing-gear  between  the  cylinder 
and  a  counter  by  means  of  the  lateral  movement  of  the  mangle- 
motion.  It  would  be  well  to  employ  a  catch  on  the  armature 
of  a  subsidiary  electromagnet,  so  as  to  stop  the  clockwork, 
except  when  a  current  is  passing.  This  current-meter,  like 
Edison's  electrolytic  meter,  is  a  direction-meter.  If  the  cur- 
rent is  passing  in  one  direction,  it  counts  it  positive  ;  if  in 
the  opposite  direction,  it  counts  it  negative.  A  reverser  actu- 
ated by  a  polarized  armature  could  be  employed  to  make  the 
meter  count  as  positive,  a  current  passing  either  way,  and  so 
make  it  applicable  to  the  case  of  alternating  currents.  An- 
other kind  of  current-meter,  which  is  by  its  nature  indepen- 
dent of  the  direction  of  the  current,  would  be  preferable  to  the 
mao-netic-needle  meter  and  reverser  combined. 

Figs.  11  and  12  represent  an  electric-energy  meter,  which 
will  be  described  later  ;  but  they  will  serve  as  diagrams  to 
illustrate  a  description  of  the  second  current-meter,  m  in  is 
the  mangle-motion,  which  causes  the  cylinder  C  to  reciprocate 
and  bear  alternately  against  the  two  tangent-wheels  1 1, 
These  wheels  are  mounted  in  a  common  swivellinfr-frame, 
which  ordinarily  is  kept  vertical  by  the  weights  X  X,  but 
which  may  be  inclined  by  a  force  due  to  any  cause  tending  to 
turn  the  beam  13.  Now  the  turning-power  of  the  weights 
X  X  varies  as  the  sine  of  the  inclination  ;  while  the  turning- 
power  of  a  force  acting  downwards  applied  to  the  point  p  varies 
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as  the  cosine  of  the  inclination  ;  therefore  the  beam  will  set 
itself  at  such  an  ano-Ie  that  the  tangent  of  the  inclination  is 
proportional  to  the  force.     If,  therefore,  the  point  p  of  the 
beam  can  l)e  pulled  downwards  by  a  force  which  is  propor- 
tional to  the  strength  of  the  current,  an  electric  meter  will  be 
the  result.     The  coils  shown  in  the  diagrams,  which  belong  to 
the  energy-meter,  must  be  removed  and  replaced  by  an  elec- 
tromagnet and  armature  of  peculiar  construction.     Let  there 
be  an  electromagnet  with  pole-pieces  a  certain  distance  apart, 
and  let  there  be  between  them  a  wedge  of  iron  at  its  narrow 
end  increasing  in  thickness  or  width  rapidly,  and  towards  its 
thicker  parts   much  more  slowly  ;   then,  on  moving  such  a 
wedge  forwards  between  the  poles,  but  without  touching  them, 
it  will  at  first  facilitate  by  its  movement  magnetic  induction 
at  a  great  rate  ;  and  as  it  fills  up  the  space,  even  though  the 
induction  through  it  is  greater,  yet  the  increase  of  Ihat  induc- 
tion is  less.     Now,  as  the  rate  at  which  magnetic  induction  is 
increased  by  movement  measures  the  force  with  which  such  a 
wedge  is  pulled  forwards,  the  wedge  will,  if  suitably  formed, 
experience  a  force  with  a  given  current-strength  which  is  less 
as  its  entrance  is  greater,  except  over  a  small  space  near  its 
starting  position,  where  the  force  should,  if  possible,  be  infi- 
nite.    Also,  if  the  wedge  is  fixed  in  position  and  the  current 
made  to  vary,  it  will,  so  long  as  the  magnetic  limit  is  not  ap- 
proached, experience  a  force  which  varies  as  the  square  of  the 
current ;  therefore,  if  the  motion  of  the  wedge  is  resisted  ex- 
ternally by  a  force  which  varies  as  its  displacement,  it  will 
enter  to  such  an  extent  that  the  amount  of  its  entrance  is  pro- 
portional to  the  current.     Let  such  a  wedge  be  carried  by  the 
beam  B,  so  that  when  it  is  at  its  zero  position  the  beam  is 
horizontal ;  then  the  inclination  of  the  beam  will  be  greater 
when  the  current  is  greater,  and,  except  with  very  weak  cur- 
rents, may  be  made  to  vary  so  that  its  tangent  is  proportional 
to  the  current.     The  same  principle  might  be  applied  in  an- 
other way  by  causing  rotation  instead  of  linear  movement  of 
the  armature  to  facilitate  induction,  and  by  resisting  such 
motion  by  a  pendulum-weight  as  before,  or  by  a  hair-spring. 
The  armature  then  would  have  to  be  shaped  something  like 
an  S,  and  adjusted  experimentally  so  as  to  give,  except  with 
very  small  currents,  a  deflection  Avhose  tangent  is  proportional 
to  the  current.     In  Sprague's  or  Edison's  electrolytic  meters 
(the  only  ones  of  which  I  have  heard  which  can  lay  any  claim 
to  being  called  current-meters  at  aU)  a  portion  only  of  the 
current  is   sent  through  the  meter,  and  the  rest  passed   by 
in  a  shunt.     Now,  if  it  were  certain  that  the  same  proportion 
of  the  whole  current  always  passed  the  meter,  there  would  be 
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no  objection  to  such  a  course  ;  but  as  a  rise  in  temperature 
makes  an  electrolyte  a  better,  and  a  metal  a  worse  conductor, 
any  electrolytic  meter  combined  with  a  shunt  would  have  a 
tendency  to  show  too  much  in  warm  weather  or  if  warmed 
by  the  current.  If,  again,  there  is  any  polarization,  and  that 
polarization  is  not  strictly  proportional  to  the  current,  then 
another  error  will  be  introduced.  It  would  seem  therefore 
necessary,  if  accurate  indications  are  required,  to  make  the 
whole  current  pass  through  an  electrolytic  meter. 

Electric-Energy  Meters. 

Since  the  energy  expended  by  an  electric  current  between 
any  two  points  is  equal  to  the  current  multiplied  by  the  dif- 
ference of  potential  of  those  points — that  is,  to  the  main  current 
multiplied  by  a  shunt  current  passing  in  a  wire  of  high  resist- 
ance between  the  two  points — an  electric-energy  meter  may  be 
made  by  combining  two  electric-current  meters,  which  take 
account  of  the  direction  in  which  the  electricity  passes,  in 
such  a  way  that  the  first  integrates  the  main-current  strength, 
and  that  the  mangle-motion  of  the  second  is  driven  by  the 
integrating-cylinder  of  the  first :  then,  if  the  needle  of  the 
second  is  deflected  by  the  shunt  current,  the  rotation  of  the 
second  cylinder  will  give  the  integral  of  the  energy  expended; 
This  is  obvious  ;  for  the  rate  of  rotation  of  the  second  cylinder 
is  proportional  to  its  rate  of  reciprocation  multij)lied  by  the 
tangent  of  the  inclination  of  its  tangent-wheel — that  is,  to  the 
strength  of  the  current  in  the  first  machine  multiplied  by  the 
strength  of  the  current  in  the  second  :  so  its  rate  of  turning 
is  proportional  to  the  rate  at  which  energy  is  being  expended, 
and  its  whole  rotation  is  a  measure  of  the  total  energy.  If  at 
any  time  either  the  main  or  the  derived  current,  but  not  both, 
changes  sign,  then  the  second  cylinder  will  begin  to  turn  the 
other  way,  showing  that  the  current  is  not  doing  work  in  the 
portion  of  the  conductor  between  the  points,  but  is  being 
caused  to  flow  by  an  action  of  some  kind  taking  place  in  that 
portion.  If  both  currents  change  sign,  then,  as  before,  work  is 
being  done  ;  and  though  the  first  machine  is  working  back- 
wards, the  second  is  working  forwards.  A  combination  of 
two  machines,  as  described,  would  integrate  both  the  current 
and  the  energy.  A  more  simple  and  practicable  machine  for 
integrating  energy  alone  is  shown  in  figs.  11  and  12.  The 
integrating  mechanism  has  been  already  described;  the  elec- 
trical principles  employed  must  now  be  explained.  If  tAvo 
wires,  one  conveying  the  main  current  and  the  other  the  de- 
rived current,  are  near  one  another,  they  will  attract  or  repel 
one  another  with  a  force  which  is  proportional  to  the  product 
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of  the  two  currents — that  is,  to  the  energy  being  expended; 
but  if  the  wires  are  allowed  to  move,  the  force  will  depend 
also  on  the  position.  The  question  then  is,  how  can  the  wires 
be  so  arranged  that  the  force  exerted  may  be  used  to  incline 
the  tangent-wheels  and  yet  be  independent  of  their  motion. 
The  arrangement  of  solenoids  shown  in  section  in  fig.  12  is 
a  complete  and  perfect  answer.  Si  and  ^2  ^^  two  fixed  sole- 
noids concentric  with  one  another ;  and  the  main  current  is 
made  to  pass  through  each  in  the  same  direction.  S3  is  a 
solenoid  made  of  a  very  great  length  of  fine  wire,  preferably 
of  aluminium  silver,  as  suggested  by  Mr.  Iraray;  and  the 
upper  half  is  wound  in  one  direction  and  the  lower  half  in  the 
opposite  direction  ;  and  the  derived  current  is  made  to  pass 
through  it  so  as  to  pass  in  the  upper  half  in  the  same  direction 
as  the  main  current  passes  in  the  fixed  solenoids,  and  in  the 
lower  half  in  the  opposite  direction.  This  solenoid  is  hung  in 
the  annular  space  between  the  fixed  ones  by  a  band  passing 
over  the  arc  of  the  beam  B.  The  tubes  within  and  without 
the  fixed  solenoids  and  the  rings  above  and  below  them,  all  of 
Avhich  are  shown  dark  in  the  figure,  are  made  of  iron,  and 
may  or  may  not  be  used  according  as  the  currents  employed 
are  in  general  weak  or  strong.  But  whether  the  tubes  are 
or  are  not  retained,  the  use  of  the  rings  has  certain  advan- 
tages, Avhich  I  now  proceed  to  explain.  Fig.  13  is  a  diagram 
taken  by  iron  filings,  which  shows  the  distribution  of  the  lines 
of  force  due  to  the  fixed  solenoids  alone,  without  the  tubes  or 
rings.  Here  the  lines  of  force  cut  the  walls  of  the  solenoid  at 
an  oblique  angle,  so  that  the  force,  Avhich  is  at  right  angles 
both  to  the  wires  and  the  lines  of  force,  tends  to  stretch  the 
movable  coil,  and  only  a  portion  of  it  is  effective  in  drag- 
ging down  the  solenoid  :  moreover  the  lines  of  force  are  very 
widely  distributed  over  the  solenoid,  so  that,  unless  it  is  of 
very  great  length,  the  upper  part  will  leave  by  its  motion 
many  lines.  It  is  true  that  on  the  lower  end  the  movable 
solenoid  will,  when  at  its  central  position,  enter  as  many  lines 
in  an  element  of  motion  as  it  leaves  at  its  upper  end  ;  but 
after  any  considerable  movement  the  upper  end  will  leave 
many  more  than  the  lower  end  enters  ;  and  the  force,  as  it  is 
proportional  to  the  number  of  lines  enclosed,  will  become  less 
as  the  solenoid  moves  from  its  central  position.  This  will  be 
referred  to  again  later.  Now  the  iron  rings  act  as  traps,  so  to 
speak,  and  catch  nearly  all  the  lines  of  force  which  without 
them  stray  over  so  great  a  space.  Fig.  14  shows  the  field  pro- 
duced when  the  iron  is  present.  It  will  be  seen  at  once  that 
nearly  the  whole  of  the  induction  takes  place  across  a  very 
narrow  baud  of  the  solenoid,   and  that  the    lines  of  force, 
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where  they  cut  the  solenoid,  are  nearly  horizontal ;  so  that 
practically  the  whole  of  the  force  developed  tends  to  drag  the 
solenoid  downwards,  instead  of  being  partly  spent,  as  before, 
in  producing  a  stretching  strain.  The  consequence  is  that  the 
movable  solenoid  may  be  made  very  much  shorter  than  would 
be  necessary  if  no  rings  were  present.  The  tubes,  having  a 
hio"her  coefficient  of  induction  than  air,  merely  serve  to  increase 
the  number  of  lines  of  force,  rather  than  affect  their  distri- 
bution. 

If  a  movable  solenoid,  arranged  as  described,  is  hung  by  a 
band  passing  over  the  arc  of  the  beam  B,  then  the  turning 
moment  due  to  a  down-pulling  force  is,  within  certain  limits, 
constant,  while  the  force  restraining  motion  varies  as  the  sine 
of  the  inclination  of  the  beam;  but  had  it  been  hung  from  the 
point  p,  the  turning  moment  would  have  been  proportional  to 
the  cosine  of  the  inclination,  and  the  tangent  of  the  incli- 
nation would  have  measured  the  force.  ^Vhat  is  wanted 
is  to  make  the  tangent  of  the  inclination  proportional  to  the 
product  of  the  two  currents ;  and,  as  explained,  this  could 
be  attained  by  using  a  long  solenoid  hung  from  the  point  p. 
But  such  an  arrangement  causes  a  double  inconvenience; 
for  not  only  is  a  long  solenoid  itself  inconvenient,  but  the 
fact  that  it  is  hung  from  an  arm  and  not  from  an  arc  causes  a 
lateral  shifting  of  the  solenoid  when  the  beam  B  is  inclined, 
thus  necessitating  a  wider  annular  space  for  it  to  pass  through. 
Now  the  use  of  a  comparatively  short  solenoid  hanging  from 
an  arc  introduces  two  erroi's  which  are  almost  absolutely 
equal  and  opposite.  The  error  due  to  the  arc  is  an  increase 
of  moment  in  the  ratio  of  the  cosine  of  the  inclination  of  the 
beam  to  1 ;  that  is,  the  error  is  equal  to  the  versed  sine  of  the 
inclination  ;  and,  like  a  thing  that  increases  as  the  square  of  a 
quantity,  it  is  at  first  quite  inappreciable,  and  it  increases  in 
amount  with  increasing  speed  as  the  quantity  grows.  Now 
the  error  due  to  a  short  solenoid,  such  as  shown  in  the  figure, 
is  at  first  nothing;  for  a  given  movement  will  cause  the  sole- 
noid to  enter  as  many  lines  of  force  at  one  end  as  it  leaves  at 
the  other,  but  as  it  gets  displaced  it  enters  rather  fewer  than 
it  leaves  ;  and  this  difterence  in  the  number  of  lines  of  force 
increases  in  amount  with  increasing  speed.  Now,  if  the  pro- 
portions are  so  taken  that  when  the  inclination  of  the  beam 
is  a  little  less  than  the  greatest  amount  permitted  to  it  the 
actual  magnetic  error  is  equal  and  opposite  to  the  versed-sine 
error,  then,  since  each  is  a  quantity  which  grows  according  to 
the  same  kind  of  law,  those  errors  will  be  always  approximately 
equal,  and  their  differences  very  small  compared  with  the 
errors,  and  absolutely  iua^jpreciable  in  comparison  with  the 
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quantities  of  which  the  errors  themselves  are  small.  The 
geometrical  representation  (fig.  15)  makes  this  clearer.  The 
two  sets  of  errors  may  bo  considered  as  ordinates  of  two 
curves  drawn  to  the  same  abscissa.  The  point  p,  where  the 
curves  intersect,  corresponds  to  that  inclination  at  which  the 
two  errors  are  made  equal,  and  the  origin  0  to  the  central 
position.  Since  both  errors  are  of  a  kind  which  are  inappre- 
ciable at  first,  the  two  curves  will  have  the  axis  of  .2;  as  a 
tangent ;  and  since  the  two  errors  are  of  a  kind  which  grow 
in  the  same  kind  of  way,  i.  e.  at  first  slowly,  and  at  an  increa- 
sing rate  as  they  grow,  the  curves  must  be  nearly  similar  ; 
and  since  they  have  the  common  point  p,  they  must  be  nearly 
identical.  The  distance  between  the  curves  at  any  part  gives  the 
actual  error  there;  and  this  being  small  in  comparison  with  the 
ordinates  at  that  part,  is  inappreciable  in  comparison  with  the 
whole  distance  of  that  part  from  the  line  z  z.  In  the  parti- 
cular case  the  ordinate  jt?  m  is  about  4  per  cent,  of  j!?  Q;  so  the 
actual  error  may  be  safely  neglected.  But,  finally,  should 
there  be  any  error  that  can  be  detected  at  all,  such  error  may 
be  almost  entirely  eliminated  by  putting  a  few  extra  turns  of 
wire  near  the  ends  or  the  middle  of  each  half  of  the  movable 
solenoid,  according  as  the  curve  of  the  mao-netic  error  between 
0  and  p  is  below  or  above  the  curve  of  the  versed-sine  error. 

Assuming  the  truth  of  what  is  stated  in  the  last  paragraph, 
we  find  the  tangent  of  the  inclination  proportional  to  the  rate 
at  which  energy  is  being  expended.  But  the  speed  of  rotation 
of  the  cylinder  is  proportional  to  the  tangent  of  the  inclina- 
tion; therefore  the  number  of  turns  of  the  cylinder,  given  by 
the  counting-mechanism  in  the  box  over  the  cylinder,  is  a 
measure  of  the  total  energy  expended.  As  in  the  other  energy- 
meter,  so  in  this,  if  the  electric  current  is  helped  at  any  time 
instead  of  being  used,  then  the  integrating-cylinder  will  turn 
the  other  way,  and  take  off  from  the  record  an  amount  which 
is  a  measure  of  the  work  expended  on  the  current. 

There  is  a  point  about  the  solenoid  energy-meter  which  is 
worthy  of  notice.  The  movable  solenoid  has  an  equal  number 
of  turns  in  opposite  directions;  so  it  is  independent  of  the 
magnetic  field  in  which  the  instrument  is  placed,  and  so  this 
meter  may  be  used  in  workshops  or  near  dynamo-machines 
without  its  action  being  interfered  with.  For  the  same  reason, 
when  used  in  houses  as  gas-meters  are  for  gas,  it  will  be  im- 
possible for  the  householder  to  tamper  with  its  indications  by 
placing  magnets  round  the  instrument. 

When  very  powerful  currents  are  employed,  it  is  well  to 
shunt  a  certain  proportion  of  the  main  current  past  the  meter, 
or,  when  the  electromotive  force  is  very  great,  to  introduce 
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into  the  secondary  circuit  resistance-coils.  To  prevent  waste 
of  clockAA'ork  energy  or  of  electricity,  the  main  current  is  made 
to  pass  round  a  subsidiary  electromagnet  whose  armature 
allows  the  clockwork  to  go  only  when  the  main  current  is 
passing.  This  armature  also,  on  being  attracted,  completes 
the  secondary  circuit,  so  that  the  derived  current  can  only  flow 
when  the  main  current  is  passing. 

The  meter  may  be  used  as  an  energy  measurer  or  indicator 
(not  meter)  with  advantage  when  setting  the  carbons  of  an 
electric  arc.  If  the  two  poles  are  made  to  touch,  though  the 
current  is  enormously  increased,  the  energy  is  reduced,  owing 
to  a  greater  f;illing-off  in  the  difference  of  potential  between 
the  poles.  As  the  carbons  are  gradually  separated  the  current 
diminishes,  but  the  difference  of  potential  increases  in  a  higher 
ratio;  so  their  product  increases;  that  is,  the  energy  expended, 
and  so  the  heat  and  light  produced,  increases.  This  increase 
is  shown  by  an  increased  inclination  of  the  beam.  After  a 
time  a  point  is  reached  at  which  the  current  decreases  in 
the  same  ratio  that  the  difference  of  potential  increases;  at 
this  point  the  inclination  of  the  beam  attains  a  maximum  ; 
beyond  this  the  decrease  of  the  current  is  in  a  higher  ratio 
than  the  increase  in  the  difference  of  potential,  so  the  energy, 
hc^-'t,  and  light  fall  off,  as  is  indicated  by  the  diminution  of 
the  inclination  of  the  beam.  If,  therefore,  the  carbons  are 
placed  so  that  the  inclination  of  the  beam  is  a  maximum,  then 
the  best  effect  is  being;  obtained.  In  the  same  wav,  if  the  cur- 
rent  is  being  employed  to  drive  a  machine,  the  most  effective 
speed  for  that  machine  may  be  found  by  observing  at  what 
S]>eed  the  inclination  of  the  beam  is  greatest. 

The  various  meters  described  depend  for  their  numerical 
results  on  two  things — (1)  the  horizontal  intensity  of  the 
earth's  magnetism,  (2)  the  force  of  gravity.  The  indications 
of  the  first  current-meter  are  inversely  proportional  to  the 
horizontal  intensity,  and  of  the  first  energy-meter  to  the 
square  of  the  horizontal  intensity.  Each  of  them  is  dis- 
turbed by  changes  in  the  direction  of  the  earth's  magnetism. 

The  second  current-meter  and  the  second  energv-meter  are 
independent  of  the  magnetic  field  altogether.  Their  indi- 
cations vary  inverselv  as  a  when  the  clockwork  is  reiiulated 
by  a  balance-wheel,  or  inversely  as  \/^  when  a  pendulum-clock 
is  used.  This  dependence  on  gravity  is  a  point  of  very  great 
importance  ;  for  over  any  one  country  gravity  does  not  change 
appreciably,  nor  does  it  matter  in  what  direction  the  machine 
is  placed  so  long  as  it  is  level.  Bj'  screwing  the  weights  X  X 
up  or  down,  so  as  to  decrease  or  increase  the  influence  of 
gravity  on  the  meter,  its  indications  may  be  regulated  to  a 
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standard  measure.  Therefore,  in  making  the  coils,  there  is  no 
necessity  to  count  the  number  of  turns  exactly,  or  to  lay  them 
with  the  utmost  accuracy:  they  may  be  wound  in  the  ordinary 
way,  and  then  a  hundred  machines  or  more  connected  together, 
with  the  main  circuits  in  series  and  with  the  derived  circuits 
in  series,  and  a  current  sent  from  a  suitable  source  through 
each  series ;  then,  if  there  is  one  meter  which  has  been  standar- 
dized by  careful  experiment,  all  the  rest  can  be  regulated,  just 
as  clocks  are,  by  screwing  down  the  weights  X  X  of  thoso 
that  are  going  fast,  or  screwing  up  the  weights  of  those  that 
are  going  slow. 

If  in  the  foregoing  paper  any  of  the  apparatus  is  not  as 
fully  described  as  it  might  be,  I  must  plead  as  an  excuse  an 
endeavour  to  occupy  a  reasonable  space  with  an  account  of 
what  is  essentially  one  invention. 

XI.   The  Experimental  Comparison  of  Coefficients  of  Induction. 
By  Herbert  Barfield,  B.Sc* 

OF  all  electrical  investigations,  the  experimental  compa- 
rison of  coefficients  of  induction  is  one  of  the  most  dif- 
ficult to  carry  out  with  accuracy  ;  and  it  is  doubtless  most 
desirable  that  we  should  be  able  to  compare  such  quantities 
much  more  accurately  than  has  been  hitherto  possible.  The 
usual  methods,  as  far  as  their  general  arrangement  is  con- 
cerned, are  in  all  probability  not  capable  of  improvement ; 
but,  as  carried  out,  there  is  one  modification  applicable  to  all 
of  them,  by  which  the  sensitiveness  can  be  vastly  increased. 
This  modification  is  in  the  use  made  of  the  galvanometer. 
Hitherto  it  has  been  usual  to  observe  the  throw  of  the  needle 
due  to  the  passage  of  the  quantity  of  electricity  in  one  tran- 
sient current ;  but  if,  instead  of  doing  this,  we  pass  through 
the  galvanometer  a  number  of  such  quantities  in  rapid  succes- 
sion and  (after  the  manner  of  Siemens  and  others)  observe  the 
permanent  deflection  of  the  needle,  we  shall  find  this  far 
greater  than  any  throw  attainable  by  even  the  most  suitable 
apparatus. 

In  fact,  the  permanent  deflection  due  to  a  certain  number 
of  transient  currents  per  second  may  be  compared  with  the 
throw  of  the  needle  due  to  one  of  them,  in  the  following 
manner: — Let 

H  represent  the  magnetic  force  acting  on  the  needle, 

G  the  galvanometer-constant, 

M  the  magnetic  moment  of  the  needle, 

T  its  time  of  vibration, 

*  Communicated  by  the  Author. 
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A  the  moment  of  inertia  of  mirror  and  needle, 

Q  the  quantity  passing  in  each  transient  current, 

ri  the  number  of  such  currents  per  second, 

<^  the  permanent  deflection  due  to  their  passage, 

6  the  throw  of  the  needle  due  to  one  transient  current. 

Then  Ht 

Q=^2sini^, 

nQ=  p-  tan^; 
or,  with  sufficient  accuracy  for  the  purpose  of  this  comparison, 

«=|^Q (1) 

<|.=  gX«.Q (2) 

Thus  ^      nr  .qx 

i-v ^^^ 

And  it  may  be  observed,  in  passing,  that  these"equations  hold 
rigidly  true  when  ^  and  6  become  very  small ;  and  thus,  in 
the  use  of  a  null  method,  the  equation  (3)  accurately  expresses 
the  relative  sensitiveness  of  the  two  methods. 

Now,  since  -  =  \/  —k- :  equation  (1)  may  be  written 

^=Q.G.^|^ (4) 

So  that,  with  Q  and  G  given,  to  obtain  the  largest  value  of  6, 

M 
we  must  make  -^  as  large  as  possible  and  H  as  small  as  pos- 
sible. The  former  condition  is  provided  for  in  the  Thomson's 
galvanometer;  and,  using  such  an  instrument,  we  have  only 
to  make  H  as  small  as  we  are  able.  In  doing  this  r  is  in- 
creased, and  equations  (2)  and  (4)  show  that,  whilst  we  are 

increasing  6  in  the  ratio  ,  <^  increases  in  the  square  of  that 

ratio.  ^  H- 

Now,  by  diminishing  H,  r  may  readily  be  made  as  large  as 
27r,  in  which  case  the  relative  sensitiveness  of  the  two  methods 
would  be  given  by  the  equation 

4>  =  2ne.     .......     (5) 

From  this  it  would  appear  that  the  value  of  <^  is  only  limited 
by  that  of  n.  This  latter  quantity,  again,  cannot  exceed  a 
limit  determined  by  the  duration  of  the  transient  current. 
This  duration  Blaserna  gives  as  g^^  second,  or  thereabouts,  in 
one  of  the  cases  investigated  by  him  ;  but  the  capabilities  of 
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the  apparatus  would  fix  a  limit  far  before  any  such  speed  was 
reached.  It  does  not,  however,  appear  to  be  beyond  the  mark 
to  say,  that  the  sensitiveness  could  be  in  this  method  made 
fifty  times  as  large  as  that  of  the  ordinary  mode  of  experi- 
menting. 

The  conclusion  expressed  in  equation  (3)  has  been  experi- 
7)ie7itally  verified  by  comparing  0  and  6  with  the  following 
arrangement: — A  single  Leclanche  cell  sends  a  current  through 
the  primary  of  a  certain  pair  of  coils.  The  secondary  is  con- 
nected up  to  the  galvanometer;  and  the  induced  current  at 
breaking  is  used  to  deflect  the  needle. 

To  obtain  a  constant  succession  of  transient  secondary  cur- 
rents in  the  same  direction,  the  apparatus  shown  in  the  sketch 
is  used: — A  is  a  cylinder  of  hard  dry  Avood  5^  inches  in  dia- 
meter, which  rotates  on  its  axis  6  c  in  the  direction  of  the 
arrow.  On  the  surface  of  A  are  fixed  the  brass  strips  B,  C, 
five  in  each  row  :  the  pieces  B  are  in  metallic  connexion  with 
each  other  and  also  with  h ;  similarly  the  pieces  C  are  con- 


nected to  the  other  end  of  the  axis  c.  F,  G  are  springs  keep- 
ing an  electrical  contact  with  h  c  respectively  whilst  the  axis 
rotates.  D,  E  are  springs  pressing  firmly  on  the  cylinder,  and 
making  contact  with  the  brass  strips  when  they  pass  under- 
neath. F,  D  are  inserted  in  the  primary  circuit;  E,  Gin  the 
secondary.  Thus  the  secondary  circuit  is  only  closed  between 
each  break  and  make  of  the  primary  ;  and  only  the  induced 
current  at  break  flows  in  it. 

It  is  found  that  when  the  cylinder  is  rotated,  a  steady  de- 
flection of  the  needle  is  obtained,  which  increases  with  the 
speed  of  rotation,  as  equation  (2)  leads  us  to  expect. 
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With  the  coils  mentioned  above  and  with  one  Lechanch^ 
in  the  primary,  d  ^vas  13  scale-divisions  (the  galvanometer 
beinfr  shunted),  t  was  7^  seconds,  or  about  27r.  When  the 
cylinder  was  making  about  4  revolutions  per  second  (giving 
20  breaks  per  second),  <p  was  found  to  be  a  little  over  500; 
that  is,  the  light  was  off  the  scale. 

Now  equation  (3)  gives 

<^  =  2nd  =  520. 
This  shows  that  a  value  of  cf)  enormously  in  excess  of  6  may 
be  obtained  ;  and  though  the  experiment  is  only  a  rough  proof 
of  equation  (3),  it  serves  to  show  the  greatly  increased  sen- 
sitiveness obtained. 

Other  experiments  of  a  similar  nature  were  made  ;  but, 
being  merely  confirmatory  of  this,  they  need  no  further  men- 
tion. It  is  possible  that  a  powerful  vibrator  might  with  ad- 
vantage be  substituted  for  the  rotating  cylinder;  and  this 
would  be  completely  self-acting;  but  it  is  doubtful  whether  it 
would  be  easier  of  manipulation  than  the  cylinder,  which  can 
be  very  conveniently  worked  by  a  treadle,  thus  leaving  the 
hands  quite  free  to  adjust  the  resistances. 

In  using  the  rotating  cylinder  with  the  bridge,  E  G  would 
be  inserted  in  the  "  bridge  wire ; "  and  since  that  is  thereby 
broken  whenever  the  battery  is  on,  the  effect  due  to  the  in- 
duced current  is  separated  from  that  due  to  any  very  slight 
derangement  of  the  balance — a  great  advantage  when  it  is 
remembered  how  troublesome  the  presence  of  this  latter  effect 
is  liable  to  be  with  the  ordinary  arrangement. 

Derby,  December  30, 1881. 


XII.   On  Sound-Shadows  in  Water.     By  John  LeConte*. 

1.  nV/T'ORE  or  less  perfect  sound-shadows  thrown  by  hills, 
-^'-L  buildings,  piers,  and  other  obstacles  to  the  trans- 
mission of  aerial  vibrations,  must  be  within  the  experience  of 
all.  Nevertheless  the  boundaries  of  such  shadows  are  so 
imperfectly  defined,  that  they  can  hardly  be  compared,  except 
in  a  general  way,  with  those  of  light.  Moreover,  in  some 
cases  the  obstacles  placed  in  the  route  of  the  sound-waves, 
being  elastic,  propagate  more  or  less  perfectly  the  sonorous 
vibrations  of  the  air  through  their  thickness;  so  that,  under 
these  conditions,  it  is  similar  to  producing  a  light-shadow  by 
means  of  a  transparent  or  translucent  body. 

2.  But  even  in  cases  in  which  the  sound-vibrations   in  air 
are  not  sensibly  transmitted  through  the  intervening  obstacle 

*  From  .advanco  shcots  of  the  'American  Journal  of  Science,'  vol.  xxiii. 
January  1882.     Communicated  by  the  Author. 
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tho  boundaries  of  the  sound-shadows  are  necessarily  very 
imperfectly  defined;  for  the  amount  of  diffractive  divergence 
proceeding  from  the  secondary  waves,  originating  at  the 
boundaries  of  the  obstacle  and  propagated  within  the  geo- 
metrical shadow,  is  usually  so  considerable  that  the  diminu- 
tion of  intensity  of  sound  behind  it,  although  quite  perceptible, 
is  by  no  means  so  conspicuous  as  might  be  expected. 

3.  The  contrast,  in  this  respect,  between  sound  and  light 
is  well  expressed  by  Lord  Rayleigh  : — "  AYhen  waves  of  sound 
impinge  upon  an  obstacle,  a  portion  of  the  motion  is  thrown 
back  as  an  echo,  and  under  cover  of  the  obstacle  there  is 
formed  a  sort  of  sound-shadow.  In  order,  however,  to  pro- 
duce shadows  in  any  thing  like  optical  perfection,  the  dimen- 
sions of  the  intervening  body  must  be  considerable.  The 
standard  of  comparison  proper  to  the  subject  is  the  wave- 
length of  the  vibration ;  it  requires  almost  as  extreme  condi- 
tions to  produce  rays  in  the  case  of  sound,  as  it  requires  in 
optics  to  avoid  producing  them  "  *.  In  other  words,  the  dif- 
ference between  sound  and  light  results  from  the  well-known 
foct,  that  an  ordinary  obstacle  bears  an  immense  ratio  to  the 
length  of  a  wave  of  light ;  but  does  not  bear  a  very  great 
ratio  to  the  length  of  a  sound-wave.  Hence  it  follows,  from 
the  mathematical  theory  of  undulations,  that  the  waves  of 
sound  bend  around  obstacles,  and  ])roduce  more  or  less  effect 
within  the  geometrical  shadow,  whereas  light-shadows  have 
definite  boundaries  and  are  more  sharply  defined.  For,  in 
the  case  of  light,  calculation  shows  that  at  any  point  decidedly 
Avithin  the  geometrical  projection  of  the  obstacle  from  the 
luminous  source  the  disturbance  vanishes,  while  at  any  point 
outside  of  the  geometrical  projection  the  disturbance  is  the 
same  as  if  the  primary  wave  had  passed  the  screen  unimpeded. 
But  this  is  only  partially  true  in  the  case  of  ordinary  sound- 
Avaves,  in  consequence  of  their  considerable  length  ;  it  is 
rigorously  true  only  when,  as  in  optics,  the  diameter  of  the 
obstacle  is  large  in  comparison  with  the  wave-length. 

4.  There  are,  however,  other  causes,  depending  upon  the 
differences  between  the  sense  of  hearing  and  of  sight,  which 
doubtless  render  the  appreciation  of  the  shadows  of  sound 
much  less  distinct  than  those  of  light.  On  this  point.  Lord 
Rayleigh  justly  remarks  : — "  In  many  cases  sound-shadows 
appear  much  less  perfect  than  theory  would  lead  us  to  expect. 
The  anomaly  is  due  in  a  great  measure,  I  believe,  to  an  error 
of  judgment,  depending  on  the  enormous  range  of  intensity 
with  which  the  ear  is  capable  of  dealing.     The  whistle  of  a 

*  '  Theory  of  Souud/  vol.  ii.  p.  106,  art.  283.     Loudon,  1878. 
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locomotive  is  very  loud  at  a  distance  of  ten  yards.  At  a  mile 
off  the  intensity  must  be  30,000  times  less  ;  but  the  sound 
still  appears  rather  loud,  and  would  probably  be  audible,  under 
favourable  circumstances,  even  when  enfeebled  in  the  ratio  of 
a  million  to  one.  For  this  reason,  it  is  not  easy  to  obtain 
complete  shadows  "*.  In  other  terms,  the  range  of  audition 
is  so  extensive,  that  the  diffractive  secondary  waves  originating 
at  the  boundaries  of  the  obstacle  and  propagated  into  the 
geometrical  shadow,  though  comparatively  feeble,  produce 
decided  sensuous  impressions  upon  the  auditory  apparatus  of 
the  ear. 

5.  The  mathematical  theory  of  undulations  indicates  that 
acoustical  shadows  should  be  more  distinct  for  short  waves 
than  for  long  waves.  This  prevision  has  been  verified  by  the 
experiments  of  Lord  Eayleighf,  who  found  that  the  sound- 
shadows  cast  by  acute  sounds  were  more  distinct  than  those 
produced  by  grave  sounds. 

6.  Another  prevision  of  theory  has  been  experimentally 
verified  both  in  the  case  of  light  and  of  sound.  It  is  well 
known  that  the  great  geometer  Poisson,  in  applying  Fresnel's 
integrals  to  the  case  of  the  diffraction  of  light  produced  by  a 
small  opaque  circular  disk,  was  led  to  the  startling  result 
that  the  illumination  of  the  centre  of  the  shadow  was  precisely 
the  same  as  if  the  disk  had  been  altogether  removed.  This 
deduction  from  theory  was  experimentally  verified  by  the 
illustrious  Arago,  by  means  of  an  opaque  circular  disk  2  mil- 
lim.  in  diameter;  for  he  observed  a  bright  point  in  the  centre 
of  the  shadow  of  the  disk  on  which  waves  of  light  were  directly 
incident.  In  this  case  the  secondary  waves  originating  at 
the  disk  find  the  conditions  of  complete  concui-rence  at  a 
definite  point  in  the  axis  of  the  geometrical  shadow. 

7.  The  difiiculties  to  be  overcome,  in  the  experimental 
verification  of  the  acoustical  analogue  of  this  beautiful  pheno- 
menon, are  entirely  different  from  those  of  optics,  on  account 
of  the  immense  disproportion  of  wave-lengths.  In  light,  the 
disk  must  be  small,  and  the  luminous  source  must  have  a 
very  small  angular  magnitude.  In  sound,  the  disk  must  be 
comparatively  large,  and  the  sounds  must  be  acute.  Lord 
Rayleigh  has  recently  succeeded  in  experimentally  verifying 
this  prevision  of  theory  in  the  case  of  sound,  by  means  of  a 
circular  disk  about  fifteen  inches  in  diameter,  with  a  bird-call 
as  the  source  of  sound,  placed  at  a  distance  of  twenty  inches 
from  the  centre  of  the  plane  of  the  disk.     At  twenty-four 

*  Phil.  Mag.  5th  series,  vol.  iii.  p.  458  (1877). 
t  Ibid.  pp.  458,  459  (1877). 
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inches  on  the  further  side  of  the  disk,  the  augmentation  of  the 
intensity  of  the  sound,  in  the  axis  of  the  acoustical  shadow, 
was  obvious  both  to  the  ear  and  to  a  sensitive  flame*. 

Sound-Shadows  in  Water. 

8.  It  is  a  significant  fact  in  relation  to  the  phenomenon  of 
acoustical  shadows,  that  they  seem  to  be  more  perfect  or  more 
sharply  defined  in  water  than  in  air.  Thus,  during  the  pro- 
gress of  the  classical  experiments  of  Daniel  Colladon,  in 
November  1826,  on  the  velocity  of  sound  in  the  waters  of  the 
Lake  of  Geneva,  this  physicist  incidentally  observed  that  when 
the  end  of  the  hearing-tube  {cornet  acousiique),  plunged  into 
the  water,  was  screened  from  rectilinear  communication  with 
the  bell  by  a  projecting  wall  running  out  from  the  shore, 
whose  top  was  above  the  surface  of  the  lake,  there  was  a  very 
remarkable  diminution  in  the  intensity  of  the  sound,  in  com- 
parison with  that  observed  at  a  point  equally  distant  from,  but 
in  direct  communication  with,  the  source  of  sound,  or  out  of 
the  "  acoustic  shadow,"  thus  indicating  the  relative  non- 
divergence  of  the  rays  of  sound  around  obstacles  in  water  as 
compared  with  those  in  airf. 

9.  Another  fact  observed  by  Colladon  during  these  famous 
experiments  is,  in  this  connection,  no  less  significant.  He 
found  that  the  sound  of  the  bell  struck  under  water,  when 
heard  at  a  distance,  has  no  resemblance  to  its  sound  in  the 
air.  Instead  of  a  prolonged  tone,  a  short  sharp  sound  is  heard, 
like  two  knife-blades  struck  together.  It  was  only  within 
200  metres  that  the  musical  tone  of  the  bell  was  distinguish- 
able after  the  blow.  In  air,  it  is  well  known,  the  contrary 
takes  place — the  shock  of  the  first  impulse  of  the  hammer 
being  heard  only  in  the  immediate  neighbourhood  of  the  bell, 
while  the  continued  musical  sound  is  the  only  one  that  affects 
the  hearing  at  a  distance^ .  Sir  John  Herschel,  in  his  Treatise 
on  Sound  §,  promised  to  explain  this  curious  difterence,  but 
has  not,  so  far  as  I  can  find,  done  so.  Colladon  ||  explains 
this  phenomenon  by  the  nature  of  the  sonorous  vibrations  in 
water,  showing  that  the  duration  of  the  sound  will  be  much 
less  when  transmitted  by  water  than  when  propagated  by  air. 

Experiments  of  L.  J.  LeConte  in  1874. 

10.  The  preceding  remarks  show  that  comparatively  few 
exact  observations  have  been  made  on  the  obstruction  pro- 

*  Phil.  Mag.  5tli  series,  vol.  ix.  pp.  281,  282  (1880). 

t  Ann.  de  Chim.  et  de  Phi/s.  2nd  series,  vol.  xxxvi.  pp.  256,  257  (1827). 

X  Op.  cit.  svpra,  p.  254. 

§  Encyc.  Metrop.  art.  101.  ||   Op.  cit.  p.  255. 
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duced  by  interposed  obstacles  to  the  propagation  of  sound- 
waves in  different  media.  The  following  experimental  results 
in  relation  to  acoustical  shadows  in  water  may  be  of  interest 
to  physicists.  The  experiments  were  executed  in  1874*,  at 
my  suggestion,  by  my  son,  L.  J.  LeConte,  during  the  engi- 
neering operations  incident  to  the  removal  of  "  Rincon  Eock," 
a  sandstone  reef  in  the  harbour  of  San  Francisco  (near  the 
south-eastern  water  front  of  the  city),  by  means  of  "  surface 
blasting  "  with  "  giant  powder  "  or  dynamite.  The  depth  of 
water  on  the  reef  was  about  fifteen  feet  at  low  tide,  with  an 
extreme  tidal  range  of  about  six  feet.  The  "  cans  "  or  "  car- 
tridges "  of  "  giant  powder  "  used  contained  each  about  fifteen 
pounds  of  the  explosive  compound,  comprising  about  75  per 
cent  of  nitro-glycerine. 

11.  Effects  of  the  Explosive  Shock. — It  was  observed  that  the 
suddenness  of  the  shock  imparted  to  the  water  by  this  explosive 
agent  produced  the  most  remarkable  and  astonishing  effects. 
At  the  distance  of  300  feet  or  more  from  the  detonating  car- 
tridge, two  distinct  shocks  were  experienced.  The  first  shock 
came  through  the  intervening  water,  and  was  felt  as  a  short 
concussion  or  click  before  there  was  any  sensible  elevation  of 
the  column  of  water  resting  over  the  point  of  explosion.  The 
second  shock  came  a  little  later  by  the  air,  and  was  heard.  It 
was  evidently  communicated  to  the  air  by  the  water,  at  the  time 
the  elastic  pulse  transmitted  by  this  liquid  (the  first  shock) 
emerged,  in  a  direction  nearly  normal  to  its  surface,  over  a 
limited  area  around  a  point  vertically  above  the  exploding  car- 
tridge. This  was  obvious  from  the  fact  that  aerial  sound  came 
from  this  region.  The  area  which  was  the  source  of  the  sound 
transmitted  by  the  air,  was  the  same  as  that  from  which  the 
small  jets  of  water  (noticed  hereafter,  14)  were  projected.  The 
gases  generated  during  the  explosion  came  to  the  surface  much 
later  than  this  shock,  and  after  elevating  the  column  of  Avater 
over  the  position  of  the  cartridge  to  the  height  of  twenty-five 
or  thirty  feet. 

It  is  the  character  of  the  first  shock  that  deserves  special  no- 
tice. To  a  person  sitting  in  a  small  boat  floating  on  the  water 
at  a  distance  of  300  feet  or  more  from  the  point  of  explosion, 
with  his  feet  resting  on  its  bottom,  the  shock  was  felt  as  a 
sudden  blow  applied  to  the  soles  of  the  feet.  In  fact,  it  drove 
out  the  oakum  from  the  seams  in  the  bottom  of  the  boat.  When 
the  observer  stood  on  the  top  of  a  vertical  wooden  pile,  this 
shock  was  felt  as  a  sudden  concussion  coming  up  from  the 

*  The  long  delay  iu  wiiting  out  the  notes  of  these  experiments  in  form 
for  publication  has  been  due  to  domestic  afiliction  and  the  subsecj^ueut 
pressure  of  perplexing  duties. 
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water  along  the  cylinder  of  wood.  The  concussion  produced 
by  such  an  explosion  was  so  violent  that  it  killed  or  stunned 
the  fish  in  the  water  within  a  radius  of  200  or  300  feet  from 
the  explosive  centre.  They  rose  to  the  surface  in  a  helpless 
condition,  and  were  secured  by  the  boys. 

Experiments  on  Sound-Shadows. 

12.  E.vperiments  with  stout  glass  (^soda-water)  Bottles. — In 
these  experiments  the  observer  stood  on  the  top  of  a  vertical 
cylindrical  pile  (the  trunk  of  an  Oregon  pine)  about  one  foot 
in  diameter,  situated  about  forty  feet  horizontally  from  the 
explosive  cartridge.  The  bottle,  being  secured  to  a  rigid  rod, 
was  first  plunged  under  the  water  from  ten  to  twelve  inches 
behind  the  pile  (fig.  1,  A),  that  is  within  its  geometrical 
shadow.  The  shock  of  the  explosion  did  not  injure  the  bottle. 
It  was  then  plunged  into  the  water  in  front  of  the  pile  (fig.  1, 
B),  or  outside  of  its  geometrical  shadow.  In  this  position 
the  bottle  was  shivered  to  atoms  by  the  concussion  due  to  the 
explosion.  As  viewed  from  the  experimenter^s  situation  on 
the  top  of  the  pile,  fig.  1,  A'  and  B'  indicate  the  two  positions 
of  the  bottle  in  the  preceding  experiments. 


Ob- 
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Theexperiments  were  varied  by  plunging  bottles  into  the 
water  in  various  positions  around  the  pile,  within  and  outside 
of  its  geometrical  projection  from  the  explosive  centre  ;  and 
in  all  cases  they  were  protected  from  injury  when  within  the 
geometrical  shadow,  and  were  shivered  when  outside  of  the 
same.  The  same  results  took  place  whether  the  bottles  were 
filled  with  water  or  with  air. 
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The  breaking  of  a  glass  vessel  by  a  sudden  shock  communi- 
cated by  means  of  water  is  a  fact  long  known,  and  is  illus- 
trated by  the  old  familiar  class  experiment  of  exploding  a 
"  Prince-Rupert  drop  "  while  its  bulb  is  plunged  into  an  ordi- 
nary apothecary's  phial  filled  M'ith  water. 

13.  Experiments  with  stout  glass  Tubes. — The  cylindrical 
glass  tubes  employed  were  about  6  feet  long  and  1*5   inch 

Fig.  2. 


in  diameter,  the  glass  being  about  0*5  of  an  inch  in  thickness. 
They  were  covered  by  pasting  cartridge-paper  over  them,  so 
as  to  prevent  the  loss  of  fragments  when  breakage  occurred. 
(See  fig.  2,  M.) 

The  tubes  were  adjusted  to  a  framework  of  wood  so  arranged 
(fig.  2,  N)  that  they  could  be  plunged  in  a  horizontal  posi- 
tion beneath  the  surface  of  the  water  behind  the  pile,  the  axis 
of  the  tube  being  at  right  angles  to  the  plane  of  its  shadow, 
and  held  there  (the  observer  standing  as  before  on  the  top) 
with  the  middle  of  the  tube  in  the  geometrical  shadow,  while 
the  two  extremities  projected  on  either  side  about  2'5  feet 
beyond  the  boundaries  of  said  shadow.  (Fig.  3,  C  and  C^) 
In  every  case  the  shock  of  the  explosion  shivered  the  pro- 
jecting portions  of  the  tube,  and  left  the  portion  within  the 
shadow  uninjured.  The  boundaries  between  the  broken  and 
the  protected  portions  of  the  glass  were  sharply  defined. 

By  standing  on  the  top  of  a  second  pile,  in  the  direction  of 
the  axis  of  the  shadow  of  the  first  pile,  and  distant  about  12 
feet,  the  experiments  were  varied  by  plunging  the  framework 
and  tubes — adjusted  at  right  angles  to  the  plane  of  the  pro- 
longed shadow — into  the  water  at  this  distance  (12  feet)  from 
the  obstacle  which  obstructed  the  sound-wave  transmitted  by 
the  liquid.  (Fig.  3,  D  and  D'.)  The  shock  of  the  explosion 
produced  sensibly  the  same  results  as  when  the  tube  was  near 
to  the  obstructing  obstacle.  The  protected  portion  of  the  hori- 
zontal glass  tube  was  sensibly  equal  in  length  to  the  diameter 
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of  the  pile  casting  the  shadow  ;  hence  the  shadow  of  the 
cylindrical  pile  extended  back  for  about  12  feet  between  sen- 
sibly parallel  vertical  planes,  and  its  boundaries,  at  this  distance, 
were  still  sharply  defined. 


Fig.  3. 


S 


It  is  evident  that,  if  the  explosive  centre  were  of  insensible 
maornitude,  the  horizontal  thickness  of  the  geometrical  shadow 
of  the  pile,  at  a  distance  of  12  feet  beyond  it,  would  be  aug- 
mented in  the  ratio  of  40  to  40+12,  or  of  40  to  52,  these 
numbers  being  the  distances  in  feet  from  the  centre;  so  that, 
if  the  thickness  of  the  shadow  at  the  pile  were  12  inches,  its 
thickness  at  12  feet  beyond  would  be  15*6  inches.  If,  how- 
ever, the  explosive  energy  occupied  more  or  less  space  (as  was 
the  casein  relation  to  the  "  giant-powder  "  cartridges),  the 
thickness  of  the  geometrical  shadow  or  umbra  cast  by  the 
pile  might  not  increase  sensibly  with  augmenting  distance  ; 
and,  indeed,  in  case  the  exploding  body  exceeded  12  inches  in 
diameter  the  thickness  of  the  shadow  would  diminish  with 
increasing  distance  from  the  obstructing  pile,  as  in  the  case 
of  the  umbra  cast  by  an  opaque  body  which  is  smaller  than 
the  luminous  source. 

14.  Another  Phenomenon  observed. — Another  interesting 
phenomenon  came  under  our  notice  during  the  execution  of 
these  experiments.  It  was  the  singular  effects  observed  on 
the  surface  of  the  water  (when  perfectly  calm  and  glassy)  for 
a  certain  area  around  the  point  immediately  over  the  explo- 
ding cartridge.     Simultaneous  with  the  first  shock  (11)  trans- 
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mitted  by  the  water — and  before  the  ascending  gases  of 
explosion  disturbed  it — the  surface  of  the  liquid  exhibited 
numerous  jets  of  water,  rising  to  the  height  of  about  3  inches 
over  the  centre  of  the  area,  and  diminishing  in  height  with 
augmenting  distance  from  the  centre.  The  appearance  pre- 
sented was  not  unlike  that  produced  by  a  heavy  shower  of 
rain  falling  on  the  calm  waters  of  a  lake  (fig.  4).  To  an 
observer  in  a  boat  floating  on  the  adjacent  water,  and  con- 
sequently viewing  the  phenomenon  from  a  point  near  the 
water-level,  there  seemed  to  be  a  curious  quincunx-like  arrange- 
ment of  the  jets. 

Explanation  of  the  Phenomena  observed. 

15.  Greater  Distinctness  of  Sound-Shadoivs  in  Water. — The 
much  greater  distinctness  of  acoustical  shadows  in  water,  as  com- 
pared with  those  in  air,  appears  to  be  pretty  clearly  established 
by  the  experiments  of  Colladon ;  and  the  fact  seems  to  be  abun- 
dantly confirmed  by  those  which  we  have  recorded  in  the  prece- 
ding pages.  This  is  an  interesting  and  significant  phenomenon 
in  relation  to  the  theory  of  sound.  At  first  sight  it  might  be 
supposed  that  the  difference  is  due  to  the  greater  velocity  of 
propagation  of  the  sound-wave  in  water.  This  may  have 
been  Sir  John  Herschel's  idea  when  he  explained  Colladon's 
results  by  reference  to  the  greater  elasticity  of  water*. 

But,  as  already  indicated  (3),  according  to  the  mathe- 
matical theory  of  undulations,  the  intensity  of  the  effects  due 
to  the  secondary  weaves  progagated  into  the  geometrical 
shadow  from  the  borders  of  the  obstacle  is  not  directly  de- 
j^endent  upon  the  velocity  of  propagation,  but  is  properly  a 
function  of  the  wave-leno-th,  the  diftractive  divergence  beincj 
less  for  short  than  for  long  waves.  Hence  it  follows  that  the 
distinctness  of  sound -shadows,  like  those  of  light,  should 
depend  upon  the  shortness  of  the  wave-length.  We  have 
already  seen  (5)  that  expei-iment  verifies  this  prevision  of 
theory  in  the  case  of  sound-waves  in  air,  by  demonstrating 
that  acute  sounds  cast  more  distinct  shadows  than  "-rave 
*  "  Treatise  on  Sound,"  Encyc.  Metrop.,  art.  102. 
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sounds.  Does  this  principle  apply  to  sound-shadows  in 
water  ? 

Some  physicists  have  attempted  to  explain  the  phenomenon 
of  the  great  distinctness  of  sound-shadows  in  water,  as  in- 
dicated hy  the  observations  of  Colladon  (8),  by  assuming  that 
the  lengths  of  the  sonorous  waves  propagated  through  water 
are  much  shorter  than  those  transmitted  through  air^.  But  no 
reason  is  given  for  this  fundamental  assum})tion,  other  than 
that  it  is  required  by  the  demands  of  the  theory  of  undulations, 
in  order  to  account  for  the  more  perfect  shadows  in  Avater. 
It  evidently  would  be  vastly  more  philosophical  to  establish  as 
a  matter  of  fact  the  greater  shortness  of  the  sound-waves  in 
water,  and  thus  to  verify  the  deductions  of  theory.  Tliis  we 
shall  endeavour  to  accomplish. 

16.  Measurement  of  Wave-lengths. — With  regard  to  con- 
tinuous or  musical  sounds,  we  have  the  means  of  very 
readily  determining  the    wave-length  ;    for    it   is    equal   to 

Velocity  of  Sound  -r.    .  •  i      ,     ,i        c-         xi    ^    xi 

TT^^ — i f.  TT-i — -r- — •     It  is    evident,  thereiore,  that,  the 

JN umber  or    Vibrations 

number  of  vibrations  or  musical  pitch  of  the  sonorous  body 
remaining  the  same,  the  wave-length  in  water,  so  far  from 
being  shorter,  must  be  more  than  four  times  as  long  as  they 
are  in  air.  Hence,  according  to  theory,  if  Colladon's  obser- 
vations had  been  within  the  radius  (200  metres)  at  w^hich  the 
musical  tone  of  the  sonorous  bell  was  heard,  the  sound-shadows 
would  have  been  less  distinct  than  in  air.  Unfortunately, 
Colladon  does  not  inform  us  at  what  distance  from  the 
vibrating  bell  his  observations  in  relation  to  the  acoustical 
shadows  were  made ;  so  that  it  is  impossible  to  apply  this 
critical  test  of  the  theory  of  shadows.  But  the  presumption 
is,  that  the  observations  were  made  in  the  neighbourhood  of 
Thonon  (while  the  sonorous  bell  was  placed  at  Rolle),  at  a 
distance  of  13,487  metres  from  the  source  of  sound,  these 
being  the  arrangements  during  the  execution  of  the  experi- 
ments for  determining  the  velocity  of  sound  in  the  waters  of 
the  Lake  of  Geneva.  At  all  distances  from  the  bell  greater 
than  200  metres,  as  we  have  seen  (9),  the  sound  lost  its 
musical  character  and  became  short  and  sharp,  like  two  knife- 
blades  struck  together.  Hence,  under  the  assumption  that  the 
observations  on  sound-shadows  were  made  very  far  beyond 
the  limits  at  which  musical  tones  were  transmitted,  we  are 
precluded  from  determining  the  wave-length  by  the  number 
of  vibrations.  It  appears  that  in  water  grave  sounds  are  more 
rapidly  suppressed  or  damped  than  acute  sounds  ;  so  that  at 

•  Vide  W.  H.  C.  Bartlett's '  Elements  of  Natural  Philosophv,'  "Acoustics 
and  Optics,"  4tli  ed.,  N.  Y.  1866,  p.  75,  art.  66. 
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moderate  distances  from  the  sonorous  centre  only  the  short 
and  sharp  sound  due  to  the  shock  of  the  striking  hammer  was 
transmitted  to  distant  points  through  the  water.  It  is  obvious 
that  the  wave-lengths  of  sounds  of  this  character  must  be 
determined  by  other  considerations  than  those  relating  to  the 
musical  pitch. 

In  relation  to  solitary  waves  generated  by  sudden  blows 
and  explosions*,  it  may  be  more  ditficult  to  form  a  j  ust  estimate 
of  the  wave-length  than  in  the  case  of  musical  sounds.  Never- 
theless it  is  evident  that  the  wave-length  must  be  directly  pro- 
portional to  the  time  occupied  by  the  displacing  impulse,  mul- 
tiplied by  the  velocity  of  transmission  of  the  elastic  pulse. 
In  algebraic  terms,  if  L  =  wave-length,  ^=stime  of  the  genera- 
ting impulse,  and  v  =  velocity  of  sound  in  the  elastic  medium ; 
we  have,  L  varies  as  ^  x  v,  or  L  =  ^  x  v.  Consequently,  in  a 
given  medium,  in  which  v  remains  constant,  L  will  be  a  func- 
tion of  t,  or  the  duration  of  the  generative  impulse  ;  so  that 
when  the  factor  t  is  indefinitely  small,  the  value  of  L  will  be 

*  It  may  be  questionable  whether  the  elastic  waves  generated  by 
momentary  explosions  or  detonations  can  be  properly  regarded  as  strictly 
solitary.  It  is  possible  that,  in  such  cases,  groups  of  waves  are  generated 
similar  to  those  discussed  by  Lord  Rayleigh  in  the  Appendix  to  his  work 
on  the  Theory  of  Sound,  vol.  ii.  pp.  297-302. 

Furthermore,  the  admirable  and  exquisitely  refined  arrangements  de- 
vised by  Kegnault  for  investigating  the  phenomena  of  sound  enabled  him 
to  submit  this  question  to  a  more  or  less  satisfactory  experimental  test,  so 
far  as  aerial  waves  are  concerned  (Memoires  de  I  Acad,  des  Sciences, 
vol.  xxxvii.  pp.  45-49  et  pp.  278-282:  Paris,  1868).  He  found  that 
the  explosion  of  a  pistol  charged  with  ordinary  powder  does  not  produce 
only  a  single  wave,  since  it  gave  rise  to  a  recognizable  musical  tone  of  very 
brief  duration  (p.  45) ;  and  the  same  was  the  case  with  the  sound  pro- 
duced by  the  detonation  of  a  mixture  of  oxygen  and  hydrogen  gases 
(p.  48).  But  the  explosion  of  a  small  charge  of  fulminate  of  mercury  was 
so  sudden  that  the  wave  generated  in  the  air  was  much  shorter,  and  the 
"  coup  "  was  much  more  "  sec,"  than  that  which  was  produced  by  a 
pistol  charged  with  ordinary  powder  (pp.  47,  48,  and  pp.  278-281). 
He  adds,  "  11  est  encore  difficile  de  decider  si  Ton  a  produit  ainsi  uue  onde 
unique,  mais  il  est  certain  que  si  plusieurs  ondes  prennent  naissance,  elles 
doivent  se  suivre  de  tres  pres''  (p.  48). 

Again,  the  observations  of  General  H.  L.  Abbot(U.  S.  Engineers),  incident 
to  the  heavy  blastings  at  Hallet's  Point,  Hell  Gate,  in  the  harbour  of  New 
York,  seem  to  render  it  at  least  probable  that  the  waves  transmitted  by  the 
earth  reached  the  distant  observers  in  groups,  or  as  a  train  of  waves 
(Silliman's  Journal,  vol.  xv.  (1878),  p.  178  et  seq.). 

Sir  G.  B.  Aiiy  maintains  that  *'  there  is  reason  to  think  that  a  single 
wave  in  air  or  in  the  medium  of  light  would  not  produce  the  sensation  of 
sound  or  colour"  (Undulatory  Theory  of  Optics,  p.  15,  art.  18,  1866). 
No  reason  is  assigned  for  this  somewhat  extraordinary  assertion.  In  the 
case  of  light,  it  is  obvionsly  impossible  to  experimentally  test  the  vahdity 
of  this  idea  of  the  former  Astronomer  Royal ;  and  it  does  not  appear  to 
be  sustained  by  the  results  of  acoustical  experiments. 
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correspondingly  small.  Hence,  when  the  time  of  the  blow  or 
explosive  imi)ulse  is  exceedingly  brief,  the  wave-length  must 
be  proportionately  short. 

17.  AppUcatlon  to  Sound- Shadows. — In  the  experiments  of 
Colladon,  if  we  assume  that  the  brief  shock  of  the  hammer  on 
a  limited  portion  of  the  bell  was  alone  transmitted  to  the  dis- 
tant observer,  it  is  clear  that  only  the  short  sound-waves  thus 
generated  would  reach  the  distant  obstructing  wall  or  screen 
in  the  water;  and  consequently,  the  greater  definiteness  of 
the  acoustical  shadows  in  water  as  compared  with  those  in 
air  would  be  the  necessary  result  of  the  greater  shortness  of 
the  sound-waves  in  water.  Under  the  foregoing^assumptions, 
the  theory  of  undulations  appears  to  afford  a  satisfactory  ex- 
planation of  the  phenomenon  observed  by  Colladon.  Never- 
theless it  would  have  been  extremely  interesting  and  in- 
structive, as  a  very  severe  test  of  theory,  had  this  distinguished 
physicist  made  obsej'vations  on  the  relative  distinctness  of  the 
sound-shadows  in  the  water  within  the  musical  range  of  the 
submerged  bell,  as  compared  with  those  observed  at  points 
so  remote  that  only  the  sharp  blow  of  the  hammer  was  audible 
in  the  water. 

In  like  manner,  the  application  of  the  principle  of  briefness 
of  elastic-wave-genesis  to  the  explanation  of  the  phenomena 
observed  by  my  son  in  his  "  Dynamite  "  experiments,  is  suffi- 
ciently obvious.  In  fact,  all  the  phenomena  incident  to  the 
explosion  or  detonation  of  the  nitro-glycerine  compounds  indi- 
cate that  the  impulse  generated  is  of  indetinitely  brief  dura- 
tion ;  indeed  its  suddenness  is  almost  beyond  conception. 
Thus,  a  dynamite  cartridge  placed  upon  a  log  of  wood,  uncon- 
fined  and  free,  with  nothing  above  it  except  the  atmosphere, 
will,  when  exploding,  shiver  the  portion  of  timber  under  it  to 
atoms — the  detonation  being  so  instantaneous  that  the  super- 
incumbent air,  as  well  as  the  gases  generated,  having  no  time 
to  be  displaced,  become  a  veritable  tampion. 

The  efficiency  of  surface-blasting  under  water  by  means  of 
these  explosive  compounds,  depends  upon  this  extraordinary 
suddenness  of  detonation,  which  renders  the  effect  akin  to 
that  of  the  sudden  blow  of  an  enormous  unyielding  mass.  It 
is  evident,  that  the  wave  generated  in  an  elastic  medium  like 
water  by  an  explosion  of  this  character  must  be  very  intense 
and  very  short.  Hence  the  acoustical  shadow  produced  by 
an  obstacle  placed  in  its  path  of  propagation  must,  as  in  the 
case  of  light,  be  sharply  defined  and  definite  in  its  boundaries. 
Thus  the  striking  fact,  that  the  protecting  influence  of  the 
piles  on  the  glass  vessels  plunged  in  the  water  was  narrowly 
circumscribed  within  the  limits  of  the  geometrical  shadow 

Phil.  Mag.  S.  5.  Vol.  13.  No.  79.  Feb.  1882.  K 


110  Mr.  J.  LeConte  07i 

may  be  rationally  traced  to  the  extreme  shortness  of  the 
elastic  wave,  due  to  the  inconceivably  brief  duration  of  action 
of  the  generative  detonations.  This  view  seems  to  afford  a 
satisfactory  explanation  of  the  remarkable  results  revealed  by 
the  experiments  in  the  harbour  of  San  Francisco. 

18.  Gunpoioder  Explosions. — If  the  foregoing  is  the  true 
explanation  of  the  definiteness  of  the  sound-shadows  cast  in 
the  preceding  experiments,  then  the  waves  generated  by  the 
explosion  of  ordinary  gunpowder,  being  less  sudden,  should 
not  produce  as  sharply-defined  shadows  as  those  due  to  the 
detonation  of  dynamite.  We  have,  so  far  as  known,  no 
specific  experiments  testing  this  point;  but  it  seems  to  be  quite 
reasonable  that  such  will  be  found  to  be  the  case  whenever 
the  test  of  experiment  is  applied ;  for  it  is  well  known  that  the 
subaqueous  explosions  of  ordinary  powder  do  not  give  rise  to 
the  remarkable  concussions  so  characteristic  of  the  detonations 
of  the  nitro-glycerine  mixtures. 

19.  Dynamite  Explosions  in  Air. — Moreover,  if  my  explana- 
tion is  correct,  the  acoustical  shadows  produced  by  nitro- 
glycerine detonation  in  air  ought  also  to  be  more  sharply 
defined  than  those  due  to  sounds  less  suddenly  generated.  In 
other  words,  if  the  distinctness  of  sound-shadows  depends 
upon  the  duration  of  the  impulse  which  produces  the  accom- 
panying sound-wave,  then  the  definiteness  of  the  shadows  cast 
by  sounds  propagated  through  the  air  should  vary  with  the 
suddenness  of  the  action  of  the  generating  cause. 

Inasmuch  as  the  variations  in  the  duration  of  the  genesis 
of  audible  sounds  in  the  atmosphere  must,  in  ordinary  ex- 
perience, be  very  great,  it  may,  at  first  sight,  appear  incredible 
that  the  corresponding  differences  in  the  perfection  of  sound- 
shadows  cast  by  obstacles  in  the  paths  of  different  kinds  of 
sounds  should  have  escaped  the  most  casual  observation.  But 
it  must  be  recollected  that,  for  the  reasons  already  assigned 
(1),  (2),  (3)  and  (4),  aerial  acoustical  shadows  are  not  readily 
appreciated  by  the  ear.  Moreover,  in  the  case  of  sounds 
transmitted  by  the  air,  the  distinctness  of  such  shadows  is  most 
seriously  impaired  by  the  numerous  reflected  waves  which 
come  from  circumjacent  objects.  It  should  be  borne  in  mind 
that  it  is  only  very  recently  (5)  that  the  influence  of  acute- 
ness  of  sounds  on  the  distinctness  of  the  resulting  shadows 
has  been  satisfactorily  verified  by  experiment.  In  like 
manner  I  venture  to  predict  that  careful  experiments  will 
verify  the  deduction  that  the  shadows  due  to  sounds  generated 
by  the  extraordinarily  brief  detonations  of  dynamite  are  more 
sharply  defined  than  those  owing  their  origin  to  sounds  less 
suddenly  produced. 
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In  confirmation  of  the  foregoing  view,  the  follovving  obser- 
ration  may  be  cited  :  on  the  16th  of  April,  1880,  an  explosion 
of  about  2000  or  3000  pounds  of  a  nitro-glycerine  compound 
occurred  at  the  "  Giant  Powder  Works,''  situated  under  a 
bluif  on  the  eastern  shore  of  the  Bay  of  San  Francisco,  at  a 
distance  (determined  by  triangulation)  of  16,201  feet  (4938 
metres)  in  a  direct  line,  in  a  north-west  direction,  from  my 
room  in  the  University  building.  About  twenty-five  adult 
men,  a  majority  of  them  Chinamen,  were  literally  blown  to 
atoms,  no  one  escaping  to  reveal  the  cause  of  the  accident. 
The  concussion  at  the  University  buildings — more  than  three 
miles  distant — was  sufficient  to  break  about  a  dozen  panes 
of  stout  window-glass  on  the  side  next  to  the  explosive  centre. 
Nearly  every  person  about  the  University  grounds  experienced 
two  distinct  shocks — one  transmitted  by  the  air,  and  the 
other  by  the  ground.  The  cottage  occupied  by  my  brother 
(Professor  Joseph  LeConte)  was  situated  in  the  geometrical 
shadow  of  one  of  the  buildings,  being  about  890  feet  on  the 
further  side  of  it.  No  aerial  shock  was  experienced  by  him 
or  any  member  of  the  household  ;  and  the  concussion  trans- 
mitted by  the  earth  was  alone  felt  as  a  shock  emanating  from 
the  floor.  In  other  terms,  the  acoustical  shadow  cast  by  the 
intervening  structure  completely  cut  off  the  sound-wave 
coming  by  the  air.  It  is  scarcely  necessary  to  add,  that  for 
ordinary  sounds  such  would  not  have  been  the  result. 

20.  Phenomenon  of  Jets. — The  singular  phenomenon  ob- 
served by  my  son  (14),  of  numerous  small  jets  projected 
from  the  surface  of  the  water  when  the  shock  transmitted  by 
the  liquid  reached  the  surface-area  above  the  exploding 
cartridge,  was  probably  due  to  the  circumstance  that  when  the 
short  and  intense  elastic  wave  emerged  in  a  direction  normal, 
or  nearly  normal,  to  the  aqueous  surface,  the  tense  superficial 
capillary  film  yielded  to  the  sudden  impulse  more  readily  at 
some  points  than  at  others.  The  sensibly  homogeneous 
character  of  such  a  tensile  elastic  film  would  naturally  tend  to 
group  the  points  of  rupture,  or  jets  of  water,  into  morft  or  less 
perfect  order^  partaking  more  or  less  of  geometrical  symmetry. 
Hence  the  curious  quincunx-like  arrangement  of  jets  as 
viewed  by  the  observer  near  the  water-level.  According  to 
this  view,  the  phenomenon  in  question  seems  to  find  its 
counterpart  or  analogue  in  the  more  or  less  symmetrical  forms 
produced  by  the  intersection  of  the  lines  of  rupture  as  the 
result  of  the  tensional  strains  due  to  the  contraction  of  homo- 
geneous masses,  during  the  process  of  cooling  or  of  desiccation. 
Thus  the  columnar  structure  of  certain  igneous  rocks  seems 
to  be  due  to  the  tensile  stress  of  contraction  by  cooling  after 
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solidification  supervened  ;  while  the  analogous  structure  de- 
veloped by  the  desiccation  of  homogeneous  masses  of  moist 
clay,  mud,  or  starch  appears  to  be  produced  by  a  similar  strain 
consequent  upon  shrinkage  from  loss  of  moisture.  In  a 
similar  manner,  the  tense  superficial  capillary  film  of  the 
water,  when  it  experiences  the  sudden  molecular  impulse  due  to 
the  emergence  of  the  elastic  pulse,  is  ruptured  along  lines  more 
or  less  symmetrically  disposed  on  the  surface  of  the  water  ; 
and  the  liquid  beneath  is  projected  through  these  lines  or 
points  of  least  resistance. 

Berkeley,  California,  Oct.  25,  1881. 

XIII.  Chemical  Symmetry,  or  the  Influence  of  Atomic  Arrange- 
me7it  on  the  Physical  P7'operties  of  Comjyounds.  By  Thomas 
Caenelley,  D.Sc,  Pi'ofessor  of  Chemistry  in  Firth  College, 
Sheffield* . 

TWO  years  ago  I  published  in  this  Magazine  (Oct.  1879) 
a  paper  on  the  Influence  of  Atomic  Weight,  in  which 
I  endeavoured  to  trace  the  connexion  between  the  atomic 
weights  of  the  elements  and  their  properties  and  those  of  their 
compounds.  In  the  present  paper  I  wish  to  consider  this  sub- 
ject from  a  different  point  of  view,  viz.  the  influence  which 
the  atomic  position  or  arrangement  has  on  the  properties  of 
compounds. 

This  is  a  subject  which  has  lately  absorbed  a  great  deal  of 
attention,  more  especially  as  regards  the  connexion  between 
the  refractive  indices  of  compounds  and  the  arrangement  of 
their  constituent  atoms  in  the  molecule;  and  it  will  be  my 
object  to  give  as  brief  and  as  clear  a  sketch  as  possible  of  the 
chief  results  which  have  been  obtained  up  to  the  present,  tra- 
cing the  influence  which  atomic  arrangement  has  on  (1)  the 
melting-point,  (2)  the  solubility,  (3)  the  heat  of  formation, 
(4)  the  heat  of  combustion,  (5)  the  action  of  polarized  light, 
(6)  the  specific  refraction,  and  (7)  the  tinctorial  properties  of 
chemical  compounds.  For  this  purpose  I  shall  necessarily 
limit  myself  entirely  to  the  consideration  of  carbon  compounds, 
and  to  those  which  are  isomeric  with  one  another. 

Those  compounds  are  said  to  be  isomeric  which,  though 
having  the  same  percentage  composition  and  the  same  mole- 
cular weight,  have  very  different  physical  and  chemical  pro- 
perties. This  difference  in  properties  must  evidently  depend 
on  the  different  arrangement  or  linking  together  of  atoms  in 
the  molecules  of  the  several  compountls.     Thus,  acetic  acid 

*  Communicated  by  the  Author,  being  the  Opening  Address  of  the 
Session  to  the  Owens  College  Chemical  Society,  Nov.  18,  1881. 
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and  methyl  formate  have  both  exactly  the  same  composition, 
viz.  C2  H4  O2,  and  yet  have  very  different  properties, — the 
former  being  a  well-characterized  acid,  which  on  cooling  soli- 
difies in  the  form  of  large  transparent  plates,  which  melt  at 
+  17°  and  boil  at  118°  0.,  it  possesses  a  pungent  sour  smell, 
and  is  highly  corrosive;  whilst  the  latter  is  a  colourless  liquid 
which  has  not  yet  been  obtained  in  the  solid  state,  and  boils  as 
low  as  33°*4,  or  about  85°  below  the  isomeric  acetic  acid, 
from  which  it  also  differs  notably  in  emitting  a  pleasant 
ethereal  smell.  Since  both  compounds  have  exactly  the  same 
composition,  this  remarkable  difference  in  properties  can  only 
be  caused  by  the  atoms  being  arranged  differently  in  the  two 
bodies;  and  that  the  atoms  are  differently  arranged,  we  know 
from  the  various  chemical  decomj^ositions  which  the  two  com- 
pounds undergo.  This  difference  in  atomic  arrangement  is 
represented  by  the  following  graphical  formulae : — 


H 

H 

H     C     H 

1 

H     C     H 
1 

0-C     0     H 

1 

0=0   n 

Acetic  acid. 

Methyl  formate. 

In  the  former  the  two  carbon  atoms  are  directly  united,  whilst 
in  the  latter  they  are  combined  indirectly  by  means  of  oxygen. 

I.  Influence  of  Atomic  Arrangement  on  the  Melting- 
point. 

It  seems  strange  that  scarcely  any  attempt  has  been  made 
to  trace  the  connexion  between  the  composition  and  melting- 
points  of  carbon  compounds,  notwithstanding  that  the  melting- 
points  of  a  very  large  number  of  such  compounds  have  been 
determined.  The  most  noteworthy  of  these  attempts  is  that 
of  Baeyer,  in  regard  to  the  melting-points  of  the  fatty  acids, 
and  that  of  Korner,  who  states  that,  amongst  aromatic  com- 
pounds, what  are  called  para-derivatives  usually  melt  higher 
than  the  corresponding  ortho-  and  meta-derivatives. 

Attention  has  been  directed  almost  exclusively  to  the  boil- 
ing-points. Now  the  boiling-points  are  by  no  means  so  suit- 
able for  tracing  the  influence  of  atomic  arrangement  as  the 
melting-points,  since  they  are  far  from  being  such  a  fixed 
property  as  the  latter;  for,  as  is  well  known,  the  boiling-point 
is  raised  or  lowered  considerably  by  even  small  alterations  in 
the  pressure,  whilst  under  ordinary  circumstances  the  melting- 
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point  of  a  pure  compound  is  practically  fixed  and  constant, 
and  hence  depends  solely  on  the  nature  of  the  compound, 
whilst  the  boiHng-point  depends  not  only  on  the  nature  of  the 
compound,  but  also  on  the  superincumbent  pressure  ;  and, 
further,  given  alterations  of  pressure  by  no  means  produce 
corresponding  alterations  in  the  boiling-points  of  different 
compounds.  It  is  therefore  far  easier  to  trace  the  connexion 
between  melting-point  and  atomic  arrangement  than  the  con- 
nexion between  boiling-point  and  atomic  arrangement. 

Such  considerations  as  these  induced  me,  about  three  years 
ago,  to  commence  the  study  of  the  influence  of  composition  and 
atomic  arrangement  on  the  melting-points  of  organic  com- 
pounds. And  for  this  purpose  I  have  made  complete  lists  of 
all  the  melting-  and  boiling-points  which  have  been  deter- 
mined up  to  the  present  date.  This  tabulation  has  taken 
three  years,  and  was  finished  only  a  few  weeks  ago.  During 
this  time  I  have  collected  not  far  short  of  30,000  melting-  and 
boiling-points,  about  one  half  of  which  are  melting-points. 
The  systematic  arrangement  of  this  enormous  quantity  of  data 
is  now  in  progress;  and  I  have  already  been  able  to  trace  cer- 
tain relations  between  them,  which  I  hope  will  throAv  light  on 
the  influence  of  atomic  arrangement.  Some  of  these  I  now 
propose  to  describe  ;  but  at  the  same  time  I  wish  to  say  that, 
though  these  conclusions  have  been  verified  in  a  very  large 
number  of  cases,  I  have  not  yet  been  able  to  test  them  in 
every  possible  case,  because  the  systematic  tabulation  of  my 
lists  of  melting-points  is  not  yet  completed. 

Of  the  compounds  of  carbon,  the  aromatic  compounds  are 
perhaps  the  most  important,  and  are  certainly  the  most  inter- 
esting. These  compounds  may  all  be  considered  as  derived 
from  benzene. 

Benzene  has  the  formula  Cg  Hg;  and  its  constitution  is  gene- 
rally represented  as  follows: — 

CH 

HC      CH 

il       I 
HC      CH 
\  ^ 
CH 

or  it  consists  of  a  closed  ring  of  six  atoms  of  carbon  united 
alternately  with  one  and  two  combining-powers,  whilst  the 
fourth  combining-power  of  each  carbon  atom  is  combined  with 
hydrogen. 

The  aromatic  compounds  are  derived  from  this  ring  by 
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replacing  one  or  more  of  the  atoms  of  hydrogen  by  the  atoms 

or  groups  of  atoms  of  other  elements. 

The  ring 

I 
C 

/I  % 
-Co      20- 


>A- 


-C5       3( 

c 

I 

is  called  the  benzene  ring,  o*.  the  benzene  nucleus  ;  and  the 
carbon  atoms  in  this  ring  we  will  number,  for  sake  of  distinc- 
tion, as  in  the  figure. 

Now  suppose  we  replace  one  atom  of  hydrogen  by  an  atom 
of  another  element,  say  bromine  ;  then  wo  can  only  got  one 
derivative,  for  an  identical  compound  is  obtained  no  matter 
which  of  the  six  atoms  of  hydrogen  is  replaced  by  the  atom  of 
bromine,  thus : — 
Br 


Br 


&C. 


B 


But  when  we  replace  two  atoms  of  hydrogen  by  two  like 
atoms  of  another  element,  or  by  two  like  groups  of  elements, 
then  no  less  than  three  different  isomeric  bodies  may  be  ob- 
tained; viz. — 

Br  Br  Br 

/^ 
<Br 


5         3 
4 


Ortho-  or  1.2-dibrom- 
benzeue. 


Br 


Meta-  or  1.3-dibrom- 
benzene. 


Para-  or  1.4-dibrom- 
benzene. 


It  has  been  observed  for  some  time  past,  that  para-compounds 
always  melt  higher  than  ortho-  and  meta-compounds;  whereas, 
as  regards  the  ortho-  and  meta-compounds,  the  former  some- 
times melt  higher,  and  sometimes  lower,  than  the  latter. 

Now  the  arrangement  of  the  atoms  in  the  para-compounds 
is  symmetrical,  whilst  in  the  ortho-  and  meta-compounds  the 
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arrangement  is  asymmetrical ;  i.  e.  if  we  imagine  the  para- 
compound  to  be  suspended  from  a  point  in  the  centre  of  the 
benzine  ring,  then  the  molecule  would  balance  in  any  position, 
whilst  this  would  not  be  the  case  with  the  ortho-  and  meta- 
compounds.  Or,  in  other  words,  the  centre  of  gravity  of  the 
molecule  of  the  para-compounds  corresponds  more  nearly  with 
the  centre  of  figure  of  the  molecule  than  is  the  case  with  the 
ortho-  and  meta-compounds.  This  fact  led  me  to  conclude 
that  a  similar  rule  might  hold  good,  not  only  with  the  primary 
derivatives  of  benzene,  but  also  in  the  case  of  all  isomeric 
compounds  of  carbon  ;  and  this  appears  to  be  true  in  a  very 
large  number  of  instances.  I  have  therefore  ventured  to  con- 
clude, "  That  of  two  or  more  isomeric  compounds,  those  ichose 
atoms  are  the  moee  symmetrically  and  the  more  compactly 
arranged  melt  higher  than  those  in  ivhich  the  atomic  arrange- 
ment is  asymmetrical  or  in  the  form  of  long  chains''''*. 

After  working  out  this  subject  at  some  length,  I  noticed 
that  Mr.  Henry  Watts  had  already  observed,  in  the  third  Sup- 
plement of  his  well-known  '  Dictionary  of  Chemistry,'  that 
"  the  more  symmetrical  the  constitution  of  a  benzene  deriva- 
tive, the  greater  is  the  resistance  which  it  offers  to  the  passage 
from  the  solid  to  the  liquid  state,"  or,  in  other  words,  the 
higher  the  melting-point.  Subsequently,  however,  in  a  note 
to  a  paper  by  Neville  and  Winther  (Journ.  Chem.  Soc.  xxxvii. 
p.  450),  Mr.  Watts  emphatically  says  that  he  intended  this 
rule  to  apply  only  and  solely  to  the  derivatives  of  benzene 
containing  but  six  atoms  of  carbon ;  whilst  I  believe  that  it 
holds  good,  with  a  very  few  exceptions,  in  the  case  of  all  car- 
bon compounds  whatever. 

Let  us  now  illustrate  this  rule  by  a  number  of  examples 
taken  almost  at  random.  In  the  following  tables  the  com- 
pounds are  generally,  though  not  always,  arranged  in  the  order 
of  symmetry,  those  to  the  left  being  the  most  symmetrical. 
In  the  case  where  two  compounds  are  equally  symmetrical, 
that  which  is  most  compact  is  placed  to  the  left. 


Tetrametliyl  methane.        Normal  pentane.  Dimethyletliyl  methane. 

CH3 


CII3— C— CII3 

CHa 

m.p.=  -20. 


CII3 .  CHg  •  CHg .  CH2  •  CHs 


Liquid. 


CH3\  /CH2.CII3 

CHa^     H 
Liquid. 


*  In  the  examples  given  below  of  thi^;  and  of  all  the  rules  stated  subse- 
quently, the  exceptions  are  in  every  case  marked  with  an  asterisk. 
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11. 

Dimethyl  benzene. 


Ethyl  benzene. 


CH3 

cn. 

on. 

CH, 

/\ 

/\ 

/\CH3 

1   " 
CH3 

1.4 

1.3 

1.2 

^\ 

\/ 

\/^"* 

x/ 

\/ 

CH3 

m.p.  =15.  =2. 


below  —22.  Liquid. 


III. 


Durene. 


CK3      CH3 


Cn3      CH3 


1.4  Dieth] 
benzene. 

'1 

Isodurene. 

C.H, 

CH3 

/\ 

/\ 

C,H5 

CH3 

CH3 

CH3 

Dimethylethyl 
benzene. 


C6H3-(CH3)j.CjH5 


m.p.  =80.  Liquid,  Liquid. 

Methylpropyl  benzene. 


Liquid. 


Methylisopropyl 
benzene. 


C6H,.CH3.CH(CH3), 


Liquid.  Liquid.  Liquid.  Liquid. 

Normal  butyl  benzene.  Isobutyl  benzene. 


cn3 

CH3 

CH3 

/\ 

1  0 

C3H, 

1.3 

1.4 
C3H, 

\y 

C3H, 

CH2.CH3.OHJ.CH3 


CH,.CH 


Liquid. 


Liquid. 


CH, 
/ 

\CH. 
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IV. 

Hexamethyl  benzene.         Dipropyl  benzene.         Triethyl  benzene. 


CH3 

0H3 

CH3 

C3H, 

/\ 

1.4 

CH3 

CH3 

CH3 

C3H, 

m.p.  =150. 

Amylmethyl  benzene. 

0,H,.CH3.C5H,^ 

Liquid. 


Liquid. 


CeHg.CCjHj), 


Liquid. 


Propylisopropyl  benzene.  I       Hexyl  benzene. 
C6H,.C3H,.CH(CH3)3 
Liquid. 


CgHj .  CgHi3 
Liquid. 


V. 


Dipbenyl  methane. 
H 


-C-< 

H 

m.p.  =26-5. 


Tolylphenyl. 


1.4 


CH3 
m.p.  =  —  2. 


Tolylpbenyl. 


C0H3 


CH, 


1.2 


Liquid. 


1.4 ;  1.4  Ditolyl. 

CH3.0eH,.C,H,.CH3 

m.p.  =121. 

Benzyltoluene. 

CgHs .  CHj .  CgH^ .  CH3 

Liquid. 


VI. 

Dibenzyl. 
OeH5.CH2.CH2.OeH6 


m.p. 


=  52. 


Phenylxylene. 

CeH, .  C«H3(CH3), 

Liquid. 


1.2;  1.4  Ditolyl. 

OH3 .  OgH^ .  CgH^ .  OHj 

Liquid. 

Dipbenyl  ethane. 

CH3.CH(CeH,),(?) 

Liquid. 


VII. 


DeriTatives  of  Ethane. 


Ethylene. 


XX. 

Dibromide Br .  Br 

Diiodide I.I 

Chloroiodide  ....  CI. I 

Bromoiodido  ....  Br .  I 

Diphenide    Ph  .  Ph 

Sulphide  ........         S" 

lodopropionic  acid  COOH  .  I 

Succinic  acid  ....  COOH .  COOH 


XH^C-OH^X. 


m.p.  =9 
73 
Solid  in  freezing- 
mixture, 
m.p.  =28 

52  (dibenzyl) 
112 
82 
180 


Ethylidene. 
HaC-OHXj. 
Liquid. 


w 


95 


Liquid. 
129 
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VIII. 

XHC=cnx. 

Diphenide   Th .  Ph  120  (stilbene) 

Ditolido C,H..C.H.      (l^^S^^} 

IX. 

Diderivatives  of  Benzene. 


119 


HoC=CX2. 

Liquid. 

Liquid. 


Para 

Meta 

Ortho 

X 

A 

X 

X 

A. 

1.4 

1.3 

1.2 

X 

v/ 

xi 

\y 

Dichlorbenzcno 

CI.  CI 

Br.  Br 

I.I 

CN.CN 

53            T.at. -18 

Lat  -14 

-1 

94 

Dibrombenzene 

89 
127 
222 

-28 

40 

158 

Diiodobenzene  

Dicyanobenzene    ... 

Chloroiodobenzene    

CI.  I 

56 

L 

Bromiodobenzene 

Br.  I 
OH.  OH 

92 
172 

L 

99 

L 

112 

Dihydroxybeuzene    

Disulpbydi'obenzeue 

SH.SH 

98 

27 

Diuitrobenzene 

NOo .  NO, 

NH, .  NH„ 
NO2 .  Br 

NO2 .  01 

171 

140 

126 

83 

90 
63 
56 
44 

118 
99 
41-5 
32 

Diamidobenzene    

Nitrobromobenzene  

Nitrocblorobenzene  

Nitroiodobenzene 

KO, .  I 
NH;.Br 

171 
64 

36 
18 

49 
31 

Amidobromobenzeue    

Amidochlorobenzeue    

NH„ .  01 

70 

L 

LaboTe— 14 

Amidoiodobenzene    

NH„.I 
NH„ .  NO, 
CH  .  CHl 

60 

146 

15 

25 

110 

L 

71 
L 

AniidoTiitrobenzene  

Dimetbylbenzene 

Dinbenvlbenzene 

Ph    Ph 

205 

1-3  or  1-2 

Tolyldipenylmetbane   

Me .  (CHPhJ 

71 

59-5  or  L 

L  or  59-5 

Metbyl  chlorobenzene  

Me.  CI 

6-5 

L 

L 

Metbyl  bromobenzene 

Me  .Br 

28 

L 

L 

Methyl  iodobenzene 

Me    I 

35 

L 

L 

Methyl  amidobenzene 

Me .  NH„ 

45 

L 

L 

Phenyl  chlorobenzene  

Ph.  01 

75 

4 

Phenyl  bromobenzene  

Ph.  Br 

89 

L 

Phenyl  amidobenzene  

Ph .  NH^ 

50 

48 

Di-(amidomethyl)benzene .. 

(CH^.NH^XCH^.NHJ 

99 

89 

Hydroxy-carboxyl  benzene. 

OH . COOH 

210 

200 

156 

Methoxy-carboxylbenzene .. 

OCH3 . COOH 

175 

106 

99 

Ethoxy-carboxylbenzene  . . . 

OEt . COOH 

195 

137 

20 

Fluo-carboxyl  benzene 

F .  COOH 

182 

123 

Chloro-carboxyl  benzene  .. 

01 .  COOH 

234 

152 

137 

Bromo-carboxyl  benzene  .. 

Br .  COOH 

250 

155 

148 

lodo-earboxyl  benzene 

I .  COOH 

267 

185 

159 

Hydroxy-potassium-siil- 
phobenzene 

OH  .  SO3  K 

not  at  260 

200 

240 

Bromhydroxybenzene  

OH.  Br 

64 

32 

L 

Nitro-carboxyl  benzene    .. 

COOH  .  NO, 

240 

141 

143 

Amido-carboxyl  benzene  .. 

COOH .  NH, 

187 

174 

144 

120     Dr.  Carnelley  on  the  Injluence  of  Atomic  Arrangement 
X.   Triderivatives  of  Benzene. 


Trichlorobenzene  

Tribromobenzene 

Methyl  dibromobenzene 

Nitrodibromobenzene   \ 


Nitrodicblorobenzene 

Nitrochlorobromoben- 
zene 


Amidodibromobeiizeue  ■ 


Amidodichlorobenzene  • 


Dibrombenzoic  acid 
Dinitrobenzoic  acid  . . 


■{ 


Symmetrical. 
X 


ConsecutiTe. 
X 


Asymmetrical. 
X 


X 


1.3.5 


1.2.3 


X 

1.2.4 


CI .  CI .  CI 

Br .  Br .  Br 

CH3 .  Br  .  Br 

NO, .  Br .  Br. 

Br:  Br .  NO^ 

Br .  NO, .  Br 

NO, .  CI .  CI 

CI .  CI .  NO, 

CI .  NO, .  CI 

NO,, .  CI .  Br 

CI.  NO,.  Br 

Br.  NO',.  CI 

NH, .  Br .  Br 

Br .  NH, .  Br 

Br .  Br .  NH, 

NH., .  CI .  CI 

CI .  NH, .  CI 

CI .  CI .  NH, 

COOH.Br.Br 

Br.Br.COOH 

Br .  COOH .  Br 

COOH  .  NO, .  NO., 

NO, .  COOH  .  no; 


64 
119 

39 
104 


65 
83 

57* 
5U 
209 
205 


54 

87 
27 

59 
83 


24 


202 


16 
44 
L 
62 

85 
32 
43 
55 
47 
69 
50 
79 
52 
80 
63 
50 
71 

228* 
151 
179 
140 


XI.   Tetraderivatives  of  JBenzi 

?7ie. 

Order  of 

m.p. 

1. 

2. 

3, 

4. 

5 

6. 

symmetry. 

ri. 

Br.  Br.  Br.  Br 

138 

Br 

Br 

Br 

Br 

2. 

fi                 ii 

99 

Br 

Br 

Br 

Br 

ri. 

CI .  CI .  CI .  CI 

138 

CI 

CI 

... 

Cl 

Cl 

2. 

»)               ii 

50 

CI 

ci 

Cl 

Cl 

3. 

46 

CI 

ci 

Cl 

Cl 

ri. 

NHj .  Br  .  NO,  .  Br 

202 

NH, 

Br 

••* 

NO, 

*  <  . 

Br 

2. 

127 

NH, 

Br 

. . . 

Br 

NO, 

fi. 

NH^  .  CI .  CI .  NO, 

100 

nh: 

CI 

... 

NO, 

•  •  > 

Cl 

■ 

2. 

i>        )i 

eel 

NHj 

orNHj 

CI 
CI 

... 

NO, 

•  •  • 

Cl 

Cl 

NO, 

fi- 

CH3 .  CI .  CI .  CI 

138 

CH3 

CI 

Cl 

Cl 

. 

2. 

27-35 

CH3 

ci 

Cl 

Cl 

3. 

5»                        »> 

46* 

CH3 

CI 

Cl 

Cl 

2. 

CH, .  Br  .  Br  .  Br 

112 

CH3 

Br 

... 

Br 

Br 

88 

CH3 

•  <  * 

Br 

Br 

Br 

Br 

,3. 

^4. 

11         i> 

66 

CH3 

Br 

Br 

M                 )> 

59 

CH3 

Br 

Br 

•  •  • 

Br 

5. 

it                 it 

52 

CH, 

Br 

Br 

Br 

16. 

>l                  II 

44 

CH3 

Br 

Br     Br 
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Bote. — When  all  the  side  chains  are  of  one  kind  the  form 


X 


is  the  most  symmetrical,  and  always  has  the  highest  melting- 
point.  But  when  the  side  chains  are  not  all  of  the  same 
kind,  then  there  seems  to  be  a  struggle  between  the  three 
forms 

AAA 


X 

and  between 


X 


X 


X  X 

and 


Br 


Br 


XTI. 

Pentaderivatives  of  Benzene. 


CH3 

Br 

Br 

CH3 

A 

Br 

Me 

\y 

Br 

Br 

Br 

Br 

Br 

Br 

n.p.  =11 

6. 

n 

a.p.  =ir 

I. 

m 

.p.  =  107. 
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XIII. 

Hexaderivatives  of  Benzene. 


NH, 


CH, 


CH, 


OH, 


CH, 


NHj 
m.p.  =51. 


NH, 


OH, 


CH, 


OH3 


NH, 


CH3 

Liquid. 


XIV. 

0  01  Br 

II 

0  01  Br 

0  01, 

II 

OBr, 

m.p.  =  - 16. 

Liquid  at  — 16 

CH, 


X 

X  =  C1      m.p.  =  6-5 
X  =  Br      m.p.  =28 
X  =  I        m.p.  =35 


XV. 


OH, 


X 


Liquid. 
Liquid. 
Liquid. 


OH, 


X 


Liquid. 

Liquid. 
Liquid. 


OH^X 


Liquid. 
Liquid. 
Liquid. 


Tolylene 
dibromide. 

CH.  Br 


OH,  Br 


m.p.  =145. 


XVI 

Dibromparaxylene 


Br 


OH, 


OH, 


Br 


Tv-u  i       T     „     Cimiamene 

Dibromometaxylene.     ,.,         ., 
■^  dibromide. 


m.p.  =73.  I  m.p.  =G9. 


OH,  Br 


CH .  Br 


m.p.  =68. 
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XVII. 


A 

Br 

CH3 

A 

Br 

OH3 

T 

Off, 

A 

Br 

OH, 

A 

I 

\y 

I 

\J 

Br 

I 

I 

m.p.  =  7J 

). 

Liquid. 

Liquid. 

Liquid. 

Liquid. 

Br 


XVIII. 


CH.Cl 


CI 
m.p.  =29. 


CHCL 


Liquid. 


XIX. 


Diainidobenzene. 


1.4  L3 

m.p.  =  140         63 


L2 
99 


Pheuylhydrazine. 

C,  Hg  .  NH  .  NH, 

23 


XX. 


Amidotoluene,  CH3 .  C^  H, .  NH^. 

, .V ^ 

1.4  1.3  L2 

m.p.  =  45.     Liquid.     Liquid. 


Benzyl  amine. 
CjH,.CH,.NH,. 
Liquid. 


Metliylaniline. 

C^Hj .  NHCH3. 

Liquid. 
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XXI. 


Tolylenediamiue 

CH^.NHa 

CHj.NHa 

X\ 

/^OH,.NH, 

1.4 

1.2 

V 

\y 

CH3.NH2 

Qi.p.  =  9< 

3 

=89 

NH, 
m.p.  =  90 


Diamidotoluene, 

CH3 

A 

^'H, 

CH3 

NH2 

) 

=88 

=  80 

NH2 

Phenylmetliyl 
livdrazine. 


N 

I 
NH, 


Liquid. 


XXII. 

Ethenediphenyletlier.  Ethyldiphenyl  carbonate  (1.4). 


C<iH6.0.C,H,.O.C6Hs 

m.p.  =  98. 


CeHj.C.H^.COOC.H, 
m.p.  =  4G. 


XXIII. 

C6H5.0H2.S.S.CH,.C,H5    ,  CeH5.S.CH,.CH2.S.C6Hs    CH3.C6H,.S.S.C5H,.CH, 

(1.4;  1.4) 

m.p.  =66.  I  m.p.  =  65. 

CH3.C6H,.S.S.C6H,.CH, 
(1.3;  1.3) 

Liqiud. 


m.p.  =  43. 


XXIV. 

CH3  CH, 


■N. 


OH, 


-s— s- 


'CH, 


CH, 


CH3 


m.p.  =  125. 


CH3       CH3 


CH,,      CH, 


-S— s-< 


CH, 


\/  ^^ 


These  positions  unlmown. 
m.p.  =115. 
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NH 


XXV. 

Diamidostilbene. 


.— CH=CH 


NH, 


m.p.  =  170*. 
*  This,  though  nearly,  is  not  quite  so  symmetrical  as  (1.4 ;  1.4)  azotoluene. 

Azotoluene  (1.4;  1.4). 


CH, 


N=N- 


CH, 


m.p.  =  144. 
Azotoluene  (1.2;  1.2). 


-N=N— ' 


m.p.  =  137. 


Ethenyldiphenylamidine. 

0,H6— NH— CH,— CH=N.06H5 

m.p.  =  132. 
Ethenylisodiphenylamidine. 

/NH 

^NCCgHs), 


Phenylacetophenyl- Ig^^^^     l^^j  j^^^^^^ 

/N.CgH^.CH, 


amidine. 

^N.C^Hj- 


CjHj.CHj.C 


m.p.  =  128. 


C,H,.C. 


\nh, 

m.p.  =99, 


CH3.O. 


m.p.  =  63. 


Azotoluene  (1.3;  1.3). 


CH, 


CH, 


>— N=N- 


m.p.  =  54. 


The  influence  of  s^Tnmetry  on  the  melting-point  is  still 
further  shown  by  the  following  table,  which  contains  the 
melting-points  of  the  most  symmetrical  modification  of  a  few 
of  the  mono-,  di-,  tri-,  tetra-,  penta-,  and  hexa-derivatives  of 
benzene;  from  which  it  will  be  seen  that  the  melting-points 
of  the  mono-  and  penta-derivatives  are  comparati\'ely  always 
very  low,  whilst  those  of  the  other  derivatives  are  high  ;  the 
reason  being  that  benzene  cannot  form  symmetrical  mono- 
and  penta-derivatives,  whereas  a  symmetrical  form  of  a  di-, 
tri-,  tetra-,  and  hexa-derivative  is  always  possible. 

Phil.  Mag.  S.  5.  Vol.  13.  No.  79.  Feh.  1882.  L 
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Ben- 
zene. 


!  Mono-     Di-    ]  Tri-      Tetra- 

deriva-  deriva-  deriva-'deriTa- 

tive.      tire.      tive.      live. 


Penta- 

deriva- 

tive. 


Hexa- 

deriva- 

tive. 


Position  of  side  chains . 

The  side  chains  being— 
CH3 

CI     

Br    

I  

KO, 

^'H, 


L4 


1.3.5 


1.2.4.5 


1.2.3.4.5 


1.2.3.4.5.6 


7 
7 

7 
7 


Liquid 
Liquid 
40 
b.-20 
Liquid 
Liquid 


r  Liqi 
\  at  — 


15 


I5 


J 


53 


Liquid 
63-5 
119 


80 
138 
140 


127 
171 

147 


50 

74 

a  240 


164 

226 

a  310 


Influence  of  Compactness,  or  number  of  Side  Chains  on  the 
Melting-  and  Boiling-points. 

Lothar  Meyer  has  pointed  out,  in  his  '  Modern  Theories  of 
Chemistry,'  p.  280, "  that,  of  any  number  of  isomeric  compounds, 
those  are  the  most  volatile  in  ivhich  there  are  the  greatest  number 
of  side  chains,  or  in  ichich  the  main  chain  of  atoms  is  most 
branched,  and  therefore  in  which  the  main  chain  is  the  shortest." 

From  the  observation  of  a  great  number  of  compounds,  I 
cannot  help  concluding  that  a  rule  the  exact  reverse  of  the 
above  holds  good  as  regards  the  melting-point,  viz.  that  those 
isomeric  compounds  melt  the  highest  in  ivhich  there  are  the 
greatest  number  of  side  chains.  This  has  already  been  indi- 
cated to  some  extent  above,  where  it  has  been  pointed  out  that 
the  greater  the  compactness  of  the  molecule  the  higher  the 
melting-point.  The  above  rules  may  be  illustrated  as  fol- 
lovt's : — 


Boiling- 
point. 

Melting- 
point. 

I. 
§ 

P4 

^CH3.CH,.CH.,.Ca:_,.CH3  

38 
30 

9-5 

Liquid. 
Liquid. 

-20 

J^S^^CH.CH^.CH,   

CH3/              v^-Li^2  ^-^3 

CH3 

1 

CH,— C— CH,   

1 
I            CH3 

00 

0 

f  CH3-CH  ,.CH2.CH2.CH2.CH  .CH2.CH3 
CH>CH-CH,.CH,-CH<CH    

CH3CH3 

1       1 

CHg— C— C— CH3 

125 
108 

105 

Liquid. 
Liquid. 

96-97 

CH3CH3 
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Table  (continued). 


Boiling- 
point. 


/^CH3.CH,.CH,,.CH..0H 
CHg.OHrCHjOH" 


o 

o 
o 


c 

ID 

P4 


CH3 

CH3.CH,.CH.CH3 


OH 


CH, 


CH3— C— OH 


CH, 


{ 


n3 


CH3.CH,.CH,.CH,.CH,.CH,.CHo.Cl. 

ch3.ch:ch2.ch2.ch.oh3  .". : 


D- 


CH3  CI 

CH,  CH, 

\         \     \ 
OH,— C — C— CI  .... 


CH3  CH3 


CH3.CH,  CH,.COOH 


■  ^    ,  CH3.CH.COOH. 


R 


CH, 


f  CH3.CH,.CH2.CH,.COOH 
CH3.CH.CH,.C00H 


.2    1 


CH3 

CH3.CH2.CH.COOH 

I 
CH3 

CH, 


CH3— C— COOH 


I 


CH, 


c 
o 

-4-J 


/CHa.CH.CH.CH^.CN 

'  ch,.ch:ch,:cn 

I 
CH 


3 
CH, 


CH3-C— ON. 


CH, 


L2 


117 
109 


97 


84 


159 
136 


1H2 
154 


184 
175 


173 


164 


140 
127 


105 


Melting- 
point. 


Liquid, 
Liquid. 


Liquid. 


25 


Liquid. 
Liquid. 


136 


0 

L(?> 


Liquid. 

liiquid. 


Liquid. 


35-4 


Liquid. 
Liquid. 


15-16 
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Table  (continued). 


Boiling- 
point. 

Melting- 
point. 

Dipropargyl,  CH_C     CHj 

HO             CH 

Benzene,        u               | 

-CH^— C=CH 

85 
81 

Liquid. 

7 

HC             CH 

^ch// 

Amyl  benzene,  CgHj.CH^.CI 

r  CE 

Propyldimetbyll      -g      ^.j 
benzene,          J               CE 

Dietbjlmethyl  benzene,  CgH 
Pentametbyl  benzene,  CgR* 

/CH3 
I.,.CH< 
-        ^CH3 

['.CH,.CH3 

1  cH2.cn3 
3 1  CH2.CH3 

CH3 
rcH3 

CH3 

CH3 

193 
188 

r  178    \ 

1 198-200, 
225* 

Liquid. 

Liquid. 
Liquid. 

50 

CH3 
[CH3 

Melting-  Melting- 

point,  point. 

Propyl  terephthalate  31°,    and  Isopropyl  terephthalate    56° 
Butyl  „  Liquid,  and  Isobutyl  „  53 

Butyl  bippurate         40-5,    and  Isobutyl  bippurate  45*5 


So  great  indeed  is  tbe  influence  of  tbe  compactness  of  tbe 
molecule,  that  it  sometimes  oyerbalances  tbe  influence  of  in- 
crease of  atomic  weigbt :  tbus 

Melting- 
point. 

Metbyl  terepbtbalate  CeH,(^QQ;^^^'     1^0 


Etbyl 

Propyl 

Butyl 


}) 


j> 


j> 


^  2  /C00.CH,.CH3  44 

'    '\COO.CH2.CH3 
p  ^  /COO  CH2.CH2.CH3  ., 

\C00  CH2.CH2.CH3 

p    TT   /COO    CH0.CH2.CH2.CH3 

^^\C00  CH2.CH2.CH2.CH3  ^^^"^^- 
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Melting- 
point. 

M^byl  hippurate  (C8H8NO).COO.CH3     80-5 

Ethyl  „  (C8H8XO).COO.CH2.CH3     GO-5 

Butyl  „  (C8H8XO).COO.CH2.CH2.CH2.CH3  40-5 


Isobutyl hippurate  (C8H8N0).C00.CH2.CH(^|^'     ...  45-5 
Isoainyl       „  (C8H8N0).C00.CH2.CH2.CH(^H3  27-5 

CHg 

It  will  now  be  necessary  to  make  a  few  remarks  in  regard 
to  the  examples  which  have  been  given  in  illusti-ation  of  what 
is  thought  to  be  a  true  connexion  between  atomic  structure 
and  melting-point,  and  more  especially  as  regards  the  influ- 
ence of  symmetry.  It  would,  of  course,  be  easy  to  support 
any  theory  if  we  merely  gave  those  examples  which  were 
favourable  and  excluded  all  those  which  were  adverse.  This, 
however,  has  not  been  done  in  the  examples  which  have  been 
given  above.  For  the  purpose  of  this  paper  there  were  taken 
quite  at  random  somewhei-e  about  300  cases  to  which  the  rule 
of  symmetry  could  be  applied;  and  of  these  278  were  in  agree- 
ment with  the  rule,  whilst  22  were  exceptions  ;  the  latter 
amounted  therefore  to  only  7  per  cent.,  which  proves  that  the  rule 
is  of  almost  general  application.  Many  of  the  exceptions  may 
possibly  be  due  to  the  constitution  or  arrangement  of  the  atoms 
not  having  been  correctly  determined,  and  might  thus  on  close 
examination  be  shown  to  agree  with  the  rule. 

The  following  are  some  of  the  most  marked  exceptions 
included  in  the  above  22,  and  w'hich  are  undoubtedly  real  ex- 
ceptions, since  the  constitution  is  known  with  a  considerable 
degree  of  certainty: — 

_,  ,  J  is  more  symme-  j  -r,-,  .-, 

Tolane  j     trical  than       [  Phenanthrsne. 

CH  =  CH   CH  =  CH 
n  Tj    o n   n  TT  HC  C — C  CH 

1^6  -n-o  •  ^  =  '^  •  ^6  -n.5  ^  ^  ^  ^ 

HC— C  C— CH 

m.p.  =  60°.  HC=CH 
m.p.  =  100°. 
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-r,,        ■,       . ,  1  is  more  svmme-  I 

Phenyl  oxide        ^        .     ,  .,-  > 


Cfi  Hs 


O.C 

=  2  8° 


6^5 


trical  than 


m.p 

Cg  Hg  .    S   .    Cg  H5 

Liquid. 
Diphenyl 


Oxydiphenyl. 

Ce  Hg .  Cg  H4 .  OH 

_     m.p.  =  164°. 


IS  more  symme- 
trical than 


Ce  H5  -06  114.  SH 
m.p.  =  110°. 


IS  more  symme-  | 
trical  than       I 


m.p.  =  70° 


Acenaphthalene. 
=  95°. 


m.p. 


(1) 

COOH 

CH3-C-CH3 

COOH 


Isomeric  Pyrotartaric  Acids. 


(2) 
COOH 

H-C-CH3 

CH2 

COOH 


(3) 

COOH    COOH 
\  / 
CH 

CH2 

CH3 


(4) 
COOH 

CH2 

CH2 

CH2 

COOH 

m.p.  =  112°.  m.p.  =  llP-o.      m.p.  =97°-5. 

No.  4,  which  is  more  symmetrical  than  Ko.  2  and  No.  3, is  less 
compact;  and  perhaps  this  is  the  cause  of  the  lo^y  melting-point. 
Bayer  has  shown  that,  if  we  compare  the  melting-points  of 
homologous  series,  we  find  that  the  melting-point  is  materially 
influenced  by  odd  and  even  numbers,  in  such  a  way  that  those 
compounds  containing  an  even  number  of  carbon  atoms  melt 
liigher   than   the  neighhouring   compounds   containing  an  odd 


m.p.  =  170°. 


number,  thus 

• 
• 

^Felting 

•-point. 

Eyen. 

Odd. 

CH2O2 

•  •  • 

8-6 

C2  H4  O2 

+  17 

C3  Hg  O2 

•  •  • 

b.-21 

C4  Hg  O2 

+    1 

Cg  H,o  Og 

«  •  • 

b.-16 

Cfi  H12  O2 

-  2 

Cv  Hu  O2 

•  ■  • 

-10-5 

Cg  H16  O2 

+  16 

C9  Hj8  O2 

•  •  • 

+  12 

Cio  H20  O2 

+  30 

C16  H32  02 

+  G2 

Cl7  H34  O2 

«  •  • 

+  60 

C18  Use  O2 

+  69 

Melting 

-point. 

Even. 

Odd. 

C2  H2  O4 

200 

C3  H4  O4 

•  •  • 

132 

C4  He  O4 

180 

C5  Hg  O4 

•  ■  • 

97 

C«  H,o04 

148 

C7  H]9  O4 

. . . 

103 

Cg  Hh  O4 

140 

Cg  H16  O4 

•  •  • 

106 

Cio  H]g  O4 

127 

Cii  H20  O4 

108 

C17 -03204 


132 


[To  be  continued]. 
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XIV.   The  Beats  of  Mistuned  Consonances. 

To  the  Editors  of  the  Philosophical  Magazine  and  Jonrnal. 
Gentlemen, 

I  HAVE  just  seen  Prof.  Silvanus  Thompson's  Note  in  your 
January  Number.  I  have  no  books  with  me  ;  but  I  think 
I  can  close  the  controversy,  as  far  as  I  am  concerned,  without 
them. 

As  to  the  word  "subjective,"  I  am  quite  content  to  have 
Prof.  Hehnholtz  and  his  translator  (Mr.  Ellis)  as  authorities 
for  my  use  of  it;  and  I  fear  I  shall  require  some  further  autho- 
rity before  1  shall  feel  called  upon  to  give  up  a  use  now 
well  established,  sanctioned  by  custom  and  by  the  highest 
authorities. 

As  to  the  law  that  the  beats  of  mistuned  consonances  of  the 
form  h  :  1  consist  of  variations  of  the  lower  note,  (the  law  is 
not  true  for  imperfect  consonances  in  general,)  no  doubt  I 
expressed  myself  hastily,  and,  as  was  evident,  without  refer- 
ring to  Koenig's  papers. 

Notwithstanding  this,  I  cannot  admit  that  the  citations 
made  by  Prof.  Silvanus  Thompson  contain  any  demonstration 
of  the  law  in  question,  though  undoubtedly  the  last  quotation 
contains  a  suggestion  of  the  law.  I  must  point  out  that  the 
sentence  translated  by  Prof.  Silvanus  Thompson  is  not  quite 
correctly  given;  the  preceding  qualifying  clause  showing  that 
it  is  only  an  assumption,  not  a  definite  conclusion.  Further, 
there  is  no  such  experimental  establishment  of  the  law  as  to 
amount  to  a  demonstration. 

I  have  in  fact  recently  learned,  through  a  private  source, 
that  Koenig  had,  some  time  ago,  convinced  himself  of  this 
result.  But  the  experiments  which  were  shown  to  my  infor- 
mant all  bore  the  character  of  beats  still  associated  with  varia- 
tions of  the  upper  note  ;  and  my  informant,  a  most  competent 
person,  was  wholly  unable  to  verify  the  conclusion.  This 
agrees  entirely  with  my  own  observations  made  with  similar 
means.  I  therefore  consider  that  the  quotations  from  Koenig 
made  by  Prof.  Thompson  contain  nothing  but  assumption  or 
inference  on  this  point;  and,  indeed,  they  do  not  purport  to  be 
more. 

I  consider  that,  in  my  experiments,  the  disturbing  effects  of 
the  harmonics  are  entirely  separated  out,  so  that  direct  de- 
monstration of  the  law  in  question  is  obtained. 

Yours  truly, 

P.  H.  M.  BOSANQUET. 
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XV.  On  the  Theoretic  Determination  of  Vapour-pressure  and 
the  Volumes  of  Vapour  and  Liquid.  By  Prof.  R.  Clausius*. 
(Second  Paper], ^ 

§  1.  TN  the  first  paper  on  this  subject,  I  formed  for  the  de- 
-jL  termination  of  the  pressure  of  a  gas  as  a  function  of 
the  temperature  and  volume  the  following  equation,  which  is 
a  generalization  of  that  which  I  had  previously  employed  for 
carbonic  acid: — 

p  _     1         27(«  +  ^)  , 

KT~r-a      8%  +  /3)2 ^  ^ 

Herein  p  denotes  the  pressure,  v  the  volume,  and  T  the  abso- 
lute temperature — namely  the  sum  273  +  ^,  if  ^  represents  the 
temperature  reckoned  from  the  usual  zero-point.  Further,  R 
is  the  constant  which  already  occurs  in  the  usual  expression 
of  Mariotte  and  Gay-Lussac's  law;  and  a  and/3  represent  two 
other  constants,  the  sum  of  which  will  further  on  be  denoted 
bv  y.  6  signifies  a  temperature-function  which  for  T  =  0  has 
the  value  0,  and  for  the  critical  temperature  the  value  1,  but 
otherwise  is  provisionally  to  be  left  undetermined. 

It  is  self-evident  that  we  can  give  this  equation  a  simpler 
form  if  we  combine  the  temperature-function  with  the  con- 
stant factors  occurring  in  the  term  into  one  symbol.  Namely, 
if  we  put 

^~27(«  +  /:J)       277'        ^"^^ 


the  equation  is  changed  into 
V   _     1 


KT      r-«      0(r  +  /3f 


(3) 


The  relation  between  the  temperature-function  0  in  this 
equation  and  that  employed  above,  6,  becomes  particularly 
evident  when  it  is  borne  in  mind  that  the  value  assumed  by  0 
for  the  critical  temperature,  and  which  may  be  denoted  by  0£,, 
is  to  be  determined  by  putting  the  value  1  for  6  in  equa- 
tion (2).     Thence,  namely,  we  get 

®-27v' (*> 

*  Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  Wiedemann's  Annalen,  1881,  vol.  xiv.  pp.  G92-704. 

t  For  the  iirst  paper  see  Wiedemann's  Aiinahn,  xiv.  p.  279;  trans- 
lated in  the  '  Philosophical  Magazine  '  for  December  1881,  vol.  xii.  p.  381. 
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and  in  consequence  of  this  we  can  write 

e  ■    •   ' 


e= 


(5) 


In  applying  equation  (1)  to  saturated  vapour,  the  pressure 
of  the  saturated  yapour  was  denoted  by  P,  and  the  fraction 
P/RT  by  n.  The  volumes  of  the  saturated  vapour  and  the 
liquid  standing  under  the  same  pressure  were  denoted,  in  the 
usual  manner,  by  s  and  cr  ;  but  for  the  differences  s—a  and 
a  —  a  the  simplified  symbols  W  and  lo  were  introduced.  In 
order  to  determine  the  quantities  11,  W,  and  ic  in  their  de- 
pendence on  6,  first  all  four  quantities  were  expressed  as  func- 
tions of  A.=:  log(W/i«);  and  then,  to  faciUtate  the  further 
calculations,  a  table  was  added,  from  which  for  every  value  of 
6  the  corresponding  value  of  \  can  be  taken.  At  the  same 
time  I  remarked  that,  after  the  calculation  of  the  table  for  \, 
there  would  be  little  further  difiicultv  in  calculatlnor  a  similar 
table  for  11,  W,  and  lu  also;  this  I  take  leave  to  communicate 
infra: — 


0-20 
0-21 
0-22 
0-23 
0-24 
025 
0-26 
0-27 
0-28 
0-29 
0-30 
031 
0-32 
0-33 
0-34 
0-35 
0-3(5 
0-37 
0  38 
0-39 
0-40 
0-41 
0-42 
0-43 
0-44 
0-45 
0  46 
0-47 
0-48 


I^ 

n/ 


00000059 

00000126 

O00UO249 

OC0004G2 

OOOU08I4 

0  00013i>7 

00002201 

00003416 

0  0005131 

0  0007483 

00010627 

00014738 

0-0020C02 

00026621 

0-0034808 

00044780 

00056763 

0  0070987 

0-00876S0 

0  010706 

0-012936 

0-015479 

00183C6 

0021589 

0025193 

0-029187 

0-033589 

0038413 

0043680 


A. 


67 
123 
213 

352 
553 
834 
1215 
1715 
2352 
3144 
4111 
5264 
6619 
8187 
9972 
11983 
14224 
16693 
19380 
2230 
2543 
2877 
3233 
3604 
3994 
4402 
4824 
5267 


W 


672780 

317340 

160680 

16505 

49140 

29263 

18lC,6 

11702 

7789' 

5339 

3758 

2708 

1994 

1497' 

1144 

888' 

699 

558' 

451 

369 

304 

254 

213 

181' 

154 

133 

115 

100 

87- 


9 

o 
O 

6 

6 

4 

2 

41 

97 

90 

73 

24 

94 

25 

84 

30 

87 

22 

34 

45 

953 


w 


355440 
156660 
74175 
37365 
19877 
11097 
6464 
3912-3 
2449  8 
1581-6 
1049-7 
7140 
497-2 
353-2 
255-79 
188-44 
141-07 
107-17 
82-49 
64-30 
50-69 
40-41 
32-54 
2643 
21-65 
17-88 
14-89 
12-497 


0033767 

0  035714 

0-037692 

0-039700 

0-041740 

0  043812 

0-045918 

0-048059 

0-050235 

0-052448 

0-054701 

0-056991 

0-059321 

0-061695 

0-064113 

0  066575 

0-069083 

0-071638 

0074245 

0076903 

0079612 

0-082379 

0-085201 

0-088084 

0-091028 

0-094037 

0-097112 

010026 

0-10347 


1947 
1978 

2008 
2040 
2072 
2106 
2141 
217G 
2213 
2253 
2290 
2:-30 
2374 
2418 
2462 
2508 
2555 
2607 
2658 
27C9 
2767 
2822 
2883 
2944 
3009 
3075 
3148 
321 
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Table  (^continued). 


9=^ 


0-48 

0-49 

0-50 

0-51 

0-52 

0-53 

0-54 

0-55 

0-56 

0-57 

0-58 

0-69 

0-60  ■ 

0-61 

0(52 

0-63 

0-64 

0-65 

0-66 

0-67 

0-68 

0-69 

0-70 

0-71 

0-72 

0-73 

0-74 

0-75 

0-76 

0-77 

0-78 

0-79 

0-80 

0-81 

0-82 

0-83 

0-84 

0-85 

0-86 

0-87 

0-88 

0-89 

0-90 

0-91 

092 

0-93 

0-94 

0-95 

0-96 

0-97 

0-98 

0-99 

1 


He' 


0-043680 

0-049398 

0-055577 

0-062232 

0-069372 

0.077004 

0085139 

0-093783 

0-10294 

0-11261 

0-12281 

013353 

0-14478 

0-15657 

0-16887 

0-18171 

019508 

0-20899 

0-223-13 

0-23837 

0-25385 

0-26985 

0-28637 

0-30340 

0-32094 

0-33900 

035755 

0-37661 

0-39617 

0-41621 

0-43G72 

0-45772 

0-47919 

0-50115 

0-52357 

0-54642 

0-56975 

0-59352 

0-61774 

0-64237 

0  66745 

0-69297 

0-71889 

074523 

0  77200 

0-79913 

0-82668 

0-85461 

0-88294 

0-91164 

0-94073 

0-97018 

1 


5718 
6179 
6655 
7140 
7632 
8135 
8644 
9157 
967 
1020 
1072 
1125 
1179 
1230 
1284 
1337 
1391 
1444 
1494 
1548 
1600 
1652 
1703 
1754 
1806 
1855 
1906 
1956 
2004 
2051 
2100 
2147 
2196 
2242 
2258 
2333 
2377 
2422 
2463 
2508 
2552 
2592 
2634 
2677 
2713 
2755 
2793 
2833 
2870 
2909 
2945 
2982 


87-953 
77-421 
68-476 
60-838 
54-275 
48-612 
43-698 
39-414 
35-664 
32-369 
29-460 
26-884 
24-595 
22-549 
20-720 
19078 
17-700 
16-265 
15-056 
13-958 
12-960 
12049 
11-217 
10-454 
9-7533 
9-1086 
8-5140 
7-9646 
7-4561 
6-9844 
6-5467 
6-1389 
6-7588 
5  4034 
5  0711 
4-7596 
4-4669 
4-1914 
4-9317 
3-6865 
3-4541 
3-2333 
3-0231 
2-8226 
2-6300 
2-4450 
2-2657 
2-0906 
1-9176 
1-7436 
]  -5635 
1-3627 
1 


A. 


10-532 

8-945 

7-640 

6-561 

5-663 

4-914 

4-284 

3-750 

3-295 

2-909 

2-576 

2-289 

2046 

1-829 

1642 

1-478 

1-335 

1-209 

1-098 
998 
911 
832 
763 
7007 
6447 
5946 
5494 
5085 
4717 
4377 
4078 
S801 
3554 
3323 
3115 
2927 
2765 
2597 
2452 
2324 
2208 
2102 
2005 
1926 
1850 
1793 
1751 
1730 
1740 
1801 
2008 
8627 


w 


0-10347 

0-10676 

011013 

0-11358 

0-11712 

0-12074 

0-12445 

0-12826 

0-13217 

0-13619 

014031 

0-14456 

0-14893 

0-15340 

0-15803 

0-16279 

0-16770 

017277 

0-17801 

0-18341 

0-1S901 

0-19479 

0-20079 

0-20702 

0-21347 

0-22(Jl9 

0-22717 

0-23445 

0-24204 

0-24997 

0-25827 

0-26697 

0-27612 

0-28673 

0-29587 

0-S0659 

0-31797 

0-33004 

0-34-293 

0-35676 

0-37160 

0-S8764 

0-405C8 

0-42422 

0-44528 

0-46S88 

0-49552 

0-52618 

0-56225 

0-60619 

0-66303 

0-74542 

1 


329 

337 
345 
354 
362 
371 
381 
391 
402 
412 
425 
437 
447 
463 
476 
491 
507 
524 
640 
560 
578 
600 
623 
645 
672 
698 
728 
759 
793 
830 
870 
915 
961 
1014 
1072 
1138 
1207 
1289 
1382 
1485 
1604 
1744 
1914 
2106 
2360 
26(;4^ 
3066 
3607 
4394 
5684 
8239 
25458 
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Here  it  must  be  remarked  that  the  values  taken  by  the  quan- 
tities n,  W,  and  w  at  the  critical  temperature,  at  which  \  =  0, 
and  which  values  may  be  denoted  by  0^,  Wp,  and  ?fv,  can  be 
obtained  from  the  expressions  above  mentioned,  contained  in 
§  3  of  my  previous  paper,  if  the  series  contained  in  §  4  be  also 
taken  into  account,  as  follows: — 

n,=  ^;     -W=2y;     w=2y (6) 

These  three  values  can  hence  be  regarded  as  determined,  just 
like  the  value  ©„  directly  by  the  constant  7;  and  accordingly 
the  following  fractions  can  be  formed : — 

n    w      .IV 

IT'     T^'  ^^^  — 

It  is  these  fractions  whose  values  are  given  in  the  Table 
(p.  133)  by  the  side  of  the  corresponding  gradually  increasing 
values  of  the  fraction  0/@c  denoted" by  6. 

§  2.  In  the  foregoing  Table  is  exhibited  a  relation,  equally 
holding  true  for  all  substances,  of  the  quantities  IT,  W,  and  lo 
to  a  temperature-function  0  which  is  still  left  undetermined. 
Now  what  the  form  of  the  relation  between  those  quantities 
and  the  temperature  itself  is,  whether  and  in  what  degree  it 
also  agrees  for  ditFerent  substances*,  depends  on  the  behaviour 
of  that  temperature-function.  In  my  investigation  I  started 
originally  from  the  hypothesis  that  the  temperature-function 
could  be  represented  by  an  expression  containing  only  one 
constant,  dependent  on  the  nature  of  the  substance;  but  I 
found,  on  closer  consideration,  that  a  satisfactory  accordance 
with  experiment  cannot  be  attained  in  so  simjde  a  nftmner. 
After  various  comparisons  I  obtained,  as  the  most  suitable 
form  of  an  equation  for  the  determination  of  the  fraction 
which  we  have  denoted  by  ©/©^j  ^^^  following: — 

®       ^      7  ri\ 


© 


c 


*  Two  older  propositions  on  this  relation  I  have  long  since  discussed 
(Pog-pr.  Ann.  Ixxxii.  p.  273,  1851,  and  Abhandli(i)(ie)tsammlim(f,  i.  p.  119, 
18G4).  If,  namelj',  the  temperatures  which  with  different  liquids  belong 
to  equal  vapour-tensions  be  called  co/ves;)ort(7/«9  temperatures,  then,  accord- 
ing to  Dalton,  the  differences  between  corresponding  temperatures  are  equal. 
Groshans,  on  the  other  hand,  has  set  up  an  equation  (Pogg.  Ann.  Ixxviii. 
p.  112,  1849)  which,  supposing  that  the  temperatures  be  reckoned  from 
—  273°  C,  expresses  that  for  any  two  liquids  all  corresponding  tempera- 
tures are  j^'oportional.  Of  these  two  propositions  the  second  certainly 
does  not  deviate  so  far  from  experience  as  the  first,  but  still  it  deviates 
too  far  for  it  to  be  possibly  admitted  as  expressing  an  actual  physical  law. 
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in  which  a,  h,  and  n  are  constants  which  have  different  values 
for  different  substances. 

The  question  now  is,  to  determine  these  constants  for  each 
substance. 

In  the  first  place,  in  regard  to  carbonic  acid,  in  the  formula 
which  I  constructed  specially  for  it*,  I  have  given  the  tempe- 
rature-function 0  a  very  simple  form,  namely  that  which  is 
obtained  from  equation  (7)  by  putting  in  it  b  =  0  and  n  =  2, 
by  which  it  is  transformed  into 

©"  _  a 

for  which  we  can  also  write 

©  =  T2.  const. 
I  added,  however,  at  the  time  of  publishing  that  formula  that 
I  had  tried  to  adjust  certain  differences  still  existing  between 
it  and  Andrews\s   observations,   but  had  again  desisted   on 
account  of  the  uncertainty  of  the  results  of  those  observations. 

What  I  said  at  that  time  of  the  then  existing  results  of 
observation  still  holds  good.  In  particular  it  must  be  remarked 
that  Andrews's  observations  refer  only  to  temperatures  above 
0°,  while  the  formula  must  remain  valid  also  below  0°  down 
to  the  freezing-point  of  carbonic  acid,  — 57°,  and  hence 
requires  for  the  determination  of  its  constants  the  observed 
values  of  a  similar  range  of  temperatures.  Now  we  possess,  it 
is  true,  a  series  of  tensions  of  saturated  carbonic-acid  vapour, 
published  by  Eegnaultt,  which  extends  to  —25°,  although 
not  to  —50°;  but  in  the  experiments  by  means  of  which 
Eeo-nault  found  those  numbers  considerable  sources  of  error 
appear  to  have  prevailed.  The  tensions  cited  by  Regnault  for 
temperatures  above  0°  deviate  considerably  from  those  observed 
by  Andrews^;  and  it  is  particularly  surprising  that  Regnault 
professes  to  have  observed  the  tensions  of  saturated  vapour  of 
carbonic  acid  up  to  temperatures  above  42°,  while  after  An- 
drews's experiments  it  is  now  established  that  from  31° 
upwards  there  is  no  saturated  carbonic-acid  vapour,  because 
condensation  no  longer  takes  place. 

Under  these  circum.stances  I  think  it  advisable  to  retain 
provisionally  my  above-mentioned  formula  for  carbonic  acid, 
as  an  approximately  correct  one,  and  to  defer  undertaking  the 
more  exact  determination  of  the  constants  till  reliable  data  of 
observation  shall  be  available  also  for  temperatures  below  0° 
down  to  the  freezing-point  of  carbonic  acid. 

*  Clausius,  Wied.  A}in.  ix.  p.  337  (1880). 

t  llegnault,  Jielaiion  cles  Experiences,  &c.  ii.  p.  625  (1802). 

X  Andrews,  Pioc.  lioj.  Soc.  Xiiii.  p.  516  (1875). 
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§  3.  A  substance  specially  suited  for  the  comparison  of  the 
theoretically  determined  Math  the  observed  vapour-tensions  is 
ether.  For  this  we  possess  the  series  of  tensions  determined 
by  Regnault*,  extending  from  -20°  to  120°,  of  which  the 
reliability  cannot  be  questioned,  and  a  series  of  tensions  by 
Sajotschewskyt,  which  extends  from  100°  to  the  critical  tem- 
perature 190°. 

Of  these  observed  tensions  I  have  employed  three  for  the 
determination  of  the  constants  occurring  in  equation  (7),  and 
found  the  following  numbers: — 

a=2665;     5  =  0-76786;     7i  =  l-19233. 

By  employing  these  numbers,  for  every  value  of  T  the  corre- 
sponding values  of  ©/®c  can  be  calculated  from  (7);  and  then 
the  value  belonging  to  it  of  the  fraction  11/11  c  can  be  taken 
from  the  Table.  From  this  fraction,  which  can  also  be  written 
PTc/PcT,  the  value  of  P  is  immediately  obtained,  since  P^  and 
Tc  are  known.  In  this  way  I  have  calculated  the  tensions  for 
a  series  of  temperatures  advancing  by  increments  of  20°  each, 
and  arranged  them  in  the  following  Table  under  the  designa- 
tion P  calc.  For  comparison  I  have  added,  under  P  obs.,  the 
observed  values — below  100°  those  observed  by  Regnault, 
above  100°  those  observed  by  Sajotschewsky,  and  for  100° 
and  120°  the  mean  values  taken  from  the  data  of  both  ob- 
servers. 


t 

-20° 

0° 

20° 

40° 

60° 

80° 

P  calc.    ... 

P  obs 

A 

00S81 

0-0907 

-00026 

0-2427 

0-24-26 

+0-0001 

0-572 

0  569 

+0-003 

1-195 

1193 

+0002 

2-265 

2270 

-0-005 

3-978 

3-977 

+0-001 

■ 

t 

100° 

120° 

140° 

160° 

180° 

190° 

P  calc.    ... 

P  obs 

A 

6-557 

6-549 

+0-008 

10-27 

10-28 

-  0-01 

1541 

15-42 
-  0-01 

22-33 

22-34 

-  001 

31-41 

31-90 

-  0-49 

36-90 
36-90 
0 

The  accordance  between  the  calculated  and  the  observed 
tensions  is  seen  to  be  almost  complete.  Only  at  180°  does  a 
difference  of  inadmissible  magnitude  occur,  which,  in  compa- 
rison with  the  rest  of  the  differences,  is  very  striking.  This, 
however,  is  doubtless  occasioned  by  an  inaccuracy  of  the 
observation-value,  as  is  most  clearly  to  be  inferred  from  the 

*  Regnault,  Eelaticn  des  Experiences,  &c.  ii.  p.  393. 
t  Sajotschewsky,  Beibldtter,  iii.  p.  741  (1879). 
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fact  that  Sajotscliewsky  himself,  by  means  of  an  empiric 
formula  deduced  from  the  rest  of  the  observation-values,  has 
determined  the  tension  at  180°  to  be  31*56  instead  of  31*90, 
whereby  the  difference  from  the  value  derived  from  our  Table 
is  reduced  from  0*49  to  0*1 5. 

The  values  of  W/ We  and  lo/Wc^  ^s  well  as  those  of  11/11^, 
are  given  in  our  Table. 

In  order  to  deduce  the  values  of  Wand  w  from  these  fractions, 
Wc  and  Wc  and  consequently,  according  to  (6),  the  constant 
7  must  be  known,  for  the  determination  of  which  the  constant 
R  is  again  requisite.  The  latter  is  obtained  in  the  following 
manner: — The  quantity  R  is,  in  accordance  with  its  significa- 
tion, inversely  proportional  to  the  specific  gravities  possessed 
by  the  substances  in  the  perfectly  gaseous  state.  Now  the 
value  of  R  for  atmospheric  air  is  known*,  namely  29*27;  and 
from  this  follows  for  ether,  if  d  denotes  the  specific  gravity, 
referred  to  air,  of  the  vapour  of  ether  in  the  state  of  a  perfect 
gas:— 

1^=^ (8) 

The  question  now  is,  which  specific  gravity  is  to  be  ascribed 
to  ether  vapour  in  the  perfectly  gaseous  state  ?  That,  I  believe, 
can  be  admitted  as  such,  which  is  obtained  when,  in  accord- 
ance with  the  accepted  chemical  formula  for  ether,  it  is 
assumed  that  1  vol.  oxygen  and  10  vols,  hydrogen,  with  the 
corresponding  quantity  of  carbon,  give  2  vols,  ether  vapour, 
namely  the  sp.  gr.  2*5604.  On  employing  this  number  iovdj 
the  preceding  equation  gives 

R=ll*4318. 

Tliis  value  refers  to  1  kilogram  of  the  substance  considered, 
and  therefore,  in  the  present  case,  of  ether;  and  in  it  the  unit 
of  volume  is  1  cubic  metre,  and  the  unit  pressure  the  pressure 
exerted  by  a  weight  of  1  kilogram  spread  over  a  surface  of 
1  square  metre.  These  units  we  will  retain  in  the  determina- 
tion of  the  other  constants  and  the  quantities  s  and  o". 
To  determine  7,  according  to  (6)  we  can  put 

1        RTc  ,  . 

'y=8n,=  8F/ ^^> 

c  c 

and  from  this,  if,  employing  the  values  found  by  Sajotschewsky 
for  the  critical  temperature  and  pressure,  we  put 

T^=273  + 190  =  463  and  P^=36*9  x  10333, 
*  See  Clausius,  Mechanische  Wdrmetheorie,  i.  p.  55. 
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and  for  R  tlie  previously  determined  value,  we  get 

7=0-0017352. 

Now,  when  with  the  help  of  the  value  of  Wc  and  lOc  repre- 
sented by  27  the  quantities  W  and  lo  have  been  obtained  from 
the  above-mentioned  fractions  W/Wc  and  xv/iOc  and  we  wish 
from  those  quantities  to  arrive  at  the  volumes  s  and  cr  of  the 
ether  vapour  and  liquid,  we  must  for  that  purpose  know  the 
constant  «  also,  since  .s  =  W  +  a,  and  o-=iu-|-a.  For  the  de- 
termination of  a  it  is  best  to  employ  any  observed  volume  of 
the  liquid,  from  which  the  calculated  value  of  lo  for  the  same 
temperature  is  to  be  subtracted.  At  0°,  according  to  Kopp, 
liquid  ether  has  the  specific  gravity  0*73658,  from  which,  con- 
sidering that  the  volume  cr  refers  not  to  the  pressure  of  1  atm., 
but  to  that  of  0*242(3  atm.,  we  get  0-  =  0*0013578.  In  like 
manner  we  get  for  20°,  according  to  Kopp,  cr=0"0014001. 
If  with  the  help  of  these  qiiantities  we  determine  a,  and  take 
the  mean  of  two  closely  accordant  values,  we  find 

«  =  0-0010876. 

It  may  here  at  once  be  added,  further,  that  after  the  deter- 
mination of  7  and  a  the  value  of  fS  also  immediately  results, 
since  i3  =  <y—a..     There  comes,  namely, 

^  =  0*0006476. 

Employing  the  found  values  of  the  constants,  we  can  now 
calculate  from  the  fractions  W/W,,  and  xo/u\.  the  quantities  s 
and  <T,  and  obtain  for  the  above-considered  series  of  tempera- 
tures the  followino;  values: — 


t 

-20° 

0° 

20° 

40° 

60° 

80° 

s   ... 
(7  ... 

3182 
0001318 

1-238 
0-001356 

0-5562 
0-001402 

0-2793 
0001455 

0-1524 
0001520 

008883 
0-001600 

t 

100° 

120° 

140° 

160° 

180° 

190° 

S   ... 

a ... 

0-05417 
0-001702 

003408 
0-001837 

002175 
0-002030 

001373 
0-002335 

0008016 
0-002982 

0004558 
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In  conclusion,  the  form  which  the  general  equation  (3) 
assumes  after  the  determination  of  0  may  now  be  added. 
According  to  (7)  and  (4)  we  must  put 


l=i-(a^-6)=?l2(aT-" 


■I). 
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For  this;  by  introducing  new  constants,  we  can  write  more 
briefly 

|=AT--B; (10) 

and  thereby  (3)  is  transformed  into 

KT       v-a        {v  +  ^f ^    ^ 

The  values  of  the  constants  A  and  B  for  ether  are  obtained 
from  the  above-given  values  of  a,  h,  and  y  as  follows: — 

A=15-607;     B  =  0-0044968. 

§  4.  The  substances  in  which  it  has  not  yet  been  possible  to 
extend  the  observations  of  the  vapour-tensions  up  to  the  cri- 
tical temperature,  present  difficulties,  in  the  determination  of 
the  constants  a,  h,  and  n  in  equation  (7),  which  are  the  greater 
the  more  distant  the  highest  observed  temperature  still  is  from 
the  critical  temperature.  If,  namely,  that  distance  is  very 
great,  the  alterations  of  the  constants  which^  in  the  tempera- 
ture-interval for  which  observations  are  available,  occasion  but 
slight  differences  in  the  calculated  vapour-densities,  yet  have 
for  their  result  a  considerable  difference  in  the  calculated  cri- 
tical temperature  and  the  pressure  corresponding  to  it. 

To  these  substances  belongs  icater.  I  have  tried,  from  Reg- 
nault's  observations  of  tensions,  which  extend  to  somewhat 
above  220°,  to  deduce  the  most  probable  values  of  the  con- 
stants, and,  after  various  comparisons,  have  arrived  at  the 
following  numbers: — 

a  =  5210;     6  =  0-85;     w  =  l-24. 

With  the  aid  of  these  numbers,  and  on  the  supposition  that 
for  the  temperature  of  100°  the  vapour-tension  amounts  to  1 
atmosphere,  I  have,  as  in  the  case  of  ether,  deduced  the  vapour- 
tensions  for  a  series  of  temperatures  advancing  by  increments 
of  20^  each,  and  found  the  following  values.  So  far  as  the 
observation-values  extend,  I  have  added  them  also,  for  com- 
parison, selecting  those  values  which  Regnault  took  direct 
from  the  curves  constructed  by  him,  and  which  he  regarded 
as  the  most  immediate  result  of  his  observations.  Where  he 
gives  two  values,  obtained  from  different  curves,  I  have  taken 
their  mean.  Beneath  the  observed  tensions  are  placed  the 
differences  from  the  calculated  ones  ;  and  I  have  moreover 
given  in  this  Table  the  calculated  values  of  s,  which  will  be 
spoken  of  further  on. 


Vapour-pressnre  and  the  Volumes  of  Vapour  and  Liquid.     141 
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s  
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Pcalc... 
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6415 
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86-27 
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Comparison  of  the  calculated  and  observed  tensions  shows 
a  xevj  satisfactory  accordance  within  the  entire  interval  from 
0°  to  220°;  accordingly  it  may  well  be  assumed  as  probable 
that  the  calculated  values  of  the  tensions  for  the  higher  tem- 
peratures also,  as  well  as  the  calculated  critical  temperature 
332°"32,  and  the  corresponding  pressure  of  134  atmospheres, 
do  not  deviate  too  far  from  the  truth. 

Now,  as  to  the  other  constants  which  occur  in  the  formulse, 
for  B,  according  to  equation  (8),  if  we  put  therein  for  d  the 
value  0*6221,  which  results  from  the  values  found  by  Reg- 
nault  for  the  specific  gravities  of  hydrogen  and  oxygen,  we 
get 

R=47-05. 

From  this  it  follows,  further,  according  to  (9),  if  for  T^ 
and  P^  the  values  above  found  be  employed,  that 

7  =  0-002569. 

To  determine  a,  from  an  observed  volume  of  liquid  -water  the 
calculated  value  of  lo  for  the  same  temperature  must  be  sub- 
tracted. Now  liquid  water,  when  heated  from  0°,  exhibits  the 
peculiar  phenomenon  that  at  first  it  contracts,  and  only  ex- 
pands above  4°,  and  that  even  then,  within  a  considerable 
interval  of  temperature,  its  coefficient  of  expansion  is  much 
more  variable  than  those  of  other  liquids.  This  phenomenon, 
which  is  unquestionablv  connected  with  those  molecular  forces 
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which  at  the  freezing  of  water  act  as  forces  of  crystallization, 
is  not  expressed  in  our  equation  employed  for  the  determina- 
tion of  w,  because  in  constructing  that  equation  forces  of  this 
kind  are  not  taken  into  consideration.  Hence  arises  for  the 
determination  of  a  an  uncertainty,  since  difterent  values  of  a. 
are  obtained,  according  to  the  temperature  to  which  the  water- 
volume  employed  for  the  determination  refers.  If  the  observed 
volume  at  20°  is  employed,  there  comes 

«  =  0-000754; 

and  when  this  number  is  subtracted  from  that  above  given  for 
7,  we  get 

/3=0-001815. 

Upon  the  calculated  values  of  the  vapour-volume  s  the  un- 
certainty existing  in  relation  to  the  constant  «  has  only  a  very 
slight  influence,  since  the  total  quantity  of  a,  in  comparison 
with  the  vapour-volume  at  all  temperatures  which  are  not  too 
near  the  critical  temperature,  is  very  small.  The  calculated 
values  of  s  for  the  above-considered  series  of  temperatures  are, 
as  already  mentioned,  annexed  to  the  last  Table;  they  exhibit 
the  volume,  in  cubic  metres,  of  a  kilogram  of  vapour. 

If,  lastly,  to  the  equation  determining  the  pressure  p  be 
given  the  form  adduced  under  (11), 

^__J^ AT-"-B 

KT~t;-«       {v  +  ^y  ' 

the  constants  A  and  B  herein  occurring  have  for  water  the 
following  values: — 

A  =  45-17;     B  =  0-00737. 
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December  7,  1881.— Robert  Etheridge,  Esq.,  F.R.S.,  President, 

in  the  Chair. 

T^RE  following  communications  were  read : — 
-L  1.  "  The  Zones  of  the  Blackdown  Beds  and  their  Correlation  with 
those   at  Haldon,  with  a  List  of  the  Fossils."     Ev  the   Rev.  "W. 
Downes,  B.A.,  F.G.S. 

The  author,  after  some  remarks  on  the  inexact  way  in  which 
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fossils  had  been  collected  from  or  referred  to  the  Blackdown  beds, 
and  a  sketch  of  the  literature  of  the  subject,  passed  on  to  a  correlation 
of  the  Elackdown  beds  with  deposits  in  other  localities.  He  pointed 
out  that  they  do  not  contain  a  sufficient  number  of  species  in  common 
with  the  Marne  de  Bracquegnies  to  justify  an  identification  with 
this.  He  compared  them  with  the  Haldon  beds,  and,  by  a  com- 
parison of  the  fossils  bed  by  bed,  showed  that  of  196  Blackdown 
species  (omitting  a  few  corals)  50  occur  at  Haldon  ;  the  latter 
section,  however,  represents  not  the  whole,  but  only  the  upper  part 
of  the  former,  nine  beds  in  the  lower  part  of  it  being  without 
representatives  at  Haldon.  Here  also  the  higher  beds  contain  a 
thin  band  distinguished  by  a  distinct  and  all  but  unique  fauna  (the 
zone  containing  the  corals  described  by  Prof.  Duncan).  Comparing 
the  Blackdown  beds  with  lists  of  Cretaceous  fossils  from  other 
localities,  it  would  appear  that  we  have  neither  exclusively  Upper- 
Greensand  forms  at  the  top,  nor  exclusively  Lower-Greensand 
forms  at  the  bottom,  nor  exclusively  Gault  forms  in  the  middle. 

2.  "  On  some  new  or  little-known  Jurassic  Crinoids."  By  P. 
Herbert  Carpenter,  Esq.,  M.A. 

3.  "  Notes  on  the  Polyzoa  of  the  Wenlock  Shales,  Wenlock  Lime- 
stone, and  Shales  over  the  Wenlock  Limestone.  From  material 
supplied  by  G.  Maw,  Esq.,  E.L.S.,  F.G.S."     By  G.  R.  Vine,  Esq. 

December  21. — Eobert  Etheridge,  Esq.,  F.R.S.,  President, 

in  the  Chair. 
The  following  communications  were  read  : — 

1.  "  The  Torridon  Sandstone  in  relation  to  the  Ordovician  Rocks 
of  the  Northern  Highlands."  By  C.  CaUaway,  Esq.,  M.A.,  D.Sc, 
F.G.S. 

The  author  pointed  out  that  the  apparent  difference  in  dip 
between  the  Torridon  sandstone  and  the  overlying  quartzite  in  the 
neighbourhood  of  Loch  Broom  was  due  to  some  markings  in  the 
former  which  suggested  a  direction  of  bedding  which  was  not  the 
real  one,  and  that  the  one  rock  passed  gradually  into  the  other. 
The  two  are  perfectly  conformable  at  Strath  Au-chall,  where  the 
junction  can  be  well  studied,  also  between  Unaport  and  Strath 
Kennort,  on  the  north  side  of  Loch  Assynt  and  south  of  Unaport. 
The  author  then  considers  that  there  is  proof  of  the  conformity  of 
the  quartzites  with  the  Torridon  sandstone,  and  that  there  is  no 
unconformity  as  generally  suggested.  In  this  case  it  appears  to 
him  to  follow  that  the  Torridon  sandstone  must  be  either  Ordovician 
or  Upper  Cambrian  in  age,  and  that  the  former  is  more  probable,  as 
the  overlying  quartzite  is  not  more  than  some  500  feet  thick,  so  that 
the  united  thickness  of  the  two  hardly  exceeds  at  most  that  of  the 
Arenigs  of  Shropshire  or  South  Wales. 

2.  "The  Precambian  (Ai-chtean)  Eocks  of  Shropshire."  Part  II. 
By  C.  Callaway,  Esq.,  D.Sc,  F.G.S. 

The  author  described    the  western  axis  of    Archsean    rocks    in 
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Shropshire,  which  runs  roughly  parallel  with  the  Wrekin  and 
Caradoc  ranges  at  a  distance  of  from  6  to  7  miles,  the  intervening 
district  being  chiefly  occupied  by  the  Longmynd  rocks.  They  are 
exposed  over  a  line  about  11  miles  long,  forming  usually  low  hills  or 
ridges  trending  S.S.W.  Pontsford  Hill,  however,  at  the  northern 
end,  projects  prominently  into  the  Shropshire  plain.  In  the  lower 
part  of  this  hill  are  purple  rhyolites  banded  and  spherulitic,  the 
latter  structure  being  exhibited  in  chalcedony  filhng  cavities  of  the 
rock.  Compact  dolerite  forms  the  upper  part  of  the  hill.  At  Lyd's 
Hole  a  junction  of  the  Cambrian  Grits  with  the  underlying  rhyohtes 
is  seen.  Conglomerates  containing  the  latter  rock  also  occur.  At 
Gatten  Lodge  are  purple  hornstoues  ;  at  Knoll's  Ridge  somewhat 
similar  rocks,  with  others  that  appear  intrusive ;  at  Cold  Hill 
purple  hornstone  and  breccia  ;  and  at  Chissol  a  greenish  hornstone. 
The  rocks  of  Knolls  Wood  are  probably  about  on  the  horizon  of 
those  of  Caer  Caradoc,  grits  perhaps  derived  from  a  gneissic  area. 
Stratigraphical  as  well  as  lithological  considerations  lead  the  author 
to  the  opinion  that  the  series  is  Pi'ecambrian. 

3.  "The  Eed  Sands  of  the  Arabian  Desert."  By  J.  A.  Phillips, 
Esq.,  F.R.S.,  F.G.S. 

The  author  described  the  general  characters  of  the  Nefud,  or 
great  red  desert  of  Northern  Arabia,  which  consists  of  a  series  of 
parallel  ridges  of  considerable  elevation,  no  doubt  at  some  period 
piled  up  by  the  action  of  strong  winds,  but  now  no  longer  under- 
going much  change  of  position,  as  is  evidenced  by  the  fact  that 
sticks  and  stones  remain  for  many  days  uncovered  on  the  surface, 
and  that  the  landmarks  made  use  of  in  crossing  the  desert  appear 
to  be  permanent.  A  specimen  of  the  sand  of  this  desert  received  by 
the  author  from  Lady  Anne  Blunt,  is  composed  of  well-rounded  red 
grains  from  —  to  -gly  inch  in  their  longest  diameter,  which  are 
rendered  colourless  by  treatment  with  hydrochloric  acid,  the  material 
thus  removed  amounting  to  -21  per  cent.,  or  a  little  more  than  ^-i-g- 
of  the  total  weight  operated  upon,  and  consisting  of  ferric  oxide 
with  a  small  quantity  of  alumina.  The  sand  dried  after  the  action 
of  hydrochloric  acid  gave  on  analysis  : — 

Silica    98-53 

Protoxide  of  iron     0*28 

Alumina 0*88 

Lime,  magnesia,  and  alkalies trace. 


99-69 

The  external  coating  of  ferric  oxide  must  therefore  have  been 
deposited  subsequently  to  the  rounding  of  the  grains ;  it  could 
not  have  been  derived  from  an  external  decomposition  of  the  grains 
themselves ;  and  it  becomes  difficult  to  imagine  in  what  manner  the 
auperficial  rod  coating  can  have  been  produced.  The  author  com- 
pared  these   grains  with    those   of  the   millet-seed  sandstones  of 
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Triassic  age,  with  which  they  closely  agree  in  character,  but  re- 
marked that  the  conditions  of  their  occurrence  were  apparently 
quite  different. 

4.  "Analyses  of  five  llocks  from  the  Charnwood-Forest  District." 
By  E.  E.  Berry,  Esq.  Communicated,  with  Notes,  by  Prof.  T.  G 
Bonney,  F.Il.S.,  Sec.  G.S. 

These  analyses  are  of  hornblendic  granite  from  Mount  Sorrel, 
"  syenite"  from  Markfield,  Garendon,  and  Croft  Hill,  and  "  porphy- 
roid  "  from  Sharpley.  In  the  main  they  confirm  the  views  ex- 
pressed by  Messrs.  Hill  and  Bonney  in  their  communications  on  the 
subject,  arrived  at  from  microscopic  examination,  as  to  the  nature 
and  affinities  of  these  rocks. 


January  11,  1882.— R.  Etheridge,  Esq.,  F.R.S.,  President, 

in  the  Chair. 

The  following  communications  were  read: — 

1.  "On  the  Chalk  Masses  or  Boulders  included  in  the  Contorted 
Drift  of  Cromer,  their  Origin  and  Mode  of  Transport."  By  T. 
MeUard  Reade,  Esq.,  E.G.S. 

The  author  referred  to  the  occurrence  in  the  Contorted  Drift  of 
Cromer  of  large  masses  of  chalk,  and  came  to  the  following  con- 
clusions : — The  travelled  masses  are  derived  from  sea-cliffs  and  the 
result  of  landslips,  aided  by  the  penetration  of  water  forming  ice, 
intrusive  in  fissures  which  detached  them  from  the  parent  rocks. 
Water  rising  from  subterranean  sources  accumulated  as  ice  around 
the  fallen  masses,  and  was  then  frozen  into  the  shore-ice.  Ice-floes 
brought  into  contact  with  these  masses  were  also  frozen  into  them, 
forming  a  raft  capable  of  floating  away  the  boulders.  The  incline 
of  the  shore  and  the  rise  and  fall  of  the  tides  on  the  breaking-up  of 
the  ice  would  suffice  to  launch  the  rafts  into  the  sea ;  and  they 
probably  floated  in  water  not  more  than  200  feet  deep.  The  fre- 
quency of  these  boulders  and  their  accumulation  in  the  Cromer 
deposit  point  to  their  having  been  arrested  by  the  shoaling  of  the 
water  and  by  stranding  on  a  submarine  bank.  The  nature  of  the 
chalk  showed  that  they  had  not  travelled  far. 

2.  "  Observations  on  the  two  Types  of  Cambrian  Beds  of  the 
British  Isles  (the  Caledonian  and  Hiberno-Cambrian),  and  the 
Conditions  under  which  they  were  respectively  deposited."  By 
Prof.  Edward  Hull,  LL.D.,  E.R.S.,  E.G.S. 

In  this  paper  the  author  pointed  out  the  distinctions  in  mineral 
character  between  the  Cambrian  beds  of  the  Xorth-west  Highlands  of 
Scotland  and  their  assumed  representatives  in  the  east  of  Ireland  and 
in  North  Wales.  In  the  former  case,  which  included  the  beds  belong- 
ing to  the  "  Caledonian  type,"  the  formation  consists  of  red  or  purple 
sandstones  and  conglomerates ;  in  the  latter,  which  included  the 
beds  belonging  to  the   "  Hiberno-Cambrian  type,"  the  formation 
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consists  of  hard  green  and  purple  grits  and  slates  contrasting  strongly 
with  the  former  in  structure  and  appearance. 

These  differences  the  author  considered  were  due  to  deposition  in 
distinct  basins  lying  on  either  side  of  an  Archtean  ridge  of  crystalline 
rocks  which  ranged  probably  from  Scandinavia  through  the  central 
highlands  of  Scotland,  and  included  the  north  and  west  of  Ireland, 
with  the  counties  of  Donegal,  Derry,  Mayo,  Sligo,  and  Galway — in 
all  of  which  the  Cambrian  beds  were  absent,  so  that  the  Lower 
Silurians  repose  directly  and  unconformably  on  the  crystalline  rocks 
of  Laurentian  age. 

As  additional  evidence  of  the  existence  of  this  old  ridge,  the  author 
showed  that  when  the  Lower  Silurian  beds  were  in  course  of  for- 
mation, the  Archaean  floor  along  the  west  of  Scotland  must  have 
sloped  upwards  towards  the  east ;  but  he  agreed  with  Professor 
Ramsay  that  the  crystalline  rocks  of  the  Outer  Hebrides  formed 
the  western  limit  of  the  Cambrian  area  of  deposition,  and  that  the 
basin  was  in  the  form  of  an  inlaiid  lake. 

On  the  other  hand,  looking  at  the  fossil  evidence  both  of  the 
Irish  and  Welsh  Cambrian  beds,  he  was  of  opinion  that  the  beds  of 
this  basin  were  in  the  main,  if  not  altogether,  of  marine  origin,  and 
that  the  basin  itself  had  a  greatly  wider  range  eastward  and  south- 
ward, the  old  Archaean  ridge  of  the  British  Isles  forming  but  a 
small  portion  of  the  original  margin. 

3.  "  The  Devono-Silurian  Formation."  By  Prof.  E.  HuU,  LL.D., 
F.R.S.,  F.G.S. 

The  beds  which  the  author  proposed  to  group  under  the  above 
designation  are  found  at  various  parts  of  the  British  Isles,  and  to  a 
slight  extent  on  the  continent.  The  formation,  however,  is  emi- 
nently British,  and  occurs  under  various  local  names,  of  which  the 
following  are  the  principal : — 

England  and  Waxes. 

Bevonsliire. — The  Foreland  Grits  and  Slates  lying  below  the 
Lower  Devonian  beds  (''  Lyuton  Beds  "). 

Welsh  Borders. — "  The  passage-beds  "  of  Murchison,  above  tho 
Upper  Ludlow  Bone-bed,  and  including  the  Downton  Sandstone, 
and  rocks  of  the  Ilidge  of  the  Trichrug.  These  beds  form  the  con- 
necting link  between  the  Estuarine  Devonian  beds  of  Hereford 
(generally,  but  erroneously,  called  the  "  Old  Red  Sandstone  ")  and 
the  Upper  Silurian  Series. 

South-east  of  EiujJund  (Sub-Cretaceous  district). — The  author 
assumed,  from  the  borings  at  Ware,  Turnford,  and  Tottenham  Court 
Road  described  by  Mr.  Etheridge,  that  the  Devono-Silurian  beds 
lie  concealed  between  Turnford  and  Tottenham  Court  Road  on  the 
south  and  Hertford  on  the  north. 

Irelaxd. 
Soutli. — '•  The  Dingle  Beds,''  or  "  GlcngarifT  Grits  and  Slates,"' 
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lying  conformably  on  the  Upper  Silurian  Beds,  as  seen  in  the  coast 
of  the  Dingle  promontory  and  overlain  imconformably  by  either  Old 
Red  Sandstone  or  Lower  Carboniferous  beds,  10,000  to  12,000  feet. 
North. — "  The  Fiutona  Beds,"  occupying  large  tracts  of  London- 
derry, Monaghan,  and  Tyrone,  resting  unconformably  on  the  Lower 
Silurian  beds  of  Pomeroy,  and  overlain  unconformably  by  the  Old 
Red  Sandstone  or  Lovrer  Carboniferous  beds,  5000  to  6000  feet  in 
thickness. 

Scotland. 

Beds  of  the  so-called  "  Lower  Old  Red  Sandstone,"  with  fish  and 
crustaceans,  included  in  Professor  Geikie's  "  Lake  Orcadie,  Lake 
Caledonia,  and  Lake  Cheviot,''  underlying  unconformably  the  Old 
Red  Sandstone  and  Lower  Calciferous  Sandstone,  and  resting  un- 
conformably on  older  crystalline  rocks.  Thickness  in  Caithness 
about  16,200  feet. 

The  author  considered  that  all  these  beds  were  representative  of 
one  another  in  time,  deposited  under  lacustrine  or  estuarine  con- 
ditions, and,  as  their  name  indicated,  forming  a  great  group  inter- 
mediate between  the  Silurian  on  the  one  hand  and  the  Devonian 
on  the  other.  He  also  submitted  that  their  importance,  as  indicated 
by  their  great  development  in  Ireland  and  Scotland,  entitled  them 
to  a  distinctive  name  such  as  that  proposed. 


XVII.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  LUMINOUS  INTENSITIES  OF  THE  RADIATIONS  EMITTED 
BY  INCANDESCENT  PLATINUM.       RY  PROF,  J.  VIOLLE. 

T  HAVE  measured  at  different  temperatures,  and  for  various  ra- 
-^     diations,  the  light-intensities  of  incandescent  platinum. 

I  have  selected  as  temperatures  some  of  the  melting-points 
which  I  previously  determined  in  degrees  of  the  air-thermoraetei', 
and  which  I  here  repeat  (correcting  the  melting-point  of  gold, 
which  was  set  down  by  mistake  at  1035°) : — ■ 

Melting-point  of  silver    954 

„         »         gold 10-15 

„         „         palladium     1500 

„         „         platinum 1775 

In  order  to  get  some  platinum,  for  example,  at  1045°,  a  button 
of  platinum  of  about  200  grams  weight  was  put  into  a  crucible  of 
unglazed  porcelain,  which  was  introduced  into  a  second  crucible, 
made  of  fireclay,  and  already  containing  at  its  lower  part  500  grams 
of  gold.  The  whole  was  placed  in  a  large  vertical  Perrot  furnace 
traversed  along  its  axis  by  a  long  fireclay  tube,  through  which  the 
surface  of  the  platinum  could  be  seen.  It  was  heated  up  to  the 
fusion  of  the  gold  ;  the  arrival  gas-cock  was  then,  to  a  slight  extent, 
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partially  closed,  so  as  to  induce  a  commencement  of  solidification ; 
the  cock  was  again  touched ;  and  by  thus  modifying  the  arrival  of 
the  gas,  it  was  kept,  without  too  much  difficulty,  just  at  the  point 
of  fusion.  The  great  mass  of  the  furnace  secures  a  sufficiently 
extensive  constant  thermal  field,  and  permits  its  constancy  to  be 
easily  maintained. 

The  operation  was  precisely  the  same  for  bringing  the  platinum 
to  and  keeping  it  at  954°,  the  outer  crucible  containing  silver 
instead  of  gold. 

It  is  rather  more  difficult  to  accomplish  the  operation  in  the  pal- 
ladium bath ;  it  can,  however,  be  done  by  feeding  the  furnace  with 
a  Schloesing  blowpipe  and  protecting  the  crucibles  by  graphite 
casings.  Palladium  can  also  be  made  use  of  more  simply,  even  at 
its  melting-point,  by  emplo^dng  Deville  and  Debray's  furnace  and 
blowpipe. 

For  the  photometric  measurements  I  employed  successively  the 
two  methods  by  which  luminous  intensities  are  usually  measured — 
the  comparison  of  two  contiguous  luminous  fields,  and  the  extinc- 
tion of  the  isochromatic  lines  called  forth  by  a  sensitive  polariscope. 
I  used  for  this  purpose  the  Gouy  spectrophotometer  and  a  Trannin 
spectrophotometer,  suitably  modified  for  the  preseiit  use ;  and 
although  each  of  these  apparatus  suits  better  than  the  other  in  cer- 
tain cases,  I  thus  obtained  a  valuable  control  of  the  results.  The 
source  taken  as  the  term  of  comparison,  in  all  the  experiments,  was 
the  Carcel  standard  lamp  burning  42  grams  of  oil  per  hour. 

The  following  Table  contains  the  results  thus  obtained,  plus 
those  of  a  series  made  at  775°  (temperature  measured  by  the  calo- 
rimetric  method). 


Intensities. 

X=589-2. 

X=635.             \=482. 

D. 

(E=527)          (F=486) 

0-00060 

0-00030 

2-01105 

0-00715  {!) 

0-0402 

0-0265           0-0162 

2-417 

2-198              1-894 

8-932 

9-759            12-16 

Temperatures.  \=656. 
C. 

775  0-00300 

954   0-01544 

1045   0-0505 

1500   2-371 

1775   7-829 

If,  then,  the  luminous  intensity  of  incandescent  platinum  at 
954°,  1045°,  and  1500°,  in  the  various  simple  radiations,  be  suc- 
cessively taken  for  the  unit,  we  get  for  the  relative  intensities  : — 


775  .. 

019    ... 

•  •• 

005 

004 

954  .. 

1 

•  1  • 

1 

1 

1045  .. 

3-27       1 

•  «  • 

3-64 

1       ...          371 

1 

1 

1500  .. 

154         47 

1 

219 

60    1          307 

83 

1 

117     1 

1775  .. 

507        155 

3-30 

809 

222    3-70    1365 

368 

444 

752    6-42 

Various  consequences  follow  from  these  numbers,  both  for  the 
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law  of  radiatiou  at  liigh  temperatures,  aad  iu  regard  to  the  mea- 
surement of  those  high  temperatures  by  photometry.  I  shall 
shortly  resume  these  two  important  questions,  at  present  confining 
myself  to  indicating  the  formula 

I=mT='(H-6a-T)T 

as  well  representing  the  results.  I  is  the  intensity  of  a  simple 
radiation ;  T,  the  absolute  temperature ;  m,  e,  and  a,  constants 
which  will  have  to  be  determined. — Gomptes  Rendus  de  V Academic 
des  Sciences,  t.  xcii.  p.  866  (1881). 


AN  APPLICATION  OF  ACCIDENTAL  IMAGES.       (SECOND  NOTE.) 

BY  J.  PLATEAU. 

In  my  first  Note*  I  showed  that  the  distance  to  which  we  refer 
the  moon  in  the  sky  can  be  pretty  exactly  estimated  by  projecting 
upon  a  wall  the  dark  accidental  image  which  succeeds  the  contem- 
plation of  the  moon  itself,  then  receding  from  or  approaching 
towards  the  wall  till  the  diameter  of  the  image  is  judged  to  be  equal 
to  that  of  the  celestial  object,  and,  lastly,  measuring  the  distance 
at  which  the  observer  is  from  the  wall  when  this  condition  appears 
to  be  fulfilled.  I  said  then  that  one  of  my  sons  had  by  this  means 
obtained  about  51  metres  for  the  distance  in  question.  As  this 
value  seemed  very  small,  I  have  more  recently  induced  my  son  to 
make  a  control  experiment,  although  with  less  precision  :  he  sought 
a  position,  in  front  of  the  wall,  such  that  the  diameter  of  the  dark 
image  appeared  to  him  as  exactly  as  possible  half  of  that  of  the 
moon;  and  this  required  him  to  be  distant  from  the  wall  not  more 
than  23'5  metres.  JSTow,  in  virtue  of  tlie  known  proportionality 
between  the  diameter  of  the  accidental  image  and  the  distance  to 
which  it  is  projected,  double  the  above  quantity,  viz.  -17  metres, 
consequently  represented  approximately  the  distance  at  which  my 
son  instinctively  placed  the  moon ;  and  it  will  be  seen  that  this 
latter  distance,  though  not  coinciding  with  the  51  metres  of  the 
previous  experiment  less  subject  to  error,  is  nevertheless  of  the 
same  order. 

M.  Tabbe  Thirion,  Professor  at  the  College  de  la  Paix  at  Namur, 
has  since  published  t  an  estimate  at  which  he  arrived  by  a  quite  dif- 
ferent procedure.  He  assembled  twelve  of  his  pupils,  and  asked 
each  of  them  to  trace  'on  a  black  board  a  circumference  of  the  size 
he  saw  the  moon  in  the  sky.  These  twelve  circumferences  were 
very  unequal;  the  smallest  was  only  19  ceutim.  in  diameter,  while 

•  Bull.  Acad.  Roy.  Belg.  [2]  xlix.  1880,  p.  316;  Phil.  Mag.  August 
1880,  p.  134. 
t  La  Lune — les  prejuffes  et  les  illusions  :  Bruxelles,  1881. 
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or,  if  the  simultaneous  modification  of  the  charges  and  potentials  is 
iniiuitesimal, 

i::\i3V=2Y5M (2') 

whence  this  theorem,  a  consequence  of  Gauss's  principle  explained 
according  to  §  I. : — 

In  a  system  of  fixed  conddctors,  in  ivhich  two  distinct  si/stems  of 
eqiulibrium  are  considered,  the  sum  of  the  products  of  tlie  initial  charfje 
of  each  conductor  and  the  variation  of  its  potential  from  one  state  to 
the  other  is  equal  to  the  sum  of  the  products  of  the  initial  potential  and 
the  variation  of  the  charge. 

III.  When  conductors,  maintained  at  constant  potentials,  are  left 
to  their  mutual  actions,  the  energy  of  the  system  tends  toivards  a 
maximum. 

Clerk  Maxwell  has  demonstrated  this  theorem*  by  means  of  the 
linear  equations  which  exist  between  the  potentials  and  the  charges. 
The  following  process  is  more  direct  and  speedy. 

Let  us  suppose,  at  the  beginning,  each  conductor  A^,  A^, . .  . 
insulated,  and  impress  on  the  system  an  infinitely  small  deformation  ; 
the  charges  M^,  SL,,  ...  do  not  change  ;  there  are  for  the  respective 
potentials  the  falls  oV,,  ^V,, .  . , ;  the  loss  of  energy,  equal  to  the 
external  ivorJc  accomplished,  is 

gw=-isMav. 

Now,  the  conductors  being  fixed,  let  us  connect  them  to  constant 
batteries,  in  order  to  restore  the  potentials  to  their  original  values. 
This  restoration  of  the  potentials  cannot  be  effected  without  addi- 
tional charges  ^M^,  f  M.,, .  . .  ,  reguiaicd  by  the  relation  (2').  The 
positive  variation  of  the  initial  energy  will  therefore  be 

a'^V=:  +  i2MaY. 
Wo  hence  conclude  that 

aw+^'W=o, 

and 

g'W-oW=2MaY. 

Therefore  (1)  the  work  accomplished,  during  the  displacement, 
by  the  electrical  forces  is  equal  to  the  augmentation  of  energy  of 
the  system ;  (2)  the  energy  furnished  by  the  sotirces  is  eqtial  to 
twice  one  or  the  other  of  those  quantities,  and  is  expended  exactly, 
half  in  mechanical  work,  half  in  electrical  work  or  potential  energy. 

According  to  the  equality  (2),  the  preceding  tlieorem  applies  to 
definite  defornmtion;  but,  for  its  application  to  the  theory  of  elec- 
trometers, there  is,  as  is  known,  only  occasion  to  consider  an  ele- 
mentary modification. — Comptes  Rendus  de  V Academic  des  Sciences, 
Jan.  9,  1882,  t.  xciv.  pp.  74-76. 

*  *  Electricity  and  Magnetism,'  vol.  i.  p.  90. 
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law  of  radiation  at  high  temperatures,  and  in  regard  to  the  mea- 
surement of  those  high  temperatures  by  photometry.  I  shall 
shortly  resume  these  two  important  questions,  at  present  confining 
myself  to  indicating  the  formula 

I=7nT\l  +  ea-T)T 

as  well  representing  the  results.  I  is  the  intensity  of  a  simple 
radiation ;  T,  the  absolute  temperature ;  m,  e,  and  a,  constants 
which  will  have  to  be  determined. — Comjjtes  Rendus  de  I'Academie 
des  Sciences,  t.  xcii.  p.  866  (1881). 


AN  APPLICATION  OF  ACCIDENTAL  IMAGES.       (sECOND  NOTE.) 

BY  S.  PLATEAU. 

In  my  first  Note*  I  showed  that  the  distance  to  which  we  refer 
the  moon  in  the  sky  can  be  pretty  exactly  estimated  by  projecting 
upon  a  wall  the  darlv  accidental  image  which  succeeds  the  contem- 
plation of  the  moon  itself,  then  receding  from  or  approaching 
towards  the  wall  tUl  the  diameter  of  the  image  is  judged  to  be  equal 
to  that  of  the  celestial  object,  and,  lastly,  measuring  the  distance 
at  which  the  observer  is  from  the  wall  when  this  condition  appears 
to  be  fulHlied.  I  said  then  that  one  of  my  sons  had  by  this  means 
obtained  about  51  metres  for  the  distance  in  question.  As  this 
value  seemed  very  small,  I  have  more  recently  induced  my  son  to 
make  a  control  experiment,  although  with  less  precision  :  he  sought 
a  position,  in  front  of  the  wall,  such  that  the  diameter  of  the  dark 
image  appeared  to  him  as  exactly  as  possible  half  of  that  of  the 
moon;  and  this  required  him  to  be  distant  from  the  ^^"all  not  more 
than  23-5  metres.  I^ow,  in  virtue  of  the  known  proportionality 
between  the  diameter  of  the  accidental  image  and  the  distance  to 
which  it  is  projected,  double  the  above  quantity,  viz.  47  metres, 
consequently  represented  approximately  the  distance  at  which  my 
son  instinctively  placed  the  moon ;  and  it  will  be  seen  that  this 
latter  distance,  though  not  coinciding  with  the  51  metres  of  the 
previous  experiment  less  subject  to  error,  is  nevertheless  of  the 
same  order. 

M.  Tabbe  Thirion,  Professor  at  the  ColK'ge  de  la  Paix  at  Xamur, 
has  since  published  t  an  estimate  at  which  he  arrived  by  a  quite  dif- 
ferent procedure.  He  assembled  twelve  of  his  pupils,  and  asked 
each  of  them  to  trace  on  a  black  board  a  circumference  of  the  size 
he  saw  the  moon  in  the  sky.  These  twelve  circumferences  were 
very  unequal ;  the  smallest  was  only  19  centim.  in  diameter,  while 

•  Bull.  Acad.  Roy.  Belg.  [2]  xlix.  1880,  p.  316 ;  Phil.  Mag.  August 
1880,  p. 134. 
t  La  Lune — les  prejuges  et  les  illusions  :  Bruxelles,  1881. 

Phil.  Mag.  S.  5.  Vol.  13.  No.  79.  Feb.  1882.  N 
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or,  if  the  simultaneous  modificatiou  of  the  charges  and  potentials  is 
intinitesimal, 

sMav=svaM (2') 

whence  this  theorem,  a  consequence  of  Gauss's  principle  explained 
according  to  §  I. : — 

In.  a  system  affixed  conductors,  in  ivhieh  two  distinct  systems  of 
ef/uilibrium  are  considered,  the  sum  of  the  products  of  the  initial  charge 
of  each  conductor  and  the  variation  of  its  potential  from  one  state  to 
the  other  is  equal  to  the  sum  of  the  products  of  the  initicd  potential  and 
the  variation  of  the  charge. 

III.  When  conductors,  maintained  at  constant  potentials,  are  left 
to  their  mutual  actions,  the  energy  of  the  system  tends  towards  a 
maximum. 

Clerk  Maxwell  has  demonstrated  this  theorem*  by  means  of  the 
linear  equations  which  exist  between  the  potentials  and  the  charges. 
The  following  process  is  more  direct  and  speedy. 

Let  us  suppose,  at  the  beginning,  each  conductor  A^,  A^, . . . 
insulated,  and  impress  on  the  system  an  infinitely  small  deformcition  ; 
the  charges  Mj,  M^,  ...  do  not  change  ;  there  are  for  the  respective 
potentials  the  falls  oV^,  oV,, .  . . ;  the  loss  of  energy,  equal  to  the 
externcd  worTc  accomplished,  is 

aw=-|sMav. 

Now,  the  conductors  being  fixed,  let  us  connect  them  to  constant 
batteries,  in  order  to  restore  the  potentials  to  their  original  values. 
This  restoration  of  the  potentials  cannot  be  effected  without  addi- 
tional charges  ^Mj,  ^M^, .  . .  ,  regulated  by  the  relation  (2').  The 
positive  variation  of  the  initial  energy  will  therefore  be 

a'w=+|sMav. 

We  hence  conclude  that 

aw+j'w=o, 

and 

a'w-aw=sM^v. 

Therefore  (1)  the  work  accomplished,  during  the  displacement, 
by  the  electrical  forces  is  equal  to  the  augmentation  of  energy  of 
the  system ;  (2)  the  energy  furnished  by  the  sources  is  equal  to 
twice  one  or  the  other  of  those  quantities,  and  is  expended  exactly, 
half  in  mechanical  work,  half  in  electrical  work  or  potential  energy. 

According  to  the  equality  (2),  the  preceding  theorem  applies  to 
a, finite  deformation;  but,  for  its  application  to  the  theory  of  elec- 
trometers, there  is,  as  is  known,  only  occasion  to  consider  an  ele- 
mentary modification. —  Comptes  Rendus  de  VAcademie  de^  Scioices, 
Jan.  9,  1882,  t.  xciv.  pp.  74-76. 

•  '  Electricity  and  Magnetism,'  vol.  i.  p.  9G. 
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XVIII.   Electro-optic  Experiments  on  various  Liquids.     Bij 
John  Kerr,  LL.D.,  Free  Church  Training  College,  Glasgow*. 

THE  following  notes  of  experiments  are  intended  as  a 
sequel  to  two  of  my  former  papers  on  Electro-optics, 
which  appeared  in  the  Philosophical  Magazine  for  August  and 
September  1879.  In  those  papers  I  gave  an  account  of  me- 
thods and  results  in  connexion  with  twent  j-seven  liquid  dielec- 
trics; thirteen  of  them  belonging  to  the  class  of  fixed  oils,  and 
all  clearly  active  as  nonconductors,  with  the  one  exception  of 
nitrobenzol.  Shortly  afterwards.  Professor  Rontgen  repeated 
and  varied  my  experiments,  and  produced  a  very  interesting 
investigation  on  the  subject ;  and,  in  particular,  he  extended 
the  list  of  electro-optically  active  dielectrics  by  the  important 
addition  of  three  bodies — water,  sulphuric  ether,  and  glyce- 
rinef.  To  the  list  already  published  I  have  now  to  add  more 
than  a  hundred  new  liquids,  with  specification  of  their  actions 
as  positive  or  negative,  strong  or  weak,  pure  or  impure.  I 
shall  give  first  a  condensed  account  of  the  experiments,  and 
then  a  summary  of  results  (art.  29). 

Apparatus  and  Methods. 

1.  The  small  plate  cell  is  the  principal  instrument  used  in 
the  present  experiments.     As  I  gave  a  full  description  of  this 

*  Communicated  by  the  Author. 

t  There  is  a  good  account  of  Professor  Rontgen's  paper  in  Mr.  Gordon's 
Treatise  on  Electricity. 
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important  piece  in  the  first  of  my  two  papers  already  referred 
tO;  I  think  that  here  I  need  only  reproduce  the  diagram. 


Optical  Arrangements. — The  plate  cell,  charged  nearly  full 
with  the  dielectric  liquid,  is  stationed  between  the  polarizing 
and  analvzino-  Kicols,  the  faces  of  the  liquid  plate  being 
always  perpendicular  to  the  line  of  vision.  In  most  cases,  the 
object  viewed  in  the  polariscope  is  a  narrow  and  sharply-out- 
lined flame,  a  flat  and  thin  paraffin-flame  presented  edgeways, 
and  seen  exactly  through  the  centre  of  the  electric  field.  The 
first  Nicol  is  fixed  with  its  principal  section  at  45°  to  the 
horizon,  or  to  the  lines  offeree;  and  the  second  Nicol  is  fixed 
at  extinction.  When  the  light  is  Avell  restored  by  electric 
force,  the  character  of  the  effect  as  positive  or  negative  is 
genei-ally  detected  at  a  glance,  and  with  perfect  certainty,  by 
the  use  of  the  hand-compensator.  This  is  a  small  rectangular 
slip  of  thin  plate  glass,  held  in  the  observer's  hands  belween 
the  two  Nicols,  and  simply  stretched  or  compressed  in  a  direc- 
tion parallel  to  the  lines  of  force. 

Electric  Arrangements. — These  vary  wdth  circumstances,  and 
are  sometimes  all  employed  successively  in  the  examination  of 
one  dielectric.  The  liquid  may  be  tried  (1)  as  a  nonconductor, 
(2)  as  a  conductor,  but  Avithout  the  jar,  (3)  with  the  jar, 
(4)  with  intense  discharges  of  a  Euhmkortf 's  coil. 

Every  new  liquid  is  tested  for  insulation  in  the  first  place. 
The  outer  balls  of  the  cell  are  connected  respectively  with 
prime  conductor  and  earth  by  unbroken  A^ires,  and  the  machine 
is  set  in  motion.  The  test  consists  in  bringing  up  the  knuckle 
or  an  earth-connected  ball  to  contact  with  prime  conductor, 
and  receiving  J  or  not  receiving,  a  spark. 

(1)  To  try  a  liquid  electro-optically  as  a  nonconductor. 
The  cell  is  placed  in  the  polariscope  at  extinction,  its  outer 
balls  being  connected  with  prime  conductor  and  earth  by  un- 
broken wires  ;  the  machine  is  set  in  motion,  and  the  polari- 
scope is  watched  for  a  restoration  of  the  light  from  extinction. 
When  there  is  a  clear  effect,  it  is  tested  by  the  hand-compen- 
sator, and  characterized  as  positive  or  negative.  This  method 
has  given  distinct  results  with  every  moderately  good  insulator 
yet  examined. 
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(2)  When  the  prime  conductor  gives  no  sensible  spark  in 
the  test  for  insulation,  the  first  method  fails,  and  the  liquid  is 
then  tried  as  a  conductor,  but  first  without  the  jar.     The  wire 
from  prime  conductor  to  cell  is  broken,  and  the  ends  are  in- 
serted in  two  metallic  balls,  which  are  supported  on  insulating 
pillars,  and  separated  bj  an  air-interval.     The  machine  being 
set  in  motion,  the  two  balls  are  put  in  contact  at  every  turn 
or  half  turn  of  the  plate,  so  as  to  discharge  the  prime  conductor 
through  cell  to  earth;  and  the  polariscope  is  watched  for  resto- 
ration at  the  instants  of  discharge.     When  the  optical  effect 
is  moderately  strong  and  not  very  abrupt,  the  hand-compen- 
sator works  as  well  here  as  in  the  former  case.     There  are 
many  liquids   (nitrobenzol,   benzonitrile,  amyl  alcohol,  &c.) 
which  give  intense  restorations  purely  positive  or  purely  uega- 
tiv^e  when  tried  in  this  wav,  thou<rh  thev  give  no  sure  trace  of 

.      ^  O  I/O 

effect  wJien  tried  as  nonconductors. 

(3)  When  this  method  fails,  the  power  is  increased  by  the 
addition  of  a  Leyden  jar,  whose  knob  and  outer  coating  are 
connected  respectively  with  prime  conductor  and  earth.  The 
machine  is  set  in  motion,  and  the  discharginff  balls  are  brouo-ht 
into  contact,  first  at  every  turn  of  the  plate,  then  at  every  second 
turn,  and  so  forward,  till  the  optical  effect  is  brought  out  with 
sufhcient  intensity.  There  are  many  liquids  (butvl  and  propyl 
alcohols,  propionic  and  acetic  acids,  &c.)  which  give  pure  and 
strong  restorations  at  and  above  some  point  of  this  process, 
but  no  trace  of  effect  without  the  jar. 

(-4)  When  these  methods  fail,  the  Winter's  plate  machine 
is  abandoned,  and  a  Ruhmkortf 's  coil  is  applied.  The  coil  is 
worked  by  six  large  Grove's  elements  in  series,  and  gives  a 
powerful  spark  (8  to  10  inches  in  air).  The  cell  is  sometimes 
inserted  in  the  circuit  of  the  secondary  coil  by  unbroken  wires; 
in  other  cases,  there  are  air-intervals  left  at  the  outer  ends  of 
the  cell,  which  are  traversed  by  spark  discharges.  It  is  found 
to  be  generally  advisable,  and  sometimes  necessary,  to  dis- 
pense with  the  automatic  rheotome,  and  to  work  the  instrument 
by  hand,  so  as  to  obtain  separate  discharges  at  intervals  of  one 
or  more  seconds.  With  all  precautions,  the  discharo-es  are 
often  too  strong  for  perfect  purity  of  electro-optic  action,  pro- 
ducing large  disturbances  in  the  liquid,  and  givino-  rise  in  a 
little  time  to  intense  heat-effects.  There  are  several  liquids 
(ethyl  alcohol,  distilled  water,  &c.)  which  have  given  good 
results  by  this  method  only. 

2.  The  Fusion-cell,  a  small  instrument  similar  to  the  plate 
cell,  but  adapted  to  higher  temperatures,  is  represented  in  the 
adjacent  diagram. 

The  shaded  piece  is  a  square  of  plate  glass,  half  an  inch 
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thick,  with  a  square  space  worked  out  of  it  as  shown  in  the 
tio-ure.  In  contact  with  this  frame,  and  covering  its  two  faces, 
are  two  panes  of  thin  plate  glass,  Avhich  are  kept  closely  and 
firmly  united  to  the  frame  by  a  small  metallic  press.  The 
conductors  in  the  coll  are  twoballs  of  brass,  electroplated  with 
platinum,  and  attached  each  to  a  stiff  wire,  which  passes 
upwards  through  an  insulating  tube  of  glass.     These  tubes 


are  supported  by  a  stand  (shown  in  the  figure).  The  cell  and 
stand  are  placed  on  an  iron  tripod,  and  enveloped  by  a  wide 
muffle  of  sheet  iron,  with  an  aperture  at  the  top  for  the  long 
conductor,  and  two  apertures  at  the  sides  for  transmission  of 
the  light.  Under  the  floor  of  the  tripod  is  an  Argand  gas- 
burner,  which  supplies  a  current  of  hot  air  to  the  interior  of 
the  muffle. 

In  the  course  of  some  preliminary  experiments  on  the  fats 
and  waxes,  the  fusion-cell  was  found  to  be  not  nearly  so  deli- 
cate as  the  plate  cell,  both  instruments  working  under  ordinary 
conditions — the  former  at  high  temperatures,  the  latter  at  the 
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temperature  of  the  laboratory.  The  conditions  of  experiment 
with  the  fusion-cell  are  always  in  some  degree  unfavourable  ; 
so  that  a  moderately  strong  effect  obtained  with  this  instru- 
ment may  be  accepted  safely  as  an  evidence  of  high  electro- 
optic  power  in  the  dielectric.  This  remark  applies  to  several 
important  bodies  (phosphorus,  cetyl  and  cinnyl  alcohols,  sper- 
maceti, (fee),  which  have  given  good  effects  in  the  fusion-cell. 

Elementary  Bodies. 

3.  Broinine,  phosphorus,  and  sulphur,  all  in  the  liquid  state, 
are  found  to  be  electro-optically  active  and  purely  positive. 

Bromine  was  examined  in  the  plate  cell  without  effect;  but 
this  trial  was  indecisive,  as  the  plate  of  liquid  was  almost 
opaque  to  the  sunbeam.  I  therefore  had  a  special  cell  con- 
structed, shaped  like  the  fusion-cell,  but  only  a  quarter  inch 
thick.  As  inductive  terminal  I  used  the  long  conductor  of 
the  fusion-cell,  supported  by  its  proper  stand;  the  other  con- 
ductor was  a  rounded  segment  of  a  disk  of  brass,  resting  on  the 
floor  of  the  cell,  and  connected  by  a  lateral  wire  to  earth.  All 
the  metalHc  pieces  were  plated  with  platinum;  and  the  fumes 
from  the  liquid  were  sufficiently  confined  b}"  a  covering  of  soft 
leather  pressed  lightly  on  the  mouth  of  the  cell.  The  optical 
conditions  were  now  very  favourable.  The  image  of  the  sun 
in  the  mirror  of  a  porte-lnmiere,  viewed  through  the  centre  of 
the  electric  field,  was  of  course  deeply  coloured  and  much 
weakened;  but  it  still  presented  a  fine  object  in  the  polariscope: 
the  extinction  also  was  pure  and  sharp  ;  and  the  object  was 
well  restored  by  a  very  feeble  strain  of  the  hand-compensator. 

Tried  as  a  nonconductor,  the  plate  of  bromine  gave  no 
optical  effect;  nor  did  it  give  any  sensible  spark  in  the  test  for 
insulation.  Tried  then  as  a  conductor,  with  moderate  charges 
of  the  jar,  it  gave  a  regular  and  very  fine  restoration,^  vivid 
and  undistorted,  and  not  at  all  abrupt.  When  tested  by  the 
hand-compensator,  the  effect  was  found  to  be  purely  positive, 
strengthened  by  tension  parallel  to  the  lines  of  force,  and 
weakened  to  extinction  by  compression. 

Phosphorus  was  examined  in  the  fusion-cell,  at  a  tempera- 
ture a  little  above  its  melting-point.  Several  trials  were  made 
before  a  sufficiently  clean  plate  was  obtained;  but  I  succeeded 
at  last,  by  pressing  out  the  phosphorus  through  a  bag  of 
chamois-leather,  under  hot  water.  The  cell,  charged  nearly 
full  with  phosphorus,  and  then  filled  up  with  water,  was  placed 
in  the  hot-air  bath,  between  the  two  Nicols  ;  and  the  experi- 
ment was  carried  forward  as  in  the  case  of  bromine.  The  con- 
ditions of  optical  observation  were  unfiivourable,  the  cell-panes 
being  strongly  and  not  very  regularly  strained  by  the  heat. 
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The  initial  extinction  was  very  slow  and  impure  ;  but  it  was 
perfected  by  careful  regulation  of  the  temperature,  and  bv  the 
application  of  a  stationary  neutralizing  plate  of  glass.  Like 
difficulties  occurred  in  most  of  the  experiments  with  the  fusion- 
cell,  and  they  were  generally  overcome  in  the  same  way. 

Tried  as  a  nonconductor,  the  plate  of  phosphorus  gave  no 
optical  effect.  Tried  then  as  a  conductor,  with  moderate 
charges  of  the  jar,  it  gave  a  good  restoration, — not  so  strong,  I 
thought,  as  that  of  bromine,  but  equally  regular  and  pure, 
strengthened  by  tension  parallel  to  lines  of  force,  and  weak- 
ened to  extinction  by  compression.  Phosphorus  therefore,  like 
bromine,  is  purely  positive. 

Judging  from  some  facts  that  presented  themselves  in  the 
course  of  my  experiments  with  fused  phosphorus,  I  am  almost 
sure  that,  with  better  apparatus  and  proper  arrangements, 
this  body  would  give  a  good  optical  effect  as  a  nonconductor. 

Sulphur. — The  fusion-cell  was  placed  on  its  tripod  between 
the  crossed  Kicols,  and  all  the  pieces  were  put  in  final  position 
as  for  the  optical  experiment  ;  the  cell  was  then  filled  with 
sublimed  sulphur,  and  the  temperature  of  the  air-bath  was 
raised  gradually.  As  the  sulphur  melted,  new  quantities  were 
supplied  till  the  cell  Avas  nearly  full  of  liquid.  The  initial 
extinction  was  now  restored  as  quickly  as  possible  by  the  use 
of  a  thick  neutralizing  plate  of  glass  placed  in  front  of  the 
second  Nicol,  and  the  sulphur  was  tried  as  a  nonconductor. 
When  the  machine  was  set  in  motion,  the  flame  Avas  restored 
strongly  from  extinction ;  and  the  effect  was  found  to  be  purely 
positive,  strengthened  by  tension  parallel  to  lines  offeree,  and 
extinguished  by  compression.  As  the  experiment  went  on  for 
a  minute  or  more,  the  effect  became  weaker  and  weaker  till 
it  was  impercejjtible.  Tlie  insulation  had  evidently  failed,  the 
temperature  being  too  high  for  the  apparatus. 

The  Leyden  jar  being  now  introduced  quickly,  the  sulphur 
was  tried  as  a  conductor,  and  there  Avas  a  strong  restoration 
obtained  by  discharge  at  every  fifth  turn  of  the  j)late.  The 
effect  v.as  still  purely  positive,  strengthened  by  tension  parallel 
to  lines  of  force,  and  extinguished  by  compression.  In  a  few 
minutes  this  effect  also  disappeared  ;  and  it  could  not  be  reco- 
vered by  regulation  of  the  temperature.  In  the  meantime  the 
plate  of  sulphur  had  deteriorated  very  much  from  its  first 
purity.  Perfectly  clean  at  first,  it  Avas  now  filled  Avith  black 
particles. 

After  this  first  experiment,  I  made  scA-eral  attempts  to  obtain 
a  more  constant  effect,  but  without  success.  The  conditions 
of  the  experiment  Avere  too  trying  for  the  apparatus  :  the  cell 
was  damaged  iu  the  first  experiment,  and  was  very  soon  de- 
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stroyed.  Although  I  never  recovered  any  thing  like  the  very 
strong  and  fine  effects  which  I  have  described,  I  have  no 
doubt  that  fused  sulphur  is  purely  and  strongly  positive. 

Hydrocarbons . 

4.  Those  of  the  hydrocarbons  that  I  have  examined  up  to 
this  time,  the  nine  or  ten  mentioned  in  my  former  paper,  and 
the  eight  which  here  follow*,  are  all  nonconductors,  electro- 
optically  active,  and  purely  positive. 

Amyl  hydride^  C5  H12,  is  interesting  as  one  of  the  lightest 
of  known  liquids.  Tested  for  insulation  in  the  plate  cell,  it 
gave  a  spark  hardly  \  inch  long.  Tried  optically  as  a  non- 
conductor, it  gave  a  sure  but  extremely  faint  restoration  from 
pure  extinction.  When  the  hand -compensator  was  introduced 
beforehand,  and  strained  steadily,  the  effect  of  electric  force 
was  brought  out  more  strongly,  and  with  great  purity — an 
increase  of  light  in  the  case  of  tension  parallel  to  lines  offeree, 
and  a  decrease  to  extinction  in  the  case  of  compression.  There 
was  no  increase  of  effect  when  the  liquid  was  tried  as  a  con- 
ductor, with  or  Avithout  the  Leyden  jar. 

Hexyl  hydride,  or  trityl,  Cg  Hj^.  For  a  specimen  of  this 
liquid,  prepared  from  petroleum-oil,  I  am  indebted  to  the 
kindness  of  Dr.  Gladstone.  It  was  examined  immediately 
after  amyl  hydride,  for  the  purpose  of  comparison.  Of  the 
two,  the  hexyl  compound  appeared  to  be  somewhat  stronger 
both  in  insulating  and  in  electro-optic  power.  Both  bodies 
exert  very  faint  but  perfectly  pure  actions  as  positive  non- 
conductors. 

Cinnamol,  0$  Hg,  tried  in  the  plate  cell  as  a  nonconductor, 
gave  an  intense  and  purely  positive  effect.  The  action  was 
strong  enough  to  give  definite  and  very  black  extinction- 
bands,  like  those  in  my  old  experiments  with  CSg  and  the 
strono-er  hydrocarbons. 

Caprylene,  Cg  Hje,  acts  in  the  plate  cell  as  a  positive  non- 
conductor. Most  of  the  plates  of  this  liquid  were  somewhat 
dirty,  and  easily  traversed  by  spark  discharge  ;  but  the  effect 
was  always  manifest,  and  always  purely  positive.  In  the 
cleaner  plates  the  action  was  very  fine,  and  apparently  a  good 
deal  sti'onger  than  that  formerly  observed  in  the  lighter  olefine, 
amylene. 

Caouichoucin,  or  empyreumatic  oil  of  caoutchouc. — My 
specimen  of  this  liquid  was  of  a  deep  red  colour,  and  a  mode- 
rately good  insulator ;  so  that  it  could  be  tried  in  the  plate  cell 

*  All  of  them  pure  hydrocarbons,  except  caoutchoucin  and  oil  of  resin, 
which  contain  a  little  oxygen. 
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as  a  nonconductor.  The  optical  conditions  were  unfavourable, 
and  the  effect  of  electric  force  could  hardly  be  detected  from 
pure  extinction;  but  when  the  hand-compensator  was  used 
(as  with  amyl  hydride  formerly),  the  effect  came  out  very 
clearly — an  increase  of  light  in  the  case  of  tension  parallel  to 
lines  of  force,  and  a  decrease  to  sensible  extinction  in  the  case 
of  compression. 

Oil  of  Resin  is  interesting  for  its  great  density,  '9989.  It  is 
a  distillate  of  common  resin,  redistilled  from  caustic  potash, 
and  is  now  largely  used  in  the  jute-manufacture.  My  speci- 
men was  a  very  clean  trade-sample,  of  a  clear  amber-colour,  a 
prettv  strong  photogyre,  and  a  good  insulator.  Tried  in  the 
plate' cell  as  a  nonconductor,  it  gave  a  strong  positive  effect. 
As  soon  as  the  machine  was  set  in  motion,  the  light  was 
restored  from  a  faint  red  or  blue,  which  was  the  best  extinc- 
tion, to  an  intense  and  sensibly  pure  white;  and  the  effect  was 
streno-thened  by  tension  parallel  to  lines  of  force,  and  weakened 
to  good  extinction  by  compression.  This  result  agrees  with 
my  former  observations  on  solid  resin,  where  also  the  effects 
were  positive,  though  very  much  fainter. 

Paraffin  fuses  into  a  purely  transparent  liquid  at  about 
50'^  C.  Tried  in  the  fusion-cell  as  a  nonconductor,  it  gave  a 
strong  regular  effect.  A  quarter  turn  of  the  plate  restored  the 
light  well  from  extinction;  and  the  effect  was  strengthened  by 
tension  parallel  to  lines  of  force,  and  neutralized  by  compres- 
sion. The  sluggishness  of  rise  and  fall  of  optical  effect  was 
very  manifest.  There  was  also  some  disturbance,  produced  by 
movements  in  the  liquid,  when  the  machine  was  in  motion. 

Kaplithaline,  Cio  Hj,  fuses  at  a  moderate  temperature  into 
a  transparent  and  very  volatile  oil.  Tried  in  the  same  way  as 
paraffin,  it  acted  very  similarly.  There  was  a  greater  disturb- 
ance by  gross  movements  in  the  liquid;  but  the  optical  effect 
was  regular  and  perfectly  distinct,  conspiring  with  tension 
parallel  to  lines  of  force,  and  neutralizing  compression. 

Alcohols,  C„  Hsn+i  HO. 

5.  Of  this  series,  the  eight  members  corresponding  to  the 
following  values  of  n  were  examined  in  order: — 

16,     8,     5,     4,     3,     2,     1,     0. 

The  first  six  are  purely  negative,  falling  in  power  perceptibly 
and  regularly  from  first  to  sixth  ;  the  seventh  and  eighth  are 
purely  but  feebly  positive, 

Ceiyl  alcohol  (?i=16)  fuses  into  a  transparent  and  nearly 
colourless  jilate,  at  or  near  50°  C.  It  was  tried  in  the  i'usion- 
cell  as  a  nonconductor,  after  the  initial  extinction  had  been 


E.vperiments  on  various  Liquids.  161 

perfected  by  careful  regulation  of  temperature  and  by  the  use 
of  a  neutralizing  plate.     One  turn  of  the  machine  gave  a  strong 
restoration  in  the  polariscope;  and  the  effect  was  purely  nega- 
tive, being  neutralized  by  tension  of  the  hand-compensator  in 
a  direction  parallel  to  the  lines  offeree,  and  regularly  strength- 
ened by  compression.     Good  results  of  the  same  kind  were 
obtained  with  half  a  turn  of  the  plate,  and  even  with  a  quarter 
turn.     When  the  electric  force  was  intense,  thei'c  was  some 
disturbance  produced  by  movements  in  the  liquid.    When  the 
temperature  was  raised  very  high,  the  regular  effect  disap- 
peared, probably  from  failure  of  the  insulation;  and  Avhen  the 
temperature  was  lowered  to  the  point  of  solidification,  and 
particles   began   to   appear  in  the   liquid,   the    optical    effect 
became  irregular  and  very  weak,  and  (on  the  whole)  appa- 
rently positive.      But  when  these  exceptional  temperatures 
were  avoided,  the  action  of  this  alcohol  was  seen  to  be  con- 
stantly,  strongly,  and  purely  negative.      All  the   following 
members  of  the  series  were  examined  in  the  plate  cell,  and  at 
ordinary  temperatures. 

Capryl  alcohol  (?i  =  8)  gave  no  spark  in  the  test  for  insula- 
tion, and  \^'as  inactive  accordingly  when  tried  as  a  noncon- 
ductor. Tried  as  a  conductor,  with  the  jar  and  two  or  three 
turns  of  the  plate,  it  gave  a  brilliant  effect,  which  was  found  to 
be  purely  negative,  being  strengthened  by  compression  of  the 
hand-compensator  in  a  direction  parallel  to  the  lines  of  force, 
and  neutralized  by  tension,  weakened  in  fact  fiom  a  high 
intensity  down  to  perfect  extinction.  Tried  then  without  the 
jar,  by  discharge  at  every  turn  or  half  turn  of  the  plate,  it 
gave  a  clear  and  pretty  strong  effect,  always  purely  negative 
by  both  tests. 

Amyl  alcohol  (n  =  5)  is  weaker  than  the  last,  both  in  insu- 
lating and  in  electro-optic  poA^^er;  for  when  tried  as  a  con- 
ductor, without  the  jar,  it  gave  a  mei'e  suspicion  of  effect. 
Tried  then  with  the  jar,  and  two  or  three  turns  of  the  plate,  it 
gave  a  pretty  strong  effect,  which  was  found  to  be  purely  ne- 
gative by  one  test,  being  strengthened  by  compression  parallel 
to  lines  of  force,  but  not  sensibly  affected  by  tension.  The 
failure  of  the  second  test,  weakening  by  tension,  was  evidently 
due  to  the  great  abruptness  of  the  electro-optic  action,  the 
momentary  darkening  of  a  steady  flame  being  less  perceptible 
than  a  momentary  brightening.  If  anv  proof  of  the  truth  of 
this  explanation  were  required,  it  could  be  supplied  by  a  simple 
form  of  experiment,  which  I  may  describe  further  on . 

Btdyl  alcohol  (71  =  4)  is  Aveaker  than  the  last.  Tried  with 
the  jar,  it  gave  a  very  good  restoration  by  discharge  at  every 
tenth  turn  of  the  plate.     Five  turns,  powerful  formerly  with 
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amyl  alcohol,  gave  now  no  sensible  effect.  The  electro-optic 
action  was  found  to  be  purely  negatiA'e,  conspiring  regularly 
with  compression  parallel  to  lines  of  force,  and  giving  no  sen- 
sible change  (except  an  apparently  instantaneous  tremor  of 
the  flame)  with  tension. 

Propyl  alcohol  (n  =  3)  shows  an  additional  fall  of  power. 
Tried  with  the  Leyden  jar,  it  gave  a  good  restoration,  though 
not  strong,  with  fifteen  turns  of  the  plate.  Ten  turns,  poM-ertul 
with  butyl  alcohol,  gave  now  no  sensible  restoration  from  ex- 
tinction. The  effect  was  purely  negative,  strengthened  always 
by  compression  parallel  to  lines  of  force,  and  not  sensibly 
affected  by  tension. 

Ethyl  alcohol  (?i  =  2),  specific  gravity  '795,  showed  a  large 
fall  of  power.  \\'yth  plate  machine  and  strongest  charges  of 
the  jar,  it  gave  no  sure  trace  of  effect.  With  the  large  Ruhm- 
korff  "s  coil,  working  in  the  usual  way  with  oscillating  rheotome, 
it  gave  a  strong  heat-effect  almost  at  once.  The  rheotome 
was  therefore  worked  by  hand,  separate  discharges  being 
taken  at  intervals  of  1  or  2  seconds.  At  each  discharge, 
there  was  a  perfectly  regular,  but  very  faint,  restoration  from 
pure  extinction.  Tested  by  the  hand-compensator  with  great 
care,  the  electro-optic  action  was  found  to  be  purely  negative, 
recrularlv  neutralized  or  much  weakened  bv  tension  parallel  to 
lines  of  force,  and  regularly  strengthened  by  compression. 

Methyl  alcohol  (?i=l),  tried  with  strongest  charges  of  the 
jar,  gave  an  effect  which  was  clear  and  regular,  but  too  feeble 
to  be  characterized.  Tried  with  separate  discharges  of  the  coil, 
it  gave  a  faint  restoration  regularly  from  pure  extinction. 
Tested  by  the  hand-compensator  with  great  care,  the  effect 
was  strengthened  regularly  by  tension  parallel  to  lines  of  force, 
and  neutralized  or  much  weakened  regularly  by  compression  ; 
so  that  this  alcohol,  contrarily  to  the  preceding  six,  is  distinctly 
and  purely  positive.  As  far  as  I  could  judge,  the  action  was 
somewhat  stronger  than  the  contrar}-  action  of  ethyl  alcohol. 

JJidilled  icater  (?i  =  0),  tried  with  strongest  charges  of  the 
jar,  gave  a  clear  effect,  apparently  better  than  that  in  methyl 
alcohol,  but  still  too  faint  to  bo  characterized.  Tried  with 
separate  discharges  of  the  coil,  it  gave  u  faint  restoration  regu- 
larly from  })ure  extinction.  The  effect  was  found  to  be  23urely 
positive,  strengthened  by  tension  parallel  to  lines  of  force,  and 
neutralized  or  much  weakened  regularly  by  compression.  I 
thouo-lit  the  action  rather  stronc;er  than  that  of  methvl  alcohol, 
and  certainly  not  weaker.  The  experiment  with  one  charge 
of  water  could  not  be  continued  well  for  any  length  of  time, 
as  the  electro-optic  field  was  obscured  very  soon  by  an  ascend- 
ing cloud  of  gases. 
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Acids,  Cn  Hzra  O2. 
6.  Of  the  series  of  fatty  acids,  the  seven  members  corre- 
sponding to  the  following  values  of  n  were  examined  in  the 
plate  cell  at  ordinary  temperatures; — 

8,     Q,     5,     4,     3,     2,     1. 

The  first  six  are  purely  positive,  the  seventh  feebly  but 
purely  negative  ;  and  they  fall  regularly  in  power  from  the 
first  to  the  last. 

Caprylic  acid  (ft  =  8),  tried  as  a  nonconductor,  gave  a  faint 
but  good  restoration  regularly  from  extinction.  As  a  con- 
ductor, its  action  was  much  stronger  ;  and  when  the  jar  was 
used,  the  effect  of  discharge  at  every  second  or  third  turn  of 
the  plate  was  very  brilliant.  The  effect  from  weak  to  strong- 
est was  purely  positive,  strengthened  by  tension  parallel  to 
lines  of  force,  and  extinguished  perfectly  by  compression. 

I  never  obtained  this  liquid,  nor  indeed  any  of  the  following 
acids,  in  a  state  of  perfect  (optical)  purity.  After  any  amount 
of  filtering,  there  were  always  some  A-isible  specks  left,  solid 
particles  apparently  of  the  acid  itself,  or  of  some  chemically 
homoloo-ous  matter. 

Caproic  acid  (?i=6)  is  distinctly  weaker  than  the  last,  but 
otherwise  hardly  distinguishable  from  it  in  experiment.  As 
a  nonconductor,  it  gave  no  satisfactory  effect  in  the  polariscope. 
Tried  as  a  conductor,  with  or  without  the  jar,  it  gave  a  fino 
restoration,  A^hich  was  very  brilliant  with  strong  discharges  ; 
and  the  efi'ect,  weak  or  strong,  Avas  always  purely  positive, 
strengthened  by  tension,  and  extinguished  by  compression. 

Valeric  acid  (ft  =  5)  acts  as  a  weak  photogyre,  barely  sepa- 
rating the  red  and  blue  at  extinction.  Tried  as  a  conductor, 
without  the  jar,  it  gave  a  regular  efi'ect^  which  Avas  merely 
strong  enough  to  be  characterized  as  purely  positive.  With 
the  jar  it  gave  a  series  of  brilliant  effects,  always  purely  posi- 
tive by  both  tests. 

With  either  of  these  three  acids,  it  is  easy  to  obtain  a  large 
range  of  optical  effects,  from  very  intense  to  evanescent,  in 
one  experinjent.  The  jar  is  well  charged,  say  by  twenty  turns 
of  the  plate,  and  the  discharging  balls  are  brought  at  short 
intervals  into  instantaneous  contact,  so  as  to  discharge  the  jar 
gradually  and  discontinuously  through  the  cell.  Working  in 
this  way  with  valeric  acid,  and  with  one  moderate  charge  of 
the  jar,  I  have  counted  up  to  about  fifty  good  restorations  in 
the  polariscope. 

Butyric  acid  (n  =  4),  tried  as  a  conductor,  but  without  the 
jar,  gave  an  effect  which  was  too  faint  to  be  characterized, 
showing  a  distinct  fall  of  power  in  comparison  with  the  last 
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acid.  With  the  jar  and  two  turns  of  the  plate,  the  restoration 
was  good,  though  still  faint ;  with  ten  or  fifteen  turns  it  was 
brilliant.  The  effect  was  always  strengthened  by  tension 
parallel  to  lines  of  force,  and  always  extinguished  perfectly  by 
compression. 

Isohutyric  acid,  examined  immediately  afterwards  in  the 
same  way,  acted  very  similarly,  but  was  apparently  stronger. 
Frojyionic  acid  (n  =  3)  showed  an  additional  fall  of  power — 
gave  no  clear  effect  without  the  jar  and  five  or  more  turns  of 
the  plate.  The  effect  of  discharge  at  every  tenth  turn  was 
moderately  strong,  and  was  found  to  be  purely  positive  by 
both  tests. 

Temperature  was  observed  to  have  a  great  influence  on  the 
action  of  this  acid.  In  one  experiment,  the  initial  temperature 
happened  to  be  about  0^  C,  and  there  was  no  effect  obtained 
with  less  than  twenty  turns  of  the  plate;  but  when  the  cell 
was  now  gently  heated  by  exposure  for  a  minute  in  front  of 
the  fire,  the  effect  of  discharge  was  certain  at  every  third  turn, 
and  good  at  every  fifth. 

Glacial  Acetic  acid  («  =  2)  showed  an  additional  fall  of 
power.  With  the  jar  and  ten  turns  of  the  plate,  it  gave  an 
effect  so  faint  as  to  be  often  uncertain.  With  fifteen  turns, 
the  restoration  was  clear  and  regular,  though  not  yet  strong. 
Tested  by  the  hand-compensator  at  this  or  higher  power,  the 
effect  was  strengthened  regularly  by  tension  parallel  to  lines 
of  force,  but  hardly  or  not  at  all  affected  (and  certainly  not 
strengthened)  by  compression.  Acetic  acid  is  seen  thus  to  be 
purely  positive,  and  a  very  weak  insulator.  The  second  test 
by  the  hand-compensator  (neutralization  by  the  proper  strain), 
fails  here,  as  it  failed  earlier  (with  Leyden  discharges)  in  the 
series  of  alcohols. 

Cry stallizable  Formic  acid  (n  =  l)  showed  a  large  additional 
fall  of  power,  with  undoubted  reversal  of  sign.  Tried  with 
plate  machine  and  strongest  charges  of  the  jar,  it  gave  an  effect 
which  was  clear  and  perfectly  regular,  though  very  faint  and 
abrupt.  The  light  was  now  restored  steadily  and  veiy  faintly 
from  extinction,  by  permanent  strain  of  the  hand-compensator ; 
and  the  observations  were  repeated.  In  the  case  of  compres- 
sion parallel  to  lines  of  force,  the  effect  was  regular  and  very 
distinct  ;  the  light  brightened  sensibly  for  a  moment  at  the 
instant  of  discharge.  In  the  case  of  tension  parallel  to  lines 
of  force,  the  effect  was  not  so  regular;  at  the  instant  of  discharge 
the  light  was  sensiblv  and  very  abruptly  darkened  in  a  few 
instances,  never  certainly  strengthened,  and  generally  affected 
merely  as  by  an  instantaneous  shock,  without  seizable  change  of 
intensity.     Like  results,  though  hardly  so  good,  were  obtained 
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afterwards  with  the  RuhmkorfF's  coil.  Formic  acid  is  there- 
fore purely  negative,  but  a  very  weak  insulator.  It  gives  no 
good  effect  at  temperatures  very  near  the  freezing-poiut ;  and 
the  same  remark  applies  to  acetic  acid. 

7.  Two  of  the  so-called  solid  acids  of  the  same  series  were 
examined  in  the  fusion-cell,  and  were  found  to  be  negative. 

Palmitic  acid  {n=16^,  a  transparent  oil  at  or  above  G2°  C, 
acted  well  as  a  nonconductor.  One  turn  of  the  plate  gave  an 
intense  restoration,  whose  purely  negative  character  was  very 
little  disturbed  by  movements  in  the  liquid.  When  the  tem- 
perature was  little  above  the  point  of  fusion,  and  carefully 
regulated,  the  initial  extinction  was  very  good  without  the 
neutralizing  plate,  and  there  was  no  trace  of  disturbance  by 
currents.  One  eighth  of  a  turn  gave  then  a  good  effect  which 
was  purely  negative,  strengthened  by  compression  parallel  to 
lines  of  force,  and  extinguished  by  tension. 

Stearic  acid  (?i  =  18),  a  transparent  oil  at  or  above  70°  C, 
acted  on  the  whole  as  well  as  the  last,  though  there  was  rather 
more  disturbance  by  currents.  One  turn  of  the  plate  gave 
always  a  strong  effect  which  was  purely  negative,  conspiring 
with  compression  parallel  to  lines  of  force,  and  neutralizing 
tension. 

These  results  were  very  unexpected.  I  therefore  tested 
them  at  some  length,  working  with  new  samples  of  the  acids, 
the  purest  that  could  be  obtained,  and  comparing  them  suc- 
cessively with  paraffin  and  the  fats.  The  facts  never  varied  : 
the  two  fused  acids  were  always  distinctly  and  purely  negative. 

Other  Alcohols  and  Acids. 

8.  AUt/I  alcohol,  C3  H5  HO,  is  distinctly  though  not  quite 
purely  negative,  and  a  good  deal  stronger  than  ethyl  alcohol. 
With  good  charges  of  the  jar  it  gave  a  clear  effect,  which  was 
strengthened  by  compression  parallel  to  lines  of  force,  and 
weakened  almost  to  extinction  by  tension.  There  was  always 
some  disturbance  produced,  partly  by  a  feeble  photogyric 
action  of  the  liquid,  and  partly  by  a  special  effect  of  electric 
discharge.  The  flame  was  not  simply  restored  in  the  polari- 
scope  by  discharge,  but  was  deformed  as  by  an  undulatory 
movement  in  the  liquid,  and  rendered  also  fibrous  or  thready 
in  appearance.  This  effect  was  probably  due  to  heat ;  for  it 
came  out  much  more  strongly  afterwards  with  the  RuhmkorfF's 
coil,  in  which  case  three  separate  discharges  were  sufficient 
to  mask  the  electro-optic  action  completely  by  a  permanent 
heat-effect. 

Benzyl  alcohol,  C7  H7  HO,  is  purely  negative.  Tried  in  the 
plate  cell  as  a  conductor,  it  gave  a  faint  but  good  restoration 
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with  five  turns  of  the  plate,  strong  with  ten  turns  ;  and  the 
effect  was  purely  negative. 

CinnyJ  alcohol,  Cg  Hr,  HO,  is  purely  negative.  Tried  in  the 
fusion-cell  at  a  temperature  a  little  above  its  melting-point, 
3o°  C,  it  acted  well  as  a  conductor.  With  ien  turns  of  the 
plate  it  gave  a  clear  and  pretty  strong  effect,  which  was  found 
to  be  purely  negative  by  both  tests. 

Glycol,  (C2  ^i)"  H2  O2,  is  very  feebly  and  impurely  negative. 
This  is  a  very  inconvenient  liquid  to  work  with,  viscous  and 
heterogeneous,  giving  permanent  deformations  of  the  flame, 
and  impure  initial  extinction  in  the  polariscope.  With  strong- 
est charges  of  the  jar,  it  gave  a  mere  trace  of  effect,  which 
appeared  to  be  negative.  With  the  strongest  Euhmkorff-dis- 
charges,  the  restorations  were  clearer,  and  almost  perfectly 
reo-ular,but  still  ftiint.and  obscured  bv  disturbance.  The  effect 
was  pretty  surely  negative,  strengthened  sensil)ly  by  compres- 
sion parallel  to  lines  of  force,  but  not  extinguished  by  tension. 

Glycerin^  (C3  H5)''''' H3  O3,  is  certainly,  but  feebly  and  im- 
purely, negative.  As  far  as  I  can  judge  from  my  samples, 
this  liquid  is  more  unsuitable  even  than  glycol  for  delicate 
optical  work.  With  the  Ruhmkorff 's  coil,  it  acted  better  than 
glycol,  giving  very  good  retorations,  notwithstanding  great 
disturbance  produced  b}^  the  syrupy  structure  of  the  plate. 
The  effect  was  found  to  be  certainly  negative,  though  the 
neutralizing  action  of  tension  was  not  always  seized. 

Phenol,  Ce  H5  HO,  is  purely  positive.  In  the  fusion-cell, 
at  or  above  35°  C,  it  acted  well  with  the  plate  machine  and 
without  the  jar,  but  required  several  turns  of  the  plate.  There 
was  generally  some  optical  disturbance  by  heterogeneous 
Btructure,'and  also  by  movements  in  the  liquid,  when  the  elec- 
tric force  was  intense  ;  but  the  optical  effect  Avas  regular  and 
verv  distinct,  purely  positive  by  both  tests. 

Oleic  acid,  C'lg  H34  O2,  is  purely  and  strongly  positive.  Tried 
in  the  plate  cell  as  a  non-conductor,  it  acted  more  intensely 
than  any  of  the  fatty  acids — gave  a  regular  and  pretty  strong 
effect,  which  was  strengthened  by  tension  parallel  to  lines  of 
force,  and  extinguished  perfectly  by  compression. 

Lactic  acid,  C3  Hg  O3,  is  apparently  positive.  Tried  with 
strongest  charges  of  the  jar,  and  afterwards  with  the  coil,  it 
gave  a  regular  effect,  undoubtedly  pure,  and  pretty  surely 
positive,  but  too  faint  and  abrupt  to  be  characterized  with 
perfect  certainty.  The  liquid  was  evidently  a  very  weak  in- 
sulator. 

Oxides,  (CnHjn+OzO. 

9.  The  only  two  of  these  that  have  been  examined  are  purely 
negative,  and  much  stronger  than  the  corresponding  alcohols. 
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Ethyl  oxide  (purus,  P.B.),  tried  as  a  conductor  with  machine 
and  Leyden  jar,  gave  a  good  restoration  with  eight  turns  of 
the  plate,  pretty  strong  with  ten  turns  ;  and  the  effect  was 
strengthened  by  compression  parallel  to  lines  of  force,  and 
regularly  neutralized  by  tension.  With  the  lluhmkorff 's  coil 
afterwards,  there  was  a  good  effect  obtained  even  ^vhen  the 
length  of  the  safety  spark  was  reduced  to  zero  ;  and  the  action 
of  the  compensator  was  as  clear  as  formerly,  extinction  by  the 
proper  tension  being  regularly  perfect.  This  liquid  is  there- 
fore purely  negative,  and  a  great  deal  stronger  than  ethyl 
alcohol. 

Amyl  oxide,  tested  for  insulation  in  the  plate  cell,  gave  a 
strong  spark  (|  inch)  from  the  prime  conductor.  Tried  op- 
tically as  a  nonconductor,  it  acted  like  the  best  of  the  fixed 
oils.  As  soon  as  the  machine  was  set  in  motion,  there  was  a 
strong  effect  from  extinction,  which  was  neutralized  perfectly 
by  tension  parallel  to  lines  of  force.  Among  chemically 
definite  bodies,  I  regard  this  amylic  ether  as  the  best  negative 
dielectric  yet  discovered. 

Iodides,  C„H2,j+il. 

10.  Four  of  these  were  examined  in  the  plate  cell,  first  as 
nonconductors,  but  without  effect,  then  as  conductors.  The 
regular  effects  were  disturbed  in  some  degree  by  photogyric 
action,  but  were  all  clearly  positive. 

Methyl  iodide,  without  the  jar,  gave  a  good  restoration, 
which  was  too  quick  to  be  characterized.  With  the  jar  and 
five  or  four  turns  of  the  plate,  the  effect  was  distinctly  positive, 
strengthened  by  tension  parallel  to  lines  of  force,  but  not  sen- 
sibly affected  by  compression. 

Ethyl  iodide  was  of  a  deep  red  colour,  much  darker  than  the 
methyl  compound,  but  otherwise  not  distinguishable  from  it 
in  experiment. 

Bidyl  iodide,  still  deeper  in  colour,  and  almost  opaque, 
required  the  jar  and  fifteen  or  more  turns  of  the  plate.  The 
effect  was  regularly  strengthened  by  tension  parallel  to  lines 
of  force,  but  not  sensibly  affected  by  compression. 

Amyl  iodide  was  the  strongest  of  the  four.  With  the  jar 
and  three  or  even  two  turns  of  the  plate,  it  gave  a  clear  effect, 
which  was  strengthened  by  tension  parallel  to  lines  of  force, 
and  weakened  to  extinction  by  compression. 

Bromides,  C,iH2„+iBr. 

11.  These  are  purely  positive,  the  powers  rising  as  n  increases; 
and  they  are  distinctly  stronger  than  the  corresponding  iodides. 

Ethyl  bromide,  tried  as  a  conductor  with  the  jar,  gave  a  clear 
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but  faint  restoration  with  five  turns  of  the  plate,  strong  with 
ten  turns  j  and  the  effect  was  purely  positive  by  both  tests. 

Propyl  bromide,  as  a  conductor,  but  without  the  jar,  gave  a 
good  effect  which  was  positive  by  one  test,  clearly  strengthened 
by  tension  parallel  to  lines  of  force,  but  not  sensibly  affected 
by  compression.  With  the  jar,  one  turn  of  the  plate  gave  a 
strong  effect,  which  was  purely  positive  by  both  tests. 

Isopropyl  bromide  acted  more  strongly,  giving  a  clear  effect 
as  a  nonconductor.  Tried  as  a  conductor,  with  the  jar,  it 
gave  increasingly  brilliant  I'estorations  with  two,  five,  ten, 
or  more  turns  ;  and  the  effect  from  weak  to  strongest  was 
purely  positive,  strengthened  by  tension,  and  extinguished  by 
compression. 

Butyl  bromide,  not  a  very  clean  sample,  was  hardly  so  strong 
as  the  last,  giving  a  mere  trace  of  effect  as  a  nonconductor. 
Tried  as  a  conductor,  with  the  jar,  it  gave  a  good  restoration 
with  one  turn,  strong  with  three  turns  ;  and  the  effect  was 
purely  positive  by  both  tests. 

Amyl  bromide,  tried  as  a  nonconductor,  was  quite  inactive 
at  first,  giving  no  trace  of  effect  in  the  polariscope,  no  sen- 
sible spark  from  the  prime  conductor  ;  but  when  the  machine 
had  worked  for  a  little  time,  the  optical  effect  came  out 
clearly,  and  was  found  to  be  purely  positive.  Tried  then  as 
a  conductor,  with  the  jar,  it  gave  a  splendid  restoration  with 
one  turn  of  the  plate.  When  the  jar  was  detached,  Avell 
charged,  and  again  connected  for  discharge  through  the  cell, 
the  light  flamed  up  in  the  polariscope  with  great  brilliancy, 
and  faded  away  gradually,  remaining  visible  for  sixty  or  more 
seconds.  The  increase  of  insulating  and  electro-optic  powers 
of  the  dielectric  in  the  course  of  this  experiment,  and  in  a 
few  minutes  of  time,  was  very  remarkable. 

Chlorides,  C„H2„+iCl. 

12.  These  are  purely  positive,  and  stronger  than  the  bro- 
mides ;  and  they  show  a  great  increase  of  power  as  the  expe- 
riment proceeds. 

Propyl  chloride,  tried  in  the  plate  cell  as  a  nonconductor, 
gave  at  first  no  trace  of  effect  in  the  polariscope,  no  sen- 
sible spark  from  the  prime  conductor.  Tried  then  as  a 
conductor,  it  gave  a  clear  and  strong  restoration  at  each  dis- 
charge. When  the  jar  was  added,  one,  two,  three,  or  more 
turns  gave  increasingly  brilliant  effects,  which  were  found  to 
be  purely  positive  by  both  tests.  When  the  observations  had 
been  carried  on  for  some  time,  the  liquid  was  ti'ied  again  as 
a  nonconductor.  The  prime  conductor  gave  now  a  spark 
fully  a  quarter  of  an  inch  long  ;  and  the  polariscope  gave  a 
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fine  effect,  purely  positive.  The  final  action  was  at  least  as 
strong  as  that  of  amylene.  My  sample  of  this  liquid  was  not 
very  clean  ;  and  the  initial  extinction  was  far  from  pure. 

Butyl  chloride  Avas  rather  weaker  than  the  last,  and  showed 
no  great  increase  of  power  with  time.  As  a  conductor,  with- 
out the  jar,  it  gave  a  good  restoration  which  was  too  abrupt 
to  be  characterized  ;  with  the  jar  and  four  or  five  turns  of  the 
plate,  it  gave  a  very  strong  effect,  purely  positive  by  both 
tests.  My  sample  was  not  clean ;  and  the  initial  extinction 
was  quite  impure. 

Amyl  chloride,  a  very  fine  optical  medium,  giving  perfect 
initial  extinction.  As  a  nonconductor,  it  oave  at  first  no  trace 
of  effect  in  the  polariscope,  no  spark  from  the  prime  conductor. 
Tried  then  as  a  conductor  without  the  jar,  it  gave  a  clear 
restoration,  too  abrupt  at  first  to  be  characterized  ;  but  as 
the  experiment  went  on,  the  machine  working  at  a  moderate 
rate,  and  discharges  passing  regularly  through  the  cell,  the 
restorations  in  the  polariscope  rose  very  gradually  in  intensity, 
till  at  last  the  effect  was  one  of  the  finest  that  1  had  ever  seen. 
The  liquid  being  now  tried  again  as  a  non-conductor,  the 
prime  conductor  gave  a  spark  more  than  half  an  inch  long, 
and  the  electro-optic  action  was  magnificent,  as  fine  apparently 
as  that  of  CS2.  The  effect  was  always  strengthened  by  ten- 
sion parallel  to  lines  of  force,  and  always  weakened  to  ex- 
tinction by  the  proper  compression. 

[To  be  continued.] 


XIX.  Researches  on  Chemical  Equivalence. — I.  Manganous 
and  Nichelons  Sulphates.  By  Edbiund  J.  Mills,  B.Sc, 
F.R.S.,  and  J.  H.  Bicket*. 

I^HE  following  experiments  were  conducted  with  the  view 
of  determining  on  what  terms  manganous  and  nickelous 
sulphates  might  prove  to  be  mutually  equivalent;  and  the  par- 
ticular equivalence  Ave  have  examined  has  been  equivalent 
precipitability  of  the  sulphates,  by  sodic  carbonate,  from  an 
aqueous  solution. 


I.  Preparation  of  the  Salts. 

The  pure  manganous  sulphate  Avas  prepared  from  the  ordi- 
nary commercial  dioxide.  The  oxide  Avas  dissolved  in  hydric 
chloride,  the  solution  filtered  and  evaporated  to  dryness,  the 
residue  dissolved  in  Avater,  and  excess  of  baric  carbonate  added 

*  Communicated  by  the  Authors. 
Phil.  Mag.  S.  5.  Vol.  13.  No.  80.  March  1882.  P 
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to  precipitate  tlie  iron  ;  tlie  barium  was  separated  by  hydric 
sulphate ;  and  the  manganese  was  precipitated  from  the  solu- 
tion by  means  of  sodic  carbonate.  The  manganous  carbonate 
thus  obtained  was  well  washed  with  water,  dissolved  in  hydric 
chloride,  and  baric  carbonate  again  added  in  order  to  precipi- 
tate any  remaining  traces  of  iron.  After  the  barium  had  been 
removed  with  hydric  sulphate,  the  manganese  was  again  thrown 
down  as  carbonate  with  sodic  carbonate.  The  manganous  car- 
bonate, after  being  well  washed  and  dried,  was  roasted ;  and  the 
oxide  obtained  was  washed  with  dilute  hydric  nitrate  to  remove 
any  sodic  salt.  As  the  oxide  obtained  was  very  slightly  acted 
on  by  hydric  sulphate  at  any  temperature  or  of  any  strength, 
we  could  not  obtain  the  sulphate  by  the  direct  action  of  hydric 
sulphate  on  this  oxide.  The  oxide  Avas  therefore  dissolved  in 
hydric  chloride,  the  solution  evaporated  to  dryness,  and  ignited 
with  excess  of  strong  pure  hydric  sulphate.  This  ignition  with 
hydric  sulphate  having  been  repeated,  the  salt  was  found  to  be 
free  from  all  impurities,  and  qunntitative  analysis  shoAved  it  to 
be  pure  anhydrous  manganous  sulphate. 

The  pure  nickelous  salt  was  prepared  from  a  sample  of 
nickelous  chloride  which  contained  copper,  lime,  and  iron,  but 
no  cobalt.  The  copper  present  was  precipitated  with  hydric 
sulphide ;  and  the  nickel  in  the  filtrate  was  precipitated  by 
hydric  oxalate  in  an  acid  solution.  The  nickelous  oxalate  was 
washed  thoroughly  with  dilute  hydric  nitrate,  ignited,  and  the 
oxide  so  obtained  heated  with  pure  hydric  sulphate  and  so 
converted  into  sulj^hate. 

The  sodic  carbonate  was  prepared  by  igniting  hydrosodic 
carbonate  in  a  double  platinum  crucible,  dissolving  in  water, 
and  reprecipitating  with  carbonic  dioxide,  igniting  this  as 
before,  and  repeating  the  operation.  The  final  precipitate  was 
dissolved  in  boiling  water  to  the  necessary  strength. 

II.  Method  of  separating  Nickel  from  Manganese. 

The  method  for  the  separation  of  manganese  from  nickel 
that  we  found  to  give  the  most  accurate  results  was  that  of 
Beilstein  and  Jawein*  for  ihe,  separation  of  manganese  from 
iron.  It  consists  in  evaporating  the  mixed  solutions  to  dry- 
ness, adding  strong  pure  hydric  nitrate,  heating  to  boiling, 
and  adding  potassic  chlorate  in  small  quantities  at  a  time. 
The  manganese  is  thus  precipitated  as  pure  black  oxide;  which, 
after  filtering  and  washing  free  from  the  nickel  that  is  in  solu- 
tion, is  dissolved  in  hydric  chloride,  precipitated  with  sodic 
phosphate,  and  ignited  and  weighed  as  manganous  pyrophos- 

*  Beut.  chem.  Ges.  Bei:  1879,  p.  1528. 
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phate.  The  nickel  solution  is  evaporated  to  dryness  (to  get 
rid  of  the  large  excess  of  acid),  dissolved  in  water,  and  preci- 
pitated as  sulphide  with  ammonic  sulphide.  The  sulphide  is 
then  ignited  with  excess  of  pure  hydric  sulphate  in  an  open 
porcelain  crucible,  and  weighed  as  nickelous  sulphate. 

In  experiments  that  were  tried  to  ascertain  the  accuracy  of 
this  method,  the  following  results  were  obtained : — Two  solu- 
tions, each  containing  0'2500  grm.  manganous  sulphate  and 
0*2500  grm.  nickelous  sulphate,  were  taken ;  the  manganese 
was  separated  by  the  method  given  above,  with  the  following 
results: — 

(a)  Manganous  sulphate  obtained     .     =0*2506 
Nickelous  sulphate 0*2503 

(Jj)  Manganous  sulphate  obtained      .         0*2497 
Nickelous  sulphate 0*2517 

Mean 0*2506 

Having  now  fixed  on  the  method  for  separation  that  was  to 
be  used,  we  made  up  solutions  of  the  salts  required. 

For  the  manganous  and  nickelous  sulphates,  1-per-cent. 
solutions  were  made.  The  sodic  carbonate  solution  was  of 
5*7151  per  cent,  strength.  It  was  kept  in  a  stoppered  bottle 
that  had  been  well  coated  internally  with  paraffin. 

III.  A.   Conjoint  Precipitabiliiy . 

A  series  of  nine  experiments  was  made,  in  which  the  rela- 
tive weights  of  nickelous  or  manganous  sulphate  present 
varied  from  '1  to  '9  grm., — the  total  weight  of  nickelous  and 
manganous  salt  and  the  volumes  of  the  solution  being,  how- 
ever, always  the  same,  viz.  1  grm.  and  100  cub.  centim.  The 
experiments  were  conducted  as  follows: — The  bottles  contain- 
ing .the  solutions  of  the  sulphates  and  the  sodic  carbonate  were 
immersed  in  a  tank,  through  which  there  was  a  constant  flow 
of  water  from  the  main  to  bring  them  to  a  constant  tempera- 
ture. The  necessary  quantities  of  nickelous  and  manganous 
solutions  were  then  carefully  measured  out,  mixed,  and  the 
temperature  observed.  10  cub.  centim.  of  sodic  carbonate 
solution  were  then  added,  the  mixture  stirred,  and  the  tempe- 
rature again  observed.  The  precipitate  was  then  filtered  off 
as  quickly  as  possible*  (an  aspirator  being  used  to  facilitate  the 
filtration)  and  washed,  first  with  cold  and  then  with  hot  water. 

*  Continued  experience  witli  precipitation  experiments  has  con\-inced 
us  that  our  probable  error  would  have  been  less  if  we  had  allowed  the 
precipitate  to  stand  some  time. 
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The  washing  of  the  precipitate  took  a  long  time  (  a  maximum 
of  two  davs),  especially  when  the  nickelous  salt  was  in  excess 
of  the  manganous.  After  the  precipitate  had  been  washed,  it 
was  dissolved  in  dilute  hydric  chloride,  and  the  manganese 
and  nickel  separated  and  estimated  by  the  method  given 
above. 

In  the  course  of  these  experiments  we  noticed  that,  (1)  if 
we  ke[)t  the  clear  filtrate  in  a  glass-stoppered  bottle  for  some 
time,  or  boiled  it,  a  further  precipitate  appeared;  and  (2)  that 
the  clear  filtrate  was  alkaline  to  test-paper,  turning  red  litmus 
blue. 

The  results  obtained  in  these  experiments  are  comprised  in 
the  following  table  ("temperature"  meaning  temperature  of 
the  reagents  after  mixture): — 


Table  I. 


Kickeloiis 

salt  taken. 

11. 

Manganous 

salt  taken. 

'in. 

Nickelous 
salt  preci- 
pitated. 

V. 

Manganous 
salt  preci- 
pitated. 

Temperature. 

grm. 

grm. 

gi-m. 

grm. 

o 

•1000 

•9000 

•0953 

•5850 

12-9  C. 

•2000 

•8000 

•1852 

•4616 

13-6 

•3000 

•7000 

•2799 

•3766 

12-5 

■4000 

•fiOOO 

•3588 

•2976 

130 

•5000 

•3000 

•4305 

•2450 

13-6 

•6000 

•4000 

•4788 

•1530 

12-8 

•7000 

•3000 

•4991 

•1089 

170 

•8000 

•2000 

•5584 

•0722 

170 

•9000 

•1000 

•5841 

•0363 

15^2 

III.  B.  Separate  Predpitahility. 

We  next  tried  the  following  experiments  to  determine  the 
precipitability  of  manganous  and  nickelous  sulphates  when 
separate.  Four  series  were  undertaken,  viz.  (1)  when  the 
nickelous  salt  varied  and  the  sodic  carbonate  was  constant, 
(2)    nickelous    salt    constant   and    sodic   carbonate  varying, 


(3) 


manganous 


salt 


varvmo; 


and  sodic  carbonate   constant, 


(4)  manganous  salt  constant  and  sodic  carbonate  varying. 

(1)  Nickelous  Salt  varies,  Sodic  Carbonate  constant. — The 
bottles  containing  the  solutions  were  brought  to  a  constant 
temperature  by  immersion  in  a  tank  of  running  water.  After 
the  solution  of  nickelous  sulphate  had  been  measured  out,  it 
was  made  up  to  100  cub.  cent,  with  distilled  Avater  that  had 
been  cooled  to  the  same  temperature,  and  then  10  cub.  cent, 
of  the  sodic  carbonate  solution  was  added,  the  mixture  stirred, 
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and  the  temperature  observed.  The  pi-ecipitate  was  then  fil- 
tered (with  the  help  of  an  aspirator),  and  washed  with  cold 
and  afterwards  with  hot  water  until  the  washings  showed  no 
trace  of  nickel;  the  preci])itate  was  then  dissolved  in  pure 
hydric  sulphate,  evaporated  to  dryness,  ignited,  and  weighed 
as  nickelous  sulphate.  The  results  detained  in  these  experi- 
ments are  given  in  the  following  table  : — 

Table  II. 


Sodic  carbo- 
nate taken. 

Nickelous 

salt  taken. 

.r. 

Nickelous  salt 

(obtained) 
precipitated. 

y- 

Nickelous  salt 
(calculated) 
precipitated. 

Temperature. 

grm. 
0^57151 

)1 
f  f 
ff 
J) 

grm. 
0-10.50 
0-2100 
0  5000 
0-7100 
1-0000 

grm. 
01015 
0-1912 
0-4084 
0-5103 
0-5550 

grm. 

•1192 

•2139 

•3967 

•4856 

•5745 

5°6C. 

4-8 

7-3 

4-8 

5-6 

(2)  Nickelous  Salt  constant,  Sodic  Carbonate  varies. — This 
series  was  conducted  in  the  manner  of  (1)  ;  only  there  was 
always  the  same  volume  of  nickelous  sulphate  measured  out, 
viz.  100  cub.  cent.  To  this  was  added  enough  distilled  water 
to  make,  along  with  the  volume  of  sodic  carbonate  to  be  added, 
10  cub.  cent.  The  results  thus  obtained  are  given  in  the  fol- 
lowing table: — 

Table  III. 


Sodic  carbo- 
nate taken. 
.r. 

Nickelous 
salt  taken. 

Nickelous  salt 

(obtained) 
precipitated. 

y- 

Nickelous  salt 
(calculated) 
precipitated. 

Temperature. 

1 

grm. 
0-057151 
0-114302 
0-285755 
0-571510 

grm. 

1-000 

1-000 

1-000 

1-000 

grm. 
0-0300 
0-0798 
0-2311 
0-5438 

grm. 
0-0393 
00810 
0-2242 
0-5450 

7-8  C. 
8-1 
7-9 
7-9 

(3)  Manganous  Salt  varies,  Sodic  Carbonate  constant. — The 
mauganous  sulphate  was  measured  out,  the  solution  made  up 
to  100  cub.  cent,  with  distilled  water,  and  10  cub.  cent,  of 
sodic  carbonate  solution  added  ;  the  mixture  was  then  stirred, 
and  the  precipitate  filtered  off,  washed,  and  dissolved  in  pure 
hydric  chloride.  The  manganese  was  estimated  as  pyrophos- 
phate.    The  results  were  as  follows: — 
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Table  IV. 


Sodic  carbo- 
nate taken. 

Manganous 
salt  taken. 

.T, 

Manganous 

salt 

(obtained) 

precipitated. 

y- 

Temperature. 

grm. 
0-.57151 

)) 

J) 

grm. 
0-1050 
0-2000 
0-5000 
0-7100 
1-0000 

grm. 
0-1039 
0-1969 
0-4894 
0-6748 
0-7500 

9-3  C. 

9-3 
10-1 
10-1 

9-7 

(4)  Manganous  Salt  constant,  Sodic  Carbonate  varies. — This 
series  was  conducted  like  series  (2).  The  washed  precipitate 
was  dissolved  in  hydric  chloride  and  the  manganese  estimated 
as  pyrophosphate.  The  results  are  given  in  the  following- 
table  : — 

Table  V. 


Sodic  carbo- 
nate taken, 
.r. 

Manganous 
salt  taken. 

Manganous 

salt 

(obtained) 

precipitated. 

y- 

Manganous 

salt 
(calculated) 
precipitated. 

Temperature. 

grm. 
0057151 
0-114302 
0-285755 
0-57151 

grm. 
1-0000 
1-0000 
1-0000 
1-0000 

grm. 
00400 
0-1145 
0-3558 
0-7592 

grm. 

•0577 

•1188 

-3261 

-7797 

7-6  0. 
7-6 
7-8 
9-2 

Discussion. 

Conjoint  Precipitahility. — If  n  represent  nickelous  sulphate 
taken,  and  v  the  carbonate  (calculated  to  sulphate)  obtained 
from  it  by  precipitation,  then  ^  in  the  expression  n  =  (f)v  is  the 
precipitahility.   Our  experiments  (Table  I.)  satisfy  the  equation 

^  =  98570-1- -61438?? (1) 

(which  is  deduced  from  all  of  them),  with  a  probable  error  of 
•055284  for  a  single  determination,  or  '018428  for  nine  de- 
terminations. 

Similarly,  in  the  case  of  manganous  sulphate  (Table  II.), 

<^  =  3-0881-l-7203m; (2) 

with  probable  error  amounting  to  '088893  and  -029631  respec- 
tively. In  both  cases,  therefore,  the  precipitahility  is  a  linear 
function  of  the  mass.  The  second  constants  in  equations  (1) 
and  (2)  present  an  interesting  relation,  closely  resembling  that 
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which  we  have  elsewhere*  shown  to  hold  good  for  nickelous 
with  cobaltous  sulphate.  Within  the  limits  of  error  of  expe- 
riment, the  second  constant  in  (1)  is  the  reciprocal  of  the 
second  constant  in  (2).  The  attraction  of  nickelous  sulphate 
for  the  reao;ent  is  thus  the  inverse  of  that  of  manoanous  sul- 
phate. 

In  order  to  ascertain  in  what  proportions  the  commixed  sul- 
phates are  equally  precipitable,  we  have 

•98570  + •61438w=3-0881-l-7203w, 
whence 

m=l'2221-'357Un. 

This  equation  does  not  admit  of  solution  except  on  some 
further  supposition  with  respect  to  m  or  n.  Noav  Table  I. 
shows  that  the  required  values  of  m  or  n  are  very  nearly  equal 
to  0"9,  and  consequently  that  equal  weights  of  nickelous  and 
manganous  sulphates  are  equally  precipitable.  If,  in  fiict,  in 
the  equation  just  given  we  put  n  =  0'd,  we  shall  find  the  sub- 
stantially identical  value  0*9007  for  m. 

To  calculate  in  what  proportions  the  two  sulphates  must  be 
mixed  so  that  they  may  give  equal  weights  of  precipitate,  we 
have 

n  _  (-98570  + -61438 n>  } 

;;i  ~  (3-0881 -1-7203 m>  J 

n=l — m. 

Putting     =1,  and  combining  these  equations,  we  obtain  a 

quadratic,  one  of  whose  solutions  is  »i=-6215,  and  conse- 
quently j/=-3785.  Substituting  these  values  in  the  primitive 
equations,  we  find  /u,=  -3086,  v  =  'ol07 — very  nearly  equal 
weights. 

/Sejyarate  Precipitation. — In  cases  of  precipitation  of  a  single 
salt,  if  A'  be  the  weight  of  reagent  taken,  ?/  the  weight  of  pre- 
cipitate obtained,  and  a,  /3  constants  of  condition,  some  form 
of  the  relation 

^=T^: (3) 

is  ordinarily  valid.  The  sign  of  /3  is  necessarily  positive;  but 
the  sign  of  a  depends  upon  the  order  of  constancy  in  precipi- 
tation.    The  equation  can  obviously  apply  only  as  long  as 

<f)  =  '-  is  =  or  >  1 .  There  are  very  few  instances  in  which,  as  when 

sodic  chloride  acts  on  argentic  nitrate  in  a  weak  solution,  the 

*  Proc.  Roy.  Soc.  xxix.  181, 
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value  of  a  vanislies  and  /3  represents  an  undisturbed  combining 
proportion . 

In  Table  11.  we  have  stated  the  result  of  acting  upon  a  con- 
stant quantity  of  sodic  carbonate  with  a  varied  amount  of 
nickelous  sulphate.  The  equation  employed  in  the  calculation, 
all  experiments  being  taken  into  account,  is 

_     1-2816^  ... 

^~l  +  l-2308.r •     ^  ^ 

Probable  error  of  a  single  experiment,  •014915.  AppMng 
the  criterion  as  to  ^,  we  notice  that  the  equation  cannot  actu- 
ally hold  good  until  .r  =  -2288,  though  the  difference  between 
theory  and  experiment  is  not  great  before  that  stage. 

On  the  other  hand,  when  (Table  III.)  nickelous  salt  is  kept 
constant  and  sodic  carbonate  is  the  varied  precipitant,  we  have 

_     -66641  .V  ,.. 

^~  1- -52700  .'c' ^^ 

with  a  probable  error  -0046138  for  a  single  experiment. 
Similarly,  when  carbonate  is  constant  and  manganous  salt 
varies  (Table  IV.), 

_     2-7486^  .p. 

^"1  +  2-6648.'^' ^^^ 

an  equation  which  is  not  rational  until  a- =  -6562,  and  has 
therefore  been  necessarily  calculated  fi-om  the  last  two  expe- 
riments only. 

Ao-ain,   when  manoanous  salt  is   constant   and  carbonate 
varies  (Table  V.), 

•98103  .y 

^~l--49146.i-' ^'^ 

the  probable  error  of  a  single  experiment  being  -015742. 

t^=^ 

y 

1  +  ax 


1) 

If  in  equation  (3)  we  put  ^=  -,  we  shall  find  that 

t/ 


a  relation  which,  when  we  adopt  other  constants,  may  be  ex- 
pressed as  follows : — 

(fi  =  a  +  hx. 

Hence  the  precipitability  equation  is,  as  we  have  already  seen, 
a  linear  one. 

The  equation  to  j>,  as  thus  deduced  from  the  separate  preci- 
pitation experiments  [<^s],  diifers  in  its  constants  from  that  to 
which  the  "  conjoint  ^^  experiments  [^J  have  led  us.     The 
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two  equations  are  apparently  related  thus 

(f}f,^=a  +  b.v, 

fP=(a+2y)  +  (b-p)x, 
where  p  is  some  constant  to  be  deduced  from  the  determina- 
tions. "We  find,  in  the  case  of  manganous  sulphate,  that  these 
relations  do  in  fact  hold  accurately  ;  but  the  results  with 
nickelous  sulphate  are  not  in  definite  accordance  with  them. 
We  trust  on  some  future  occasion  to  resume  the  consideration 
of  this  subject,  which  is  of  primary  importance  in  the  theory 
of  precipitation. 

The  equations  of  separate  precipitability  (as  deduced  from 
the  separate  precipitation  experiments)  are 

<^^= -36383  + -96951  m,      ....     (8) 

(^,,  =  •78027  + -95815  « (9) 

Here  there  is  no  reciprocal  relation  between  the  second  con- 
stants, which  are  indeed  identical  within  the  limits  of  experi- 
mental error.  We  infer  from  these  numbers  that  manganous 
and  nickelous  sulphates,  when  separate,  are  equally  precipi- 
table. 

The  followino-  are  the  chief  conclusions  which  we  have 
drawn  from  our  work. 

1.  Precipitability  is  a  linear  function  of  mass. 

2.  When  commixed  manganous  and  nickelous  sulphates  are 
precipitated  by  sodic  carbonate,  equal  weights  of  them  are 
equally  precipitable,  the  attraction  of  one  of  them  for  the 
reao-ent  beino-  the  inverse  of  that  of  the  other. 

3.  When  the  above  sulphates  are  separately  precipitated  by 
the  same  reagent,  they  are  equally  precipitable,  and  do  not 
exhibit  the  inverse  function. 

4.  There  is  some  evidence  that  the  precipitabilities  of  the 
commixed  and  separate  sulphates  are  mathematically  related 
in  a  simple  manner. 

5.  Within  moderate  limits,  precipitation  is  not  traceably 
affected  by  temperature. 

XX.  Researches  on  Chemical  Equivalence. — 11.  Nickelous  and 
Caclmic  Sulphates.  By  Edmund  J.  Mills,  D.Sc,  F.R.S., 
and  Berteam  Hunt*. 

WE  propose  to  consider  a  case  in  which  a  metallic  sul- 
phate belonging  to  some  other  group  is  compared 
with  nickelous  sulphate  (the  previously  employed  standard), 
sodic  carbonate  being  the  precipitant.  For  this  purpose  we 
have  selected  cadmic  sulphate — partly  because  it  admittedly 

*  Communicated  by  the  Authors. 
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fulfils  the  required  condition,  and  partly  because  it  neverthe- 
less has  some  strong  analogies  -with  the  nickel  group. 

I.  Preparation  of  the  Salts. 

Pure  cadmic  sulphate  was  prepared  from  an  excellent  com- 
mercial sample,  the  only  impurity  in  which  was  a  small  quan- 
tity of  zinc  sulphate.  From  an  acidified  aqueous  solution 
of  the  sample,  cadmic  sulphide  was  thrown  down  by  hydric 
sulphide.  The  washed  sulphide  was  then  dissolved  in  pure 
hydric  sulphate,  and  rendered  neutral  by  careful  ignition. 

1-per-cent.  solutions  of  each  of  these  salts  were  accurately 
prepared.  The  sodic  carbonate  solution  Avas  prepared  and 
treated  as  in  Part  I.* 

II.  Sejjaration  of  Nichel  from  Cadmium. 

From  a  solution  of  the  mixed  chlorides,  cadmic  sulphide  was 
precipitated  as  sulphide  ;  this  was  washed,  dissolved  in  strong 
hydric  chloride,  evaporated  with  hydric  sulphate,  ignited  and 
weighed  as  sulphate.  The  filtrate  and  washings  were  also 
evaporated  with  hydric  sulphate  ;  the  ignited  residue  was 
weighed  as  nickelous  sulphate. 

III.  Precipitahility  Experiments. 

The  solution  of  pure  sodic  carbonate  was  of  such  a  strength 
that  1  cub.  cent,  of  it  exactly  corresponded  (Nag  O3  :  CdS04) 
to  1  cub.  cent,  of  the  cadmic  solution.  The  usual  series  of  nine 
experiments  was  made,  under  the  same  general  conditions  as  in 
Part  I. — the  constant  weight  of  mixed  metallic  sulphates  being 
1  grm.,  and  volume  of  their  solution  100  cub.  cent.,  the  constant 
volume  of  carbonate  solution  being  100  cub.  cent.  The  preci- 
pitates were  in  all  cases  allowed  one  hour's  repose  ;  they  were 
then  filtered  as  rajjidly  as  possible  with  the  aid  of  an  aspirator, 
and  washed  with  cold  water.  The  results  are  given  in  the 
following  table,  the  precipitate  being  returned  as  sulphate: — 


Nickelous 

Cadmic 

Nickelous 

Cadmic 

1 

sulphate 
taken. 

suljjhate 
takeu. 

sulphate 
precipitated. 

sulphate 
precipitated. 

Temperature. 

n. 

(1. 

V. 

L, 

•9 

•1 

•5705 

•0810 

0 
7-0  C. 

•8 

•2 

•5351 

•1823 

70 

•7 

•3 

•4477 

•27G3 

10-4 

•G 

•4 

•3875 

•3546 

120 

•5 

•f) 

•3295 

•4807 

9-G 

'4 

•6 

•2563 

•5937 

100 

•3 

•7 

•1876 

•6990 

10-5 

•2 

•8 

•1358 

•8010 

10-7 

•1 

•9 

•0692 

•9037 

11-3 

For  Part  I.  see  nnti,  p.  169. 
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IV.  Discussion. 
The  precipitability  of  nickelous  sulphate  being,  asheretofore, 

represented  by  (f>=  -,  we  find  our  experiments  in  accordance 

with  the  equation 

</)=  1-53106 (1) 

Probable  error  of  a  sinole  experiment,  '034 .S02;  of  nine  expe- 
riments, •Oil()01. 

In  a  similar  manner,  the  precipitability  of  cadmic  sulphate, 

^=       proves  to  be 

(/)  =  l-19462--25763f/ (2) 

Probable  error  of  a  single  experiment,  •025793;  of  nine  expe- 
riments, -008598. 

In  order  to  ascertain  under  what  conditions  the  two  sul- 
phates are  equally  precipitable,  we  must  have 

l-19462--257G3f^=l-5310G, 

which  leads  to  —1-3059  as  the  value  off/.  To  this  negative 
result  no  chemical  interpretation  can  be  assigned.  We  con- 
sequently infer  that,  in  these  experiments,  nickelous  and  cadmic 
srdphates  are  not  comparcdjle  in  point  of  precipitability. 

To  calculate  in  what  proportions  the  sulphates  should  be 
mixed  in  order  to  yield  equal  weights  of  precipitate,  we  must 
solve  the  quadratic 

n  1-53106  V 


d      (1-19462--25763 

71  =  1  —  8- 
V 


3)8' I 


[The  condition  gives  ?  =  l]-   The  deduced  values  are  f?=  -4153 

and  ?i  =  -5847.  Inserting  these  quantities  in  the  primitive 
equations,  we  obtain  v  =  8=-3819,  a  result  evidently  in  ac- 
cordance with  experiment. 

Our  present  inference  with  regard  to  the  precipitability  of 
nickelous-cadmic  salt  will  lead  (if  confirmed  by  the  action  of 
reagents  other  than  sodic  carbonate)  to  the  following  important 
criterion: — Two  elements  belong  to  the  same  group  ichen,  in 
saline  solutions  of  identical  genus,  the^/  may  he  equally  p)reci- 
pitable. 
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XXI.  Chemical  Symmetry,  or  the  Influence  of  Atomic  Arrange- 
ment on  the  Physical  Properties  of  Compounds.  By  Thomas 
Caenelley,  jD.Sc,  Professor  of  Chemistry  in  Firth  College, 

Sheffield. 

[Concluded  from  p.  130.] 

II.  Influence  of  Atomic  Arrangement  on  the  Solubility. 

"TTTE  have  seen  that  those  compounds  whose  atoms  are 
W  symmetrically  arranged  melt  higher  than  those  in 
which  the  arrangement  is  asymmetrical.  Xow  let  us  see  if 
there  are  not  other  physical  properties  Avhich  vary  in  this 
respect  in  the  same  way  as  the  melting-point. 

All  bodies  are  acted  on  by  at  least  two  forces;  one  of  which 
is  the  attraction  between  the  molecules,  and  the  other  (viz. 
heat)  tends  to  drive  them  apart.  When  the  first  force  is  in 
excess  of  the  second,  the  body  is  solid ;  when  the  second  is  in 
excess,  the  body  is  a  gas  ;  when  the  two  are  about  equally 
balanced,  the  body  is  liquid.  Therefore  the  greater  the  attrac- 
tion between  the  molecules  the  greater  the  temperature  re- 
quired to  melt  the  body,  and  consequently  the  higher  the 
melting-point.  Having  come  to  this  conclusion,  let  us  see  if 
there  are  not  other  physical  properties  which  depend  on  the 
attraction  between  the  molecules,  and  which  hence  ought  to 
be  affected  by  symmetry  of  arrangement  of  the  atoms  in  the 
molecule  in  the  same  way  as  the  melting-point. 

The  first  of  such  properties  which  suggests  itself  is  solubility. 
In  order  that  a  solid  may  dissolve  in  any  liquid,  it  is  necessary 
that  its  molecules  should  undergo  a  sort  of  unloosening  process; 
and  we  should  therefore  conclude  that,  of  two  isomeric  com- 
pounds, that  would  dissolve  the  most  easily  in  which  the 
atttraction  between  the  molecules  was  the  least,  and  which 
Avould  therefore,  as  shown  above,  have  the  lowest  melting- 
point.  This  argument  shows,  then,  that  of  two  isomeric 
bodies  that  dissoh-es  the  most  easily  tohich  has  the  loioei'  melting- 
jjoint,  and  in  tvhich  therefore  the  atomic  arrangement  is  less 
symmetrical. 

Let  us  now  apply  this  rule  in  a  few  cases,  and  see  whether 
symmetrical  conq^ounds  are  less  soluble  than  their  asymme- 
trical isomers.  The  following  instances  were  taken  quite  pro- 
miscuously from  Watts's  '  Dictionary,'  and  are  all  that  were 
tried,  whether  agreeing  or  not  with  the  rule.  The  numbers 
in  the  third  column  represent  the  order  of  solubility;  whilst 
the  melting-point  is  taken  as  a  measure  of  the  symmetry: — 
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Melting- 
point. 


Order  of 
solubility. 


Remarks. 


Diphenjl  ben-  "1 
zene,  CgH^Ph^  J 


(1.2  or  1.3)         85 
(1.4)i      205 


1 
o 


'} 


In  alcohol,  ether,  CS^ 


or  CgHg. 


Phthalic    acid,  1 
CeH.CCOOH),; 


1.2  175 

1.3  «300 
1.1   does  not 

I     melt. 


In  alcohol  or  water. 


.  .,    ,  ,  r  1.3        89  1        '1 

iinitrobenzene,  I  J  i  o        ii«  o  L 

CoH.(^m     1 \\l\      t^I  3(?)ij 


In  alcoliol,  benzene, 
or  chloroform. 


Die hlor benzoic  acid, 
CeHa.CL.COOH 


or 


1.3.4 
1.2.3  ] 
1.2.5,1 
1.2.4 


126 

156 
201 


Chlorbenzoic  acid. 
CeH^.Cl.COOH 


}-li! 


137 
152 
234 


1 
2 

3 


~\   The  melting-points 
I  are  for  the  free  acids, 
the  solubilities  for  the 
barium  salts  in  water. 


1 
9 


In  water. 


Brombenzoic  acid, 
C6H,.Br.C00H 


} 


1.2 
1.3 
1.4 


147 
155 
250 


I  \  In  water. 


Nitrobenzoic  acid,  \ 
C6H,.N0,.C00H/ 


143* 

142 

240 


Nitrobrombenzoic  acid,  J  1.2.5 
CeH3.N0,.Br.C00H  \  1.2.3 


140 
250 


1 
2 
3 


In  water. 


Amidobenzoic  acid, 
C,H^.KH_,.COOH 


1.2 
1.3 
1.4 


144 
173 
186 


In  water. 


1 
o 


In  water. 


*Oxybenzoicacid,  "i 
C6H,.0H.C00HJ    •• 


156 
200 
210 


2 
? 

i 


In  water. 


Methoxybenzoic  acid,      J 
CgH^.OCHa.COOH       I 


1.2 
1.3 
1.4 


#Oxy brombenzoic  acid,  J  1.2.5 
CX-l^i'-OIICOOH  1 1.2.3 


99 
106 
175 

l(i4 
210 


1 

1 
3 


In  water. 


}- 


water. 


Pyridine  monocarboxylic 
acids : — 

Picolinic  acid 

Nicotinic  acid 


135 

228 


}.n 


water. 


Pyridine  dicarboxylic 
acids  


In  water. 
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Table  (continued). 


Melting- 
point, 

Order  of 

solubility. 

Remarks. 

Amide. 


tTolueue  sulphonic 
acids,  CeH4.CH3.SO3H 


1 
2 
3 


|Ba  salt. 

!    1 

I  1 


Pb  salt. 


3   I    ^ 


Isostilbene,  CH.j  =  C(C«Hs).,  ..    Liquid. 
Stilbeue,C8H5.CH=CH.C6H5      120 


Ditolyl,  r  1.2;  1.4   Liquid. 

CHg.CeH^.CgH^.CHg  1 1.4;  1.4      121 


r(^_^_)         75 

Dinaphthyl  <  {a.— a  —  )       154 

[(/3-)S-)       187 


Plienanthrene 
Anthi'acene    . . 


100 
213 


1 
2 


In  alcohol. 


1 

2 

Li  alcohol. 

1 

1 
2 

I  In  alcohol. 

1 
2 
3 

■  In  alcohol. 

J 

Dinitrophenyl   ...  |iJpi4       013 


1 
9 


In  alcohol. 


III.  Influence  of  Atomic  arrangement  on  the  Heats  of 
Formation  and  Combustion. 

We  may  compare  the  union  of  two  or  more  atoms  in  the 
formation  of  a  compound  to  the  falhng  of  a  stone  to  the  earth. 
The  further  the  stone  falls,  the  greater  the  amount  of  heat 
evolved  on  its  being  suddenly  stopped;  and  the  nearer  the 
stone  gets  to  the  centre  of  the  earth,  the  greater  the  attraction 
between  the  stone  and  the  earth,  and  therefore  the  greater  the 
force  required  to  raise  the  stone — i.  e.  to  separate  it  from  the 
earth.  In  an  analogous  manner,  the  greater  the  heat  produced 
in  the  formation  of  a  compound  from  its  elements,  the  greater 
its  stability,  and  the  greater  therefore  the  force  required  to 
separate  the  atoms. 

Again,  if  a  stone  falls  halfway  towards  the  earth's  centre 
and  afterwards  falls  the  remaining  half,  then  the  heat  given 
out  at  the  second  half  of  its  journey  would  lie  less  than  in  the 

t  The  solubilities  of  the  amides,  Ba  salts,  and  Pb  salts  of  tlie  three 
toluene-sulphonic  acids  obey  the  rule  as  regards  the  melting-point  of  the 
amides,  the  1.4  amide,  however,  melts  lower  than  the  1.2,  It  therefore 
seems  probable  that  the  orientation  of  the  toluene  sulphonic  acids  is 
incorrect. 
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second  part  of  the  journey  of  a  stone  wbicli  had  first  fallen 
only  one  quarter  of  the  way  towards  the  earth  and  afterwards 
fell  the  remaining  three  quarters.  For  a  stone  falling  from  a 
given  height  to  the  centre  of  the  earth  can  only  produce  one 
given  quantity  of  heat ;  and  if  it  divides  its  ftill  into  two  parts, 
then  the  greater  the  amount  of  heat  produced  at  the  end  of  the 
first  portion  of  its  fall  the  less  will  be  the  amount  produced  in 
the  second  part  of  the  fall. 

And  so  it  is  in  the  formation  of  chemical  compounds.  Sup- 
pose we  have  a  compound  of  carbon  and  hydrogen ;  this,  on 
complete  combustion,  gives  out  a  fixed  and  definite  quantity  of 
heat,  say  ox.  If  now,  instead  of  being  completely  burnt  to  car- 
bonic acid  and  water,  the  process  stops  at  an  intervening 
point  with  the  formation  of  two  isomeric  compounds  A  and  B, 
and  if  x  units  have  been  evolved  in  the  formation  of  A  and 
'2x  units  in  the  formation  of  B,  then  the  heat  evolved  by  the 
further  complete  combustion  of  A  and  B  will  be  "ix  and  x 
respectively;  i.  e.  of  two  isomeric  compounds,  the  one  which 
has  the  ffroatest  heat  of  formation  will  have  the  least  heat  of 
combustion,  and  vice  versa.  We  have  also  seen,  that  the  greater 
the  heat  evolved  in  the  formation  of  a  compound  from  its  ele- 
ments the  greater  is  the  attraction  between  its  atoms,  and 
therefore  the  higher  the  melting-point.  So  that,  of  two  iso- 
meric compounds,  that  which  has  the  highest  melting-point 
will  also  have  the  greatest  heat  of  formation  and  least  heat  of 
combustion. 

Now  though  isomeric  compounds,  as  a  rule,  have  nearly  the 
same  heat  of  formation,  and  therefore  of  combustion,  yet  they 
are  not  exactly  the  sam.'  in  this  respect.  This  being  so,  what 
is  it  that  causes  the  difference,  small  though  it  may  be  ?  The 
cause  can  be  nothing  but  the  difference  in  the  arrangement 

.  -I  . 

of  the  atoms  in  the  two  compounds.  And  from  a  comparison 
of  all  available  data,  which  in  this  respect  are  very  meagre, 
I  venture  to  conclude 

(1)  That  the  stability,  and  therefore  the  heat  of  formation,  of 
tiymmetrical  compounds  {cind  therefore  those  with  highest  melting^ 
points^  is  greater  than  that  of  asymmetrical  compounds  isomeric 
with  them. 

If  this  be  true,  it  will  follow 

(2)  That  the  heats  of  comhustion  of  the  former  compounds 
are  less  than  those  of  tlie  latter. 

The  following  table  contains  all  the  examples  to  which  the 
above  hypothesis  can  at  present  be  applied: — 
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FormiJa. 

Melting- 
point. 

Heat  of 
forma- 
tion. 

Heat  of 
combus- 
tion. 

Salicylic  acid (1.2) 

Metoxybeuzoic  acid    (1.3) 
Paraoxybeuzoic  acid  (1.4) 

OH 

155 

200 
210 

106 

111 
115 

769 

754 

750 

/                \C00H 

OH 

/               \cOOH 

oh/^           \cooh 

— ' 

Tsopropvlenic  glycol    

Methylal'' I. 

ch3.ch(0h\ch,.0h           ? 
cHj.o.ch.o.ch;                ? 
oh.ch2.ch,.ch:.oh             ? 

436 

434 
431 

Normal  propylenic  glycol .. 

AUyl  alcohol     

CH, :  CH.CH,.0H                     ? 

? 

69« 
65 

443 

426 
424 

Propyl  aldehyde  

CH3.CH,.C0H 
CH3.C0:CH3 

? 
? 

Acetone 

■ 

Manuite    

CH2(0H).(CH.0H)4.CH.,(0H)         166 

287 
294 

760 
753 

Dulcite 

? 

185 

Methyl  formate    

H.COOCH3 

Liauid. 

252 
210 

Acetic  acid    

CH3.CO.OH                        17 

■^                               I 

Ethyl  acetate    

CH3.CO.OCH2.CH3 
g^3\CH    COOH 

Liquid. 
0 

554 
497 

Butyric  acid 

*Methyl  acetate 

CH3.CO.OCH3                  '     

H.C00CH,.CH3 

395 

391 

*Ethyl  formate  

Methyl  valerate    

ch3.ch,.ch..ch,.c00ch3    ;   

ch3.ch',.ch;cooch2.ch3 

856 
823 

Ethyl  butyrate 

Amyl  acetate     CH3.COOCH,.CH„.CH,.CH.,.CH3  1     

Ethyl  valerate  CH3.CH,.CH;.CH;C00.CH,.CH^      

1036 
1019 

Normal  propyl  alcohol    ... 
Isopropyl  alcohol 

CH...CH2.CH,.0H 
CH3.CH(OH)":CH3 

1 

480 

478 

^g3\oH.CH,.CH,.OH 
gg3\c(0H).CH,.CH3 

Liquid. 
12 



794 

788 

Dimethylethyl  carbinol   ... 

Ethvlvinvl  carbinol 

CH;,.CH,.CH(OH).CH  =  CH, 

^5'^CH-CH.,-C0H 
LJI3X 

i     753 

Vuleraldehyde  

742 
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These  relations  as  regards  the  heats  of  formation  and 
combustion  of  isomeric  compounds  are  thrown  out  merely  as 
suggestions;  for  the  data  are  so  extremely  few  in  number  that 
I  should  not  be  justified  in  doing  more. 

I  may  here  mention  that  Julius  Thomsen  has  shown  that 
the  determination  of  the  heat  of  combustion  will  in  many 
cases  enable  us  to  say  whether  two  or  more  carbon  atoms  are 
united  by  single,  double,  or  more  linkings.  Thus,  he  has 
shown  that  ethane  is  CH3 — CH3,  and  propane  CH3.CH2.CH3, 
/.  e.  that  their  carbon  atoms  are  united  by  single  links  only  ; 
whilst  in  ethylene  and  propylene  two  carbon  atoms  are  con- 
nected by  double  linkings,  thus,  CH2=CH2,  and  CH2= 
CH .  CH3 ;  whereas  in  acetylene  the  two  carbon  atoms  are 
bound  by  treble  linkings,  CH^CH.  Thomsen  also  concluded, 
from  the  heat  of  combustion,  that  the  six  carbon  atoms  in  ben- 
zene are  not  bound  by  three  double  and  three  single  linkings, 
thus, 

I 

C 
^  \ 

-c     c- 

I      II 
-c     c- 

V 

I 

but  by  nine  single  linkings,  thus: — 

CH 

-HC       CH- 

i         I 
-HC       CH- 

CH 

I 

Bruhl,  however,  as  we  shall  see  presently,  concludes  from  the 
specific  refraction  of  benzene  that  the  old  view  is  the  correct 
one. 

IV.  Influence  of  Atomic  Arrangement  on  Optical 

Rotation. 

According  to  Pasteur  (Researches,  p.  27),  molecules  are 
divisible  into  two  classes: — (1)  those  in  Avhich  the  atoms  are 
symmetrically  arranged,  (2)  those  in  which  the  arrangement 
is  asymmetrical.  The  property  of  optical  activity  belongs  to 
the  latter  class  only;  and  Le  Bel  has  proposed  the  hypothesis 
that  when  a  carbon  atom  is  united  directly  with  four  different 
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elements  or  radicals,  an  asymmetrical  form  of  molecule  is  pro- 
duced, which  must  therefore  be  optically  active.  This  view  is 
supported  by  Van  t'Hoft'  {Bull.  Sac.  Chhn.  [2]  xxiii.  p.  295), 
who  finds,  from  the  comparison  of  the  chemical  composition 
of  all  known  active  and  many  inactive  bodies: — (1)  That  every 
organic  combination  luldch  rotates  the  p/o??^^  of  polarized  light 
contains  an  atom  of  asymmetrical  carbon.  The  converse  of  this 
law,  however,  does  not  hold  good.  This  may  be  attributed 
either  to  the  presence  of  two  isomerides  of  opposite  rotatory 
power,  or  to  the  fact  that  asymmetrical  carbon  is  not  of  itself 
sufficient  to  produce  optical  activity,  which  may  also  depend 
on  the  nature,  as  Avell  as  on  the  mutual  diversity,  of  the  atoms 
attached  to  the  asymmetrical  carbon  atom.  The  follow- 
ing compounds  are  all  optically  active,  and  all  contain  an 
asymmetrical  carbon  atom,  which  for  distinction  is  printed  in 
black  type: — 

Lactic  acid    CH3.CH(0H).C00H.' 

Malic  acid C00H.CH2.CH(0H).C00H. 

Malamide (CONH2).CH2.CH(OH).COOH. 

Aspartic  acid    C00H.CHo.CH(NH2).C00H. 

Asparagine  (C0XHo).CHo.CH(XH2).C00H. 

Tartaric  acid COOH.CH(OH).CH(OH).COOH. 

Tartaramide (COKH2).CH(OH).CH(OH).(COXH2). 

Secondary  butyl  carbinol...CH3.CHo.CH(CH3).CH2(OH). 
Methyletiiylacetic  acid     ...CH3.CH2.CH(CH3).COOH. 

Hydroxyglutanic  acid C00H.CH2.CHo.CH(0H).C00H. 

Glutamic  acid  COOH.CH2.CH2.CH(KH2).COOH. 

Secondary  butyl  acetic  acid.CH3.CH2.CH(CH3).CH2.COOH. 

Mannitof '.. CH2(OH).(CH.OH),.CH2(OH). 

Glucose.., CH2(0H).(CH.0H),.C0H. 

Saccharic  acid C00H.(CH.0H)4.C00H. 

Phenylhydroxyaceticacid..C6H5.CH(OH).COOH. 

(2)  Denvatives  of  ojytically  active  combinations  lose  their  rota- 
tory i^oiver  when  the  asymmetry  of  their  carbon  atoms  disappears. 
When  the  contrary  hcqipens  they  do  not  generally  lose  it. 

These  facts  will  in  the  future,  no  doubt,  render  great  service 
in  determining  the  constitution  of  optically  active  chemical 
compounds. 
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V.  Influence  of  Atomic  Arkangement  on  Moleculae 

Refraction. 

The  molecular  refraction  of  an  element  = — j —  x  M;  where 

A  =  the  index  of  refraction,  (/  =  specific  gravity,  and  M  = 
molecular  Aveight. 

Now  Bruhl  has  recently  shown,  in  a  most  important  series 
of  papers,  that  the  molecular  refraction  of  a  compound  con- 
taining polyatomic  atoms  is  dependent  on  the  manner  in  which 
these  atoms  are  combined  in  the  compound,  whilst  that  of 
monatomic  elements  is  quite  independent  of  this. 

The  atom  of  a  given  element  has  a  definite  refractive  equi- 
valent, which  it  retains  in  all  those  compounds  in  v/hich  there 
are  no  double  linkings  ;  so  that  the  refraction-equivalent  of 
such  a  compound  is  equal  to  the  sum  of  the  refraction-equiva- 
lents of  its  constituent  atoms  ;  consequently,  if  we  know  the 
refraction-equivalents  of  each  of  the  constituent  atoms,  we  can 
readily  calculate  that  of  the  compound.  Thus,  the  refraction- 
equivalents  of  the  following  elements  are: — 

H  =  l-29;    0  =  2-71;     C  =  4-86; 

and  therefore  the  refraction-e<[uivalent  of  alcohol,  CH3.CH2.OH, 
which  contains  only  single  linkings,  is 

(2  X  4-8G)  +  (6  X  1-29)  +  2-7 1  =20*17. 

But  we  find  that,  in  the  case  of  those  compounds  containing 
dou1)le  linkings  l)ctween  carbon  atoms,  the  observed  refrac- 
tion-equivalent is  always  in  excess  of  the  calculated  quantity, 
as  shown  in  the  table,  p.  188. 

Here  we  see  that,  for  every  double  linking  of  carbon  atoms, 
the  refraction-equivalent  is  raised  by  two  units. 

Bruhl  has  also  shown  that  a  similar  thing  holds  good  in  the 
case  of  other  polyatomic  elements  besides  carbon.  Thus, 
oxygen,  when  combined  with  carbon  by  a  double  linking,  as 
in  acetic  acid,  CH3 .  C — OH,  has  a  higher  refraction-equiva- 

II 
0 

lent  (3-29)  than  when  combined  with  only  a  single  link,  as  in 
alcohol,  CH3 .  CH2 .  OH,  viz.  2-71. 

Monatomic  elements,  on-  the  other  hand,  possess  refractive 
equivalents  which  are  constant  in  all  their  compounds.  The 
above  will  show  at  once  what  an  important  influence  the 
double  or  single  linking  of  atoms  has  on  the  refractive  equiva- 

Q2 
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Molecular 

Structure. 

For- 
mula. ■ 

refraction- 
equivalent,     j 

Differ- 
ence. 

No.  of  double 
linkings  X  2 
=  difference. 

Found. 

Calcu- 
lated. : 

Propyl  alcoliol . 

CH3.CH,.CH,.0H 

C3H8O   28-00 

27-61 

0-39 

'No  double 
linkings. 

Amylene    

CH3.CH,.CH,.CH=CH, 

CjHio    39-29 

37-20 

209 

=1X2=2 

DiaUvl    

CH, = CH.CH,.CH,.CH = CH, 

OeH^o' 

45-99 

4206 

3-93 

=2X2=4 

Valerylene 

CH,=CH.CH,.CH=CH, 
.               HC— CH                ^ 

\              HC        CH 
I               CH=CH 

C5H, 

1 

38-65 

34-62 , 

4-03 

=2X2=4 

"Benzene 

C?6^6 

42-16 

36-90 

5-26 

=3X2=6 

,               HC-CH               . 
-j             HC          C— CH3 
I                CH=CH 

Toluene 

C.H, 

5006 

44-34 

5-72 

=3X2=6 

CH3                           ^ 

(               <                           ' 

C-C 

/-        % 

Mesitylene 

.i                 C         C-CH3        t 

\    / 

C=CH3 

*^         chI                    ^ 

CgHj, 

1 
1 

65-22 

59-22 

'  6-00 

1 

=3x2=6 

lents  of  compounds,  and  also  what  great  service  the  knowledge 
of  refraction-equivalents  is  capable  of  rendering  in  the  deter- 
mination of  the  constitution  of  compounds. 

VI.  Influence  of  Atomic  Arrangement  on 

Fluorescence. 

Till  within  a  few  years  ago,  the  number  of  bodies  known 
which  possessed  fluorescing  properties  was  very  small.  And 
it  is  only  with  the  advance  of  the  manufacture  of  coal-tar 
colours,  and  the  investigations  to  which  this  advance  has  given 
rise,  that  a  large  number  of  fluorescing  compounds  has  become 
known  to  us  ;  so  that  the  phenomenon  of  fluorescence  has 
nowadays  ceased  to  be  a  rarity.  Up  to  the  present,  however, 
but  little  has  been  done  in  tracing  any  connexion  between  this 
property  and  the  chemical  constitution  of  the  bodies  exhibiting 
it.  There  can  nevertheless  be  no  doubt  that  it  is  dependent 
on  a  certain  grouping  of  atoms — -just  as  the  tinctorial  proper- 
ties are  dependent  on  special  atomic  groupings,  as  pointed  out 
by  0.  X.  Witt,  to  which  I  shall  shortly  refer. 

Quite  recently,  Liebermann  {Btr.  xiii.  p.  I'lo)  has  made 
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an  attempt  to  refer  the  fluorescent  phenomena  of  the  anthra- 
cene series  to  the  chemical  constitution  of  the  members  of  this 
series.  According  to  him,  iho-^^e  (leriratiir.t  fluoresce  in  ichich 
the  two  carhon  (/roups  Innding  together  the  tico  benzene  rings 

possess  the  const  lint  ion  Cn  H.     i        Co  H4  (where  M  =  a  mon- 

atomic  element  or  group);  whilst  those  derivatives  which  contain 

the  doidile  ketone  group  Ce  H^^   ^Cc  H4,  or  the  groiip  corre- 

sponding  to  H  inpheni/ianthracene,\j^i±^(^iQQ____ 3^6x14, 

do  not  fluoresce.  This  I'ule  he  finds  to  hold  good  in  the  case 
of  all  the  60  to  70  compounds  to  which  it  can  at  present  be 
applied  ;  thus: — 

Fluorescent . 

Anthracene   C6H4^I     NC6H4. 

CH 

Dichloranthracene    CeHsCl/^-^NCeHgCl. 

CH 

Trichloranthracene   ^i\  I     /X*. 

CH 
Dibromanthracene   „ 

Tetrachloranthracene   ,, 

Anthracene  sulphonic  acid  ...  C6H4/1     "^CeHa.SOsH. 

CH^ 

/CFTx 
a-anthracene  disulphonic  acid  Xj.  1      ^X*. 

/3-anthracene  disulphonic  acid  „ 

&c.  &c. 

N^on-fluoreseent . 

CO 
Anthraquinone    C6H4^qq^C6H4. 

CO 
Anthraquinone  sulphonic  acid    ...  CeH4<^pQ\CoH3.S03H. 

CO 
Oxyanthraquinone C6H4^qq\C6H3.0H. 

Alizarine C6H3.0H<QQ>CeH3.0H. 

&c. 
*  Constitution  of  X  and  Xj  unknown. 
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The  strength  of  the  fluorescence  is  very  different  for  different 
members  of  the  fluorescing  series.  Thus,  /3-anthracene  disul- 
phonic  acid  is  strongly  fl.uoresceut^  -whilst  the  «-acid  is  but 
slightly  so. 


YII.  Influence  of  Atomic  Aekangement  on  the 
Tinctorial  Properties. 

The  influence  of  chemical  constitution  on  the  tinctorial  pro- 
perties of  compounds  has  been  studied  more  especially  by  Otto 
Witt  (^Ber.  ix.  p.  522),  whose  more  important  conclusions 
may  be  briefly  stated  as  follows  : — 

Since  benzene  is  not  a  dye-stuff",  it  follows  that  colouring- 
properties  are  conditioned  by  the  side  chains.  Of  the  three 
side  chains,  KO2,  NH2,  OH,  not  one  of  them  alone  is  capable 
of  producing  a  compound  possessing  tinctorial  properties ;  for 
CeHg.NOs,  CeHs.NHs,  CeHg.OH  are  all  colourless  bodies. 
It  is  jjossible,  however,  that  certain  combinations  of  two  or 
more  of  these  groups  will  produce  the  necessary  result ;  thus, 
of  the  six  possible  compounds, 


NO., 


2s^0, 


NO., 


/ 


NO., 


NH., 


OH 


i\H., 


OH 


OH 


only  2  and  3  are  dye-stufls.  "We  therefore  see  that  the  combi- 
nation of  the  nitro-group  with  the  amido-,  or  hydroxyl  groups, 
produces  a  colouring  compound ;  or,  in  other  words,  the  pre- 
sence of  a  NO2  and  a  salt-forming  group  conditions  the  dyeing 
properties.  The  nitro-derivatives  of  benzene  are  to  a  certain 
extent  coloured  ;  but  it  is  only  on  the  introduction  of  a  salt- 
forming  radical  that  we  get  a  true  dye-stuff.  That  to  obtain  a 
dye-stuff  the  presence  of  a  NO2  group  and  a  salt-forming 
radical  is  }iccessary,  is  shown  by  the  fact  that  if  we  destroy 
the  basicity  of  an  amido-group  by  the  introduction  of  an  acetyl 
group,  or  if  we  destroy  the  acidity  of  a  hydroxyl  group  by 
introducing  a  methyl  group,  the  compound  entirely  loses  its 
colouring-properties,  though  by  these  changes  no  alteration 
has  been  produced  in  the  general  constitution  of  the  com- 
pound.    Thus 
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NO., 


NO., 


Dye-stuff. 


Nian^o), 

Colourless, 


NO., 


NO., 


Oil 

Dye-stuff. 


OCH3 

Colourless. 


If,  however,  we  methylate  the  XH^  group  of  nitro-aniUne, 
we  do  not  destroy  its  tinctorial  properties,  because  we  do  not 
at  the  same  time  destroy  its  basicity.     Thus 


NO, 


NO, 


NH2  N'CCHg), 

Basic,  and  dye-stuff.  Basic,  and  dye-stuff. 

From  such  considerations  as  these  Witt  has  enunciated  the 
followino-  laws: — 

(1)  2  he  tinctorial  properties  of  aromatic  compounds  are  con- 
ditioned hy  the  simultaneous  presence  of  a  colour-imparting 
group  (such  as  a  nitro-group)  and  of  a  salt-forming  group 
(such  as  NHo  or  OH  group). 

The  colouring  group  he  terms  the  chromophor  ;  and  a  com- 
pound containing  a  chromophor,  and  in  which  a  salt-forming 
radical  is  still  wanting  for  the  formation  of  a  dye-stuff,  he  calls 
a  chromogen:  thus  NO2  is  the  chromophor  of  Cq  H4.NO2.NH2 
and  Co  H4 .  NOo .  OH,  whilst  Cg  Hg .  NOo  is  the  chromogen  of 
both  compounds. 

Further,  the  tinctorial  properties  increase  with  the  number 
of  NOo  groups  present ;  thus,  the  nitrodiphenylamines  are  all 
acids  and  dye-stuffs,  and  their  dyeing-power  increases  with  the 
number  of  NOo  groups. 

Again,  azobenzene,  Cg  H5 .  N=N .  C  H5,  though  of  a  dark 
yellow  colour,  is  not  a  dye-stuff;  nor  is  benzidine, 

NH2.C6H,.06C,.NH2, 

though  it  is  a  strong  base ;  but  as  soon  as  we  combine  the 
properties  of  the  two,  by  introducing  into  the  latter  compound 
the  chromophor  — N=:N — ,  or  a  salt- forming  group  into  the 
former,  we  get  a  series  of  beautiful  dye-stuffs. 
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Another  point  observed  by  Witt  is 

(2)  The  chromoplior  exerts  its  tinctorial  influence  much  more 
in  the  SALTS  of  a  dye-stuff  than  tvhen  the  latter  is  in  the  free 
state. 

Thus,  uitraniline,  nitrophenol,  and  picric  acid,  Avhen  pure, 
are  pale  yellow,  -whilst  their  salts  are  dark  orange  and  some- 
times red. 

Again, 

(8)  Of  two  cli/e-stvff's,  loth  possessing  in  other  resjyects  a  similar 
constitution,  that  has  the  highest  tinctorial  poicer  ichose  salts  are 
the  most  stable. 

Since  most  dye-stuffs  owe  their  basicity  or  acidity  to  the 
presence  of  the  NHg  or  OH  group,  each  chromogen  may  give 
rise  to  two  colouring  compounds.  All  dye-stutfs,  therefore, 
may  be  arranged  in  pairs;  and  it  is  worthy  of  notice  that  cor- 
responding dye-stuffs  always  have  a  similar  colour.     Thus, 

Nifoptenol C.H..N0..OH  1  ^^.■^^     „„^,_ 

Nitroanilme CsHj.NC.NHj  i       ®     ' 

P:<=™'-"=:^    C,H,.(X0.)3.0H  j  d,,^  vellow. 

Trinitraniline    ...  C6H2.(N02)3.NH2  J 

Amidoazobenzene  NH2.C6H4-^=^-C'6H5  )       ,, 
Oxyazobenzene...  OH.C6H4.N=N.C,;H,       J  ^"^  ^^* 

Tetramidotetrazotriphenyl   )  ,  ^ 

Tetroxytetra zotriphenyl  J 

^o-^^^^,il"^^.    I  red. 

Hosolic  acid J 

Dioxyanthraquinone  or  alizarin \   -   ]     •   .*  i  f 

Diamidoanthraquinone    ' 

All  the  compounds  referred  to  above  (except  the  two  anthra- 
quinone  derivatives)  contain  a  nitrogenous  chromophor.  The 
dj^e-stuflPs  of  anthraquinone,  however,  show  that  a  carbon 
group  may  be  a  chromophor.  Neither  anthraquinone  nor 
dioxyanthracene  are  dye-stuffs  ;  whilst  a  comlDination  of  both, 
viz.  alizarin  or  dioxyanthraquinone,  is  a  powerful  colouring 
agent.  The  double  ( — CO — )  group  is  therefore  the  chromo- 
phor of  alizarin  and  the  related  dye-stuffs.  These  compounds 
also  lose  their  colouring-properties  on  the  introduction  of 
methyl  into  the  hydroxyl  groups.  If  we  increase  the  salt- 
forming  power  of  alizarin  by  introducing  more  hydroxyl 
groups,  or  by  nitration  or  amidation,  we  also  increase  the 
tinctorial  properties.      Further,  in  alizarin  and  the  related 
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dye-stuffs,  one  of  the  bydroxyl  groups  must  bo  in  the  ortho- 
position  as  regards  the  ( — CO — )  group  in  order  that  the 
compound  may  be  a  dye-stuff.  For  there  are  numerous  iso- 
mers of  alizarin,  but  most  of  them  are  colourless,  only  qui- 
nizarin  and  xanthopurpurin  possessing  tinctorial  properties; 
and  in  these,  as  well  as  in  alizarin,  one  of  the  HO  groups  is 
in  the  ortho-position,  thus  : — 


OH 
Quinizarin.  Xanthopurpurin. 

m.p.  =  200,  m.p.  =  184. 


In  the  above  sketch  I  have  endeavoured  to  give  a  brief 
account  of  the  more  important  facts  which  have  come  to  light 
during  late  years  in  reference  to  the  influence  of  chemical 
constitution  on  the  physical  properties  of  organic  compounds. 

I  had  intended  saving;  something  of  this  influence  of  atomic 
arrangement  on  the  specific  volume  of  compounds  and  also  on 
the  chemical  activity,  or  the  susceptibility  of  certain  elements 
or  groups  of  elements  in  a  compound  being  replaced  by  other 
elements  or  groups  of  elements ;  but  my  remarks  have  already 
attained  more  than  sufficient  length,  and  to  do  these  latter 
subjects  full  justice  would  require  the  space  of  another  paper. 

XXII.  Apparatus  for  calculating  Efficiency,  By  C.  Vernon 
Boys,  A.R.S.M.,  Demonstrator  of  Physics  at  the  Normal 
School  of  Science,  South  Kensington^ . 

[Plate  V.]. 

IN  a  previous  paper  I  have  shown  how  work  done  in  an 
engine  or  transmitted  by  shafting  or  belting,  or  ex- 
pended by  an  electric  current,  or  how  the  quantity  of  elec- 
tricity which  has  passed  in  a  conductor  during  any  time,  may 
be  automatically  measured  and  integrated  or  recorded.  The 
present  paper  refers  to  apparatus  for  dividing  rates  of  growth 

*  Communicated  by  the  Physical  Society,  haying  been  read  at  the 
Meeting  on  January  28,  1882. 


194  Mr.  C.  V.  Boys  on  Apparatus 

of  two  inteo-rals  so  found  one  by  the  otlier,  and  continuously 
recording  the  quotient.  Before  descril.ing  any  of  these 
machines,  it  may  be  well  to  give  an  example  showing  an  ap- 
plication of  a  diVider  to  some  useful  purpose.  Let  there  be  a 
steam-engine  driving  a  dynamo-electric  machine,  which  is 
employed  to  produce  an  electric  light.  Steam  does  work  on 
the  piston  of  the  engine,  which  may  be  integrated  as  already 
described.  This  is  the  work  put  in.  The  electricity  does  work 
in  the  electric  arc  and  in  the  conducting  wires,  which  may  be 
inteorated.  This  is  the  work  taken  out.  If  after  any  time, 
say  one  hour,  the  work  taken  out  is  divided  by  the  work  put  in, 
the  quotient  will  represent  the  average  efficiency  of  the  engine 
and  machine  combined  during  the  hour.  In  like  manner,  if 
the  readings  are  taken  after  a  minute,  the  quotient  will  give 
the  average  efficiency  during  the  minute.  If  instead  of  a 
minute  an  indefinitely  short  period  of  time  is  occupied,  then 
the  quotient  obtained  will  give  the  true  efficiency  at  that  time. 
Now,  if  by  mechanism  or  otherwise  a  curve  can  be  drawn  in 
Avhich  the  ordinates  represent  the  true  efficiency,  while  the 
abscissge  are  time,  then  an  inspection  of  the  curve  will  show 
exactly  how  well  the  machines  have  done  their  work  at  every 
moment,  and  the  highest  points  will  indicate  the  time  at  Avhich 
the  best  results  have  been  obtained.  What  is  wanted  in 
practice  is  not  a  curve  giving  the  true  efficiency  as  above  de- 
scribed, because  work  is  not  put  into  an  engine  uniformly,  but 
intermittently,  but  a  curve  showing  the  average  efficiency  for 
the  last  few  seconds  or  minutes  as  the  case  may  be  ;  and  it  is 
this  that  the  mechanism  I  am  going  to  describe  accomplishes. 
If  one  of  the  integrals  represents  time,  and  the  other  work  done 
in  an  engine,  then  the  curve  gives  the  continuous  value  of  the 
horse-power  per  hour  ;  or  if  one  integral  represents  turns  of  a 
dynamo-machine,  while  the  other  represents  electric  current 
or  electric  energy,  then  the  curve  gives  current-quantity  or 
current-energy  per  turn.  Or,  generally,  if  two  things  are 
turning,  either  or  both  at  a  variable  rate,  a  dividing  machine  Avill 
give  the  ever- varying  value  of  the  quotient  of  one  by  the  other. 
I  have  made  use  of  two  principles  in  the  construction  of 
dividing  machines,  -which  may  therefore  be  classed  under  two 
heads.  In  the  first  class  a  pointer,  if  at  a  wrong  position  on  the 
scale  of  quotients,  moves  towards  its  right  place  with  a  speed 
proportional  to  its  distance  from  it :  its  motion  is  therefore 
of  a  logarithmic  nature.  In  machines  of  the  second  class  a 
pointer,  if  at  a  wrong  position  on  the  scale  of  quotients,  changes 
its  speed  of  moving  towards  its  right  position  with  a  speed 
proportional  to  its  distance  from  it :  its  motion  therefore  is  of 
an  harmonic  nature.     In  cither  case  the  movement  of  the 
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pointer  may  be  made  to  trace  a  diagram  on  a  travelling  band 
of  paper.  I  shall  describe  one  logarithmic,  and  three  har- 
monic dividers. 

Logaritlumc  Divider. 
For  this  a  pair  of  wheels  incapable  of  steering  are  required — 
that  is,  wheels  which  when  turned  while  their  edges  are  in 
contact  with  a  surface  are  compelled  to  move  forward,  but 
which  at  the  same  time  are  perfectly  free  to  move  laterally. 
Disks  with  smoothly  milled  edges  very  imperfectly  fulfil  these 
conditions;  but  an  outside  smoke-ring,  such  as  is  described  in 
the  smoke-ring  integrator  on  p.  79,  Phil.  Mag.  Feb.  1882,  should 
answer  this  purpose  well.  Let  two  such  smoke-rings  be  mounted 
on  a  common  axis,  but  so  that  each  may  revolve  independently 
of  the  other  ;  let  there  be  a  disk  so  supported  that  its  plane 
is  parallel  to  the  common  axis,  and  so  that  its  own  axis  would 
if  continued  meet  the  other  at  a  point  midway  between  the 
two  smoke-rings  ;  moreover,  let  the  axis  of  the  disk  be  carried 
by  an  arm  in  such  a  manner  that  it  is  capable  of  moving  in  a 
direction  parallel  to  the  plane  of  the  disk,  but  inclined  at  a 
small  angle  to  the  common  axis  of  the  smoke-rino-s.  Fio-.  1 
shows  the  arrangement  in  its  central  position  :  AA  is  the 
common  axis,  S  Sj  are  the  smoke-rings,  and  D  the  disk  ;  the 
dotted  line  shows  the  line  of  travel  of  the  axis  of  the  disk.  If 
while  the  disk  is  in  its  central  position  the  two  rings  S  Si  are 
caused  to  revolve  at  equal  speeds  in  opposite  directions,  then 
the  disk  merely  turns,  and  there  is  no  fui-ther  result.  Let  the 
direction  of  motion  be  that  shown  by  the  arrow. 

Now  let  the  ring  Si  begin  to  revoh-e  faster  than  S,  then  the 
centre  of  the  disk  D  would,  if  free,  begin  to  move  downwards 
with  a  speed  equal  to  half  the  excess;  but  it  is  incapable  of 
moving  vertically  downwards;  yet  it  may  move  down  the  slope 
indicated  by  the  dotted  line.  Now,  as  the  rings  S  Si  in  no 
way  interfere  with  the  lateral  movement  of  the  disk,  its  centre 
will  move  down  the  slope  till  it  reaches  such  a  point  that  the 
ratio  of  the  distances  of  the  point  from  the  two  rings  is  equal 
to  the  ratio  of  the  speeds.  It  will  be  necessary  to  show  that 
what  is  true  when  the  produced  axis  of  D  intersects  A  A,  is 
equally  true  when  it  has  so  far  moved  up  or  down  the  slope 
as  to  cause  a  considerable  displacement.  Let  the  centre  have 
moved  down  to  c,  fig.  2,  and  let  S  Si  be  the  points  on  the 
disk  touched  by  the  two  smoke-rings,  and  let  cp  be  the  per- 
pendicular on  S  Si  from  c.  Now,  if  S  Si  are  turning  with 
speeds  proportional  to  the  lengths  '^p  and  Siy>,  then  the 
centre  will  have  no  tendency  to  move  up  or  down.  The 
motion  of  S  about  c  as  a  centre  may  be  resolved  into  two: — 
one,  an  upward  motion,  proportional  to  Sp  (and  this  motion 
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must,  from  the  mechanical  construction,  be  the  same  in  the 
disk  and  in  the  ring);  and  the  other,  a  lateral  motion,  propor- 
tional to  2^  c,  with  which  the  ring  in  no  way  interferes.  In 
a  similar  way,  the  motion  of  Si  may  be  resolved  into  two — 
a  downward  motion  proportional  to  Si  j»),  and  a  lateral  motion 
proportional  to  p  c.  The  downward  motion  must  be  common 
to  the  disk  and  ring,  while  the  lateral  motion  is  free.  It  is  clear 
then,  if  the  rings  move  with  speeds  in  the  ratio  S/)  :  Sj/',  that 
the  centre  c  will  have  no  up  or  down  tendency  ;  and  if  the  rings 
are  not  moving  with  speeds  in  the  ratio  Sy> :  Si/),  that  the  centre 
0  will  move  up  or  down  the  slope  Avith  a  vertical  speed  propor- 
tional to  the  distance  of  the  point  p>  from  a  point  which  does 
divide  S  Si  in  the  ratio  of  the  speeds  of  the  smoke-rings.  If 
6  is  the  inclination  of  the  dotted  line,  then  r  will  move  along 
this  line  with  a  speed  equal  to  cosec  6  times  its  vertical 
speed,  and  j)  will  travel  along  S  Si  with  a  speed  equal  to  cot  9 
times  the  vertical  speed  of  c.  Shoiild  one  disk  ever  stop  and 
change  the  direction  of  its  motion,  then  c  must  move  along 
the  slope  till  it  is  immediately  under  the  ring,  and  move 
beyond  till  it  arrives  at  such  a  position  Ci  that  S/^i :  Sipi  is 
the  ratio  of  the  speeds. 

Let  the  two  smoke-rings  be  turned  by  two  integrating 
machines  as  already  described,  then  either  or  both  may  be 
going  at  a  variable  speed.  There  must  at  every  moment  be 
some  point  x  in  the  line  S  Si  such  that  S  .r :  Si  x  is  the  ratio  of 
the  speeds.  This  point  Avill  sometimes  coincide  with  P,  at 
which  times  C  will  be  stationary;  it  will  generally,  however,  be 
distant  more  or  less  from  P,  in  which  case  P  will  pursue  it  with 
a  speed  proportional  to  its  distance  from  it.  If  the  arm  which 
carries  C  carries  also  a  pencil  bearing  against  a  uniformly 
travelling  band  of  paper,  then  the  curved  line  drawn  will 
show  what  has  been  the  efficiency,  horse-power  per  hour,  or 
-whatever  it  was  set  to  find  during  any  period  of  time.  The 
travellino;  band  would  have  to  be  ruled  across  with  lines  show- 
ing  time,  and  longitudinally  with  lines  showing  ratios,  the 
scale  being  of  the  kind  shown  in  fig.  3. 

If  the  slope  or  the  direction  of  motion  had  been  in  the  op- 
posite direction  to  that  shown,  then  />,  instead  of  approaching 
its  places,  would  have  fled  from  it  with  a  speed  proportional  to 
its  distance  from  it. 

I  think  it  possible  that  the  logarithmic  divider  might  be 
applied  to  solve  some  difiicult  problems ;  for  while  in  action 
the  inclination  of  the  path  of  the  centre  c  to  the  line  S  Si,  or 
the  position  of  either  ring  on  their  common  axis,  may  be 
changed  in  any  way  without  interfering  with  the  freedom  of 
the  motion  of  c. 
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Harmonic  Dividers. 

All  harmonic    dividers    depend  on  the   steering-power  of 
wheels,  an  action  which  renders  wheels  of  ordinary  construc- 
tion useless  in  the  case  of  the  logarithmic  divider.     The  steer- 
ing action,  how^ever,  is  not  determined  by  any  direct  effect, 
as  in  the  case  of  my  cart  integratiug-machine,  or  in  the  more 
familiar  case  of  a  connnon  bicycle,  but  depends  on  an  inter- 
mediate action,  and  is  in  this  respect  exactly  similar  to  the 
steerino-  arrano-ements  in  that  most  beautiful  and  in<>enious 
machine  the  "  Otto  "  bicycle.     In  this  the  rider  produces  a 
difference  in  the  speeds  of  two  wheels,  one  on  each   side  of 
him;  the  angular  deviation  therefore  is  the  integral  of  the  dif- 
ference in   speed  between  the  two  wheels,  while   the  linear 
deviation  from  the  original  straight  course  is  the  integral  with 
respect  to  the  distance  run  of  the  sine  of  the  angular  devia- 
tion.    The  method  of  adapting  this  principle  is  exactly  analo- 
gous to  the  case  of  the  disk-cylinder  integrator.     That  machine 
was  developed  in  this  way : — Take  a  cart  integrator  running 
on  fixed   ground,  remove  the  whole  of  the  cart  except  its 
steering-wheel,  which  fix  in  position,  then  give  it  movable 
and  cylindrical  ground  to  run  on ;  a  disk-cylinder  integrator 
will  be  the  result.     In  this  case  do  away  with  the  whole  of 
Otto's  machine   except  the  two  wheels,  fix  them  in  position, 
and  give  them  each  a  movable  floor  to  run  on.     Fm.  4  is  a 
side  view,  and  fig.  5  is  a  plan,  of  a  machine  of  this  kind. 
A  Ai  are  the  two  steering  wheels  mounted  independently  on  a 
common  axis  ;  B  Bi  are  a  pair  of  disks  geared  together  by  their 
edges,  and  they  form  the  movable  floors  for  the  disks  A  A  to 
rest  upon,     c  c^  are  the  supporting  wheels  of  a  frame  F,  and 
are  capable  of  running  on  rails  parallel  to  the  common  axis  of 
A  Aj,     The  frame  F  carries  a  block  D  swivelled  on  a  vertical 
axis  passing  through  the  centre  of  both  F  and  D.     The  axes 
of  B  Bi  are  supported  by  D.     If  A  Ai  are  caused  to  turn  with 
speeds  proportional  to  their  distances  from  the  centres  of  B  Bj 
and  in  the  same  direction,  B  Bi  will  revolve  at  equal  speeds  in 
opposite  directions,  and  neither  J)  nor  F  will  be  affected;  but 
if  either  A  or  Aj  is  made  to  revolve  a  little  faster  than  is  due 
to  its   central  distance,  1)  will  begin  to  turn  in  its  swivel- 
frame.     But  no  sooner  does  D  begin  to  twist,  than  the  disks 
A  Aj,  which  previously  were  describing  circles  on  B  Bi,  tend 
to  move  in  spiral  paths,  the  fastei'  one  receding  from,  and  the 
slower  one  approaching,  the  centres  of  the  disks  B  B^  on  which 
it  is  moving.     But  as  A  Ai  are  incapable  of  any  movement  but 
rotation,  while  the  disks  B  B^  can,  from  the  nature  of  their 
support,  accommodate  themselves  to  Gxery  kind  of  movement 


198  Mr.  C.  V.  Boys  on  Apparatus 

except  one  of  lateral  translation,  therefore  the  combination 
c,  F,  D,  B,  and  B^  will  move  longitudinally  till  the  central 
distances  of  A  Ai  are  proportional  to  their  speeds  ;  but,  unfor- 
tunately^ by  this  time  the  obliquity  of  the  block  D  has  become 
a  maximum,  and  therefore  its  rate  of  longitudinal  travel  is  a 
maximum  also.  It  therefore  travels  on  and  introduces  an 
error  of  position  on  the  opposite  side,  which  is  corrected  as 
before;  and  so  the  frame  F  oscillates  on  either  side  of  its  cor- 
rect position.  The  motion  may  be  considered  more  exactly 
in  this  way:— The  rate  at  which  D  twists  is  proportional  to 
the  error  of  F,  while  the  rate  at  which  F  corrects  its  position 
is  proportional  to  the  amount  of  twist  of  D:  this  expressed 

mathematically  gives  the  equation    . '_2  = —^j  the  solution  of 

which  is  ?/  =  sin  .v  or  y  =  cos  x.  The  motion  of  both  D  and  F 
therefore  is  harmonic.  An  exactly  analogous  case  is  that  of 
a  heavy  body  moving  under  the  influence  of  a  force  which 
varies  with  the  displacement,  the  movements  of  F  being  equi- 
valent to  that  of  the  heavy  body,  vrhile  the  rate  at  which  D 
twists  represents  the  force.  Of  course  in  the  dividing-machine 
described  Ave  have  nothing  to  do  with  inertia  or  with  a  resist- 
ing force ;  but  the  movements  are  the  result  of  an  action  of 
pure  rolling,  and  it  so  happens  that  they  follow  exactly  the 
same  law  as  the  movements  of  a  vibrating  heavy  Ijody.  This 
view  of  the  subject  removes  all  difficulty  in  discovering  what 
wdll  be  the  action  dui'ing  either  slow  or  very  rapid  variations 
in  the  ratio  of  the  velocities.  Let  the  dynamical  equivalent 
be  a  heavy  magnetic  needle  balanced  in  a  magnetic  field. 
Then  the  direction  of  the  field  corres})onds  to  ratio  of  veloci- 
ties, and  the  motions  of  the  needle  to  the  motion  of  the 
frame  F.  As  has  been  shown  in  the  case  of  a  constant  ratio, 
an  error  of  position  of  F  at  starting  causes  F  to  oscillate  on 
either  side  of  its  correct  place,  just  as  a  displacement  of  a 
magnetic  needle  causes  it  to  oscillate.  Now  suppose  F  to  be 
in  its  correct  position  and  then  the  ratio  to  change  slowly  (that 
isj  slowly  compared  with  the  time  of  an  oscillation);  then  the 
frame  F  will  move  slowly  also,  always  being  in  the  correct 
position,  because  during  a  slow  change  in  the  direction  of  the 
magnetic  field  a  balanced  needle  follows  the  change  without 
oscillation.  Next  suppose  the  ratio  to  alternate  rapidly — that 
iSj  rapidly  compared  with  the  time  of  an  oscillation,  as,  for 
instance,  is  the  case  when  a  steam-engine  is  made  to  do  work 
uniformly,  for  work  is  })ut  in  intermittently  and  taken  out 
gradually;  then  the  dividing-machine  will  steadily  show  the 
mean  value,  and  will  take  no  account  of  the  rapid  variatioua 
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in  ratio,  because  a  heavy  magnetic  needle  subjected  to  rapidly 
alternating  currents,  which  produce  rapid  variations  in  the 
direction  of  tlie  magnetic  field,  is  unaffected  by  these  currents, 
but  steadily  maintains  its  position  in  the  mean  direction  of  the 
field.  The  most  complex  possible  case  is  a  combination  of 
rapidly  alternating  and  slowly  changing  ratios  with  occasional 
sudden  changes.  The  first  two  are  properly  considered  by 
the  machine,  while  the  sudden  changes  merely  cause  the  frame 
F  to  oscillate  on  either  side  of  its  correct  position.  As  in  the 
case  of  the  logarithmic  divider,  so  here;  a  curve  may  be  drawn 
on  a  travelling  band  of  paper  by  a  pencil  attached  to  the 
frame. 

A  more  simple  arrangement  is  shown  in  fig.  G,  where  the 
disks  B  Bi  and  the  frame  and  block  are  replaced  by  a  sphere 
S  with  its  axis  horizontal  mounted  in  a  horizontal  ring  li,  and 
where  this  ring  is  supported  in  a  crutch  c  which  is  capaljle  of 
moving  round  on  a  vertical  axis.  Thus,  when  11  is  hori- 
zontal, the  s])here  can  turn  independently  round  three  axes  at 
right  angles  to  one  another.  Then,  if  the  disks  A  A,  touch 
the  sphere  in  points  90°  apart,  the  ratio  of  their  speeds  will  be 
measured  by  tlic  tangent  of  the  inclination  of  R,  while  the  de- 
viation of  c  will  correspond  to  the  obliquity  of  the  block  D  in 
the  last  machine. 

The  most  simple  harmonic  divider  that  I  can  imagine  is 
made  by  mounting,  as  shown  in  fig.  7,  two  iron  cones  with 
their  bases  adjacent,  and  with  the  lowest  generating  line  in 
each  horizontal  and  in  one  straight  line.  Then,  if  a  mag- 
netized steel  reel  is  hung  on  and  the  two  cones  are  turned,  the 
reel  will  travel  about  and  find  the  ever-varying  value  of  the  ratio 
of  their  speeds.  The  method  of  attaching  a  recording-pencil 
is  too  obvious  to  need  description.  If  the  two  cones  Avere 
placed  so  that  their  bases  were  turned  away  from  one  another 
instead  of  being  adjacent,  then  the  reel  would  change  its  speed 
of  moving  away  from  its  correct  position  with  a  speed  propor- 
tional to  its  distance  from  it.  This  kind  of  action  could  only 
exist,  of  course,  for  a  very  short  time. 

Whether  dividing-machines  are  likely  to  be  of  general  value 
for  practical  or  experimental  purposes,  it  is  difficult  to  say; 
but  there  can  be  little  doubt  that  cases  might  arise  in  which 
some  machine  such  as  1  have  described  might  be  used  with 
advantage. 
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XXIII.  On  the  Electrical  Resistance  of  Gases.  By  E.  Edlund, 
Professor  of  Physics  at  the  Swedish  Royal  Academy  of 
Sciences*. 

§1. 

THE  resistance  opposed  by  gases  to  the  propagation  of 
electricity  has  shown  itself  to  be  different  in  several 
respects  from  that  produced  by  solid  or  liquid  conductors.  I 
shall  in  this  memoir  take  these  differences  into  consideration, 
and  endeavour  to  show  how  they  are  to  be  explained. 

1st.  In  order  that  the  current  may  traverse  a  solid  or  liquid 
conductor,  there  is  no  need  of  a  certain  amount  of  electromo- 
tive force.  However  slight  the  electromotive  force  may  be, 
the  current  will  nevertheless  pass,  although  of  course  it 
becomes  less  intense  as  the  force  is  diminished  or  the  resist- 
ance increased.  Only  when  the  force  is  equal  to  oiil  will  the 
current  become  equal  to  nil.  With  gases,  on  the  contrary,  the 
circumstances  change.  For  the  current  to  be  able  to  traverse 
a  gas  the  source  of  electricity  must  have  a  certain  amount  of 
electromotive  force,  or  be  capable  of  producing  a  certain  elec- 
trical tension,  the  amount  of  which  depends  moreover  on  the 
chemical  nature,  the  density,  and  the  temperature  of  the  gas, 
but  never  falls  below  a  certain  limit  in  given  circumstances. 
For  any  electromotive  force  below  that  limit  the  gas  is  a  per- 
fect insulator. 

2ndly.  The  quantity  of  heat  produced  by  an  electric  current 
in  its  passage  through  a  solid  or  liquid  conductor  is,  as  is 
known,  proportional  to  the  square  of  the  intensity  of  the  cur- 
rent. In  gases,  on  the  contrary,  the  amount  of  heat  is  pro- 
portional to  the  first  power  of  the  intensity  of  the  current, 
and  not  to  its  square.  This  remarkable  property  of  gases  was 
first  observed  by  Gr.  Wiedemann!;  and  later  it  was  completely 
demonstrated  by  Naccari  and  BeUati  that  the  quantity  of  heat 
evolved  is  really  proportional  to  the  quantity  of  electricity 
which  has  passed  J. 

3rdly.  For  solid  and  liquid  conductors  the  quantity  of  heat 
developed,  under  conditions  in  all  other  respects  equal,  by  a 
given  current,  is  inversely  proportional  to  the  cross  section  of 
the  conductor;  while  the  quantity  of  heat  developed  in  a  column 
of  gas  is  independent  of  the  section  of  the  latter.  This  propo- 
sition has  in  like  manner  been  demonstrated  experimentally 
by  G.  Wiedemann,  as  well  as  by  Naccari  and  Bellati. 

4thly.  In  a  solid  or  liquid  conductor  the  resistance  is  iu- 

*  Translated  from  a  copy,  communicated  by  the  Author,  of  the  memoh* 
forming  No.  7,  vol.  vi.  of  the  Bihawj  till K.  SvenslcaVct.-Akad.  IZandlinf/ar. 
t  Pogg.  Ann.  cxlv.  p.  237. 
X  BeihlaUer  zu  den  Ann.  der  Ph.  und  Ch.  ii.  p.  720  (1878). 
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versely  proportional  to  the  section  of  the  conductor.  G.  Wiede- 
mann has  proved,  by  experiments*,  that  the  tension  which  is 
necessary  upon  the  electrodes  in  order  to  force  the  electricity 
of  a  Holtz  machine  to  traverse  a  cylindrical  tube  filled  with 
rarefied  gas  is  independent  of  the  radius  of  the  tube — which 
means,  in  other  terms,  that  the  electrical  resistance  of  the  gas 
is  independent  of  the  section  of  the  tube.  In  two  experi- 
ments, one  with  a  tube  16  millim.  and  the  other  with  a  tube 
0'5  millim.  in  diameter,  Schulzf  found  only  an  insignificant 
difference  in  the  electrical  tension  requisite  to  compel  the  elec- 
tricity of  a  Holtz  machine  to  pass  through  the  tube. 

5thly.  With  solid  and  liquid  conductors,  the  difference 
between  the  electroscopic  tensions  on  two  points  situated  at  a 
certain  distance  the  one  from  the  other  is  proportional  to  the 
product  of  the  resistance  between  those  points  multiplied  by 
the  intensity  of  the  current.  Warren  De  la  Rue  and  Hugo 
MUllerJ,  have,  on  the  contrary,  proved  experimentally  that 
the  difference  between  the  electroscopic  tensions  at  two  points 
situated  at  a  distance  from  one  another  in  a  column  of  gas  is 
totally  independent  of  the  intensity  of  the  curi-ont.  These 
physicists  caused  the  current  of  a  battery  composed  of  a  great 
number  of  elements  to  vary  between  very  wide  limits ;  and 
yet  it  was  impossible  to  perceive  any  variation  in  the  above- 
mentioned  difference.  With  the  aid  of  a  galvanic  battery  of 
great  electromotive  force,  Hittorf  has  also  proved,  although 
in  another  way,  that  the  difference  between  the  electric  ten- 
sions of  the  electrodes  conductino-  to  the  column  of  gas  is  inde- 
pendent  of  the  intensity  of  the  current  §.  When  for  the 
column  of  gas  between  the  electrodes  a  liquid  conductor  was 
substituted,  the  difference  became,  as  might  have  been  ex- 
pected, proportional  to  the  intensity  of  the  current.  From 
this  Hittorf  draws  the  conclusion,  somewhat  prematurel}^  that 
the  resistance  of  the  column  of  gas  must  be  in  the  inverse  pro- 
portion of  the  intensity  of  the  current,  to  which  circumstance 
he  attributes  a  fundamental  importance  for  the  conductivity 
of  gases. 

Gthly.  Several  years  since,  Edm.  Becquerel  proved ||,  by 
experiments,  that  gases  begin  to  be  conductors  when  heated 
to  the  temperature  of  redness,  after  which  their  conductivity 
increases  in  proportion  as  the  temperature  rises  above  that 
point.  If  the  temperature  is  sufffeieutly  elevated,  they  even 
let  the  feeble  current  of  a  single  element  pass.     The  conducti- 

*  Pogg.  Ann.  clviii.  p.  o3  (1876).  f  Ibid,  cxxxv.  p.  254  (1868). 

X   Comptes  Rendus,  Ixxxvi.  p.  1072  (1878). 

§  Wied.  Ann.  vii.  p.  573  (1879). 

II  Ann.  de  Ch.  et  dc  Ph.  [3]  xxxix.  p.  377  (1853). 

Phil.  Mag.  S.  5.  Vol.  13.  No.  80.  March  1882.  R 
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Tiij  moreover  increases  as  the  density  of  the  gas  diminishes. 
The  fact  that  gases  heated  to  redness  become  conductors  was 
at  first  questioned,  although  erroneously,  by  Beetz  *  and  G. 
Wiedemann!,  but  has  since  been  confirmed  in  the  most  com- 
plete manner  by  Hittorf  |. 

But  Becquerel's  experiment  has  furnished  another  result, 
to  which  I  will  call  special  attention.  When,  keeping  the  same 
battery,  the  intensity  of  the  current  w^as  modified  by  introdu- 
cing a  rheostat  of  greater  or  less  resistance,  the  resistance  of 
the  gas  was  shown  to  be  dependent  on  the  intensity  of  the 
current.  For  example,  i  and  ii  designating  the  current-inten- 
sities, let  E  be  the  electromotive  force,  r  and  7'i  the  resist- 
ances of  the  solid  or  liquid  conductor,  z  and  Zi  the  gas  resist- 
ances, corresjjondiug  to  i  and  z'l,  we  get,  according  to  Ohm's 

E            .          E  . 

formula,  i= and  ii  = .     When  the  current  does  not 

r  +  z  ?'i  +  ^1 

pass  through  the  gas,  and  M  and  Mj  designate  the  resistances 
necessary  in  order  that  the  current-intensities  may  become  the 

E  .       E 

same  as  before,  we  shall  havei=^  and  ?i=  ^rj-,  whence  we 

get  M  —  r  =  z  and  Mi  —  ')'i  =  zi.  Putting  the  calculation  thus, 
it  will  be  seen  that  the  resistance  of  the  gas  was  nearly  pro- 
portional inversely  to  the  intensity  of  the  current  which  had 
jjassed. 

The  observation  numbers  obtained  also  appear  to  indicate 
that  the  resistance  of  the  gas  increases  with  the  number  of  the 
elements  of  the  battery  employed,  although  the  intensity  of  the 
current  be  maintained  constant  by  introducing  a  suitable  rheo- 
static  resistance.  We  will  not  now  dwell  upon  this  almost 
incomprehensible  result  (as  Becquerel  himself  remarks),  seeing 
that  W.  De  La  Rue  and  H.  W.  Muller§  have  quite  recently 
found,  in  their  investigations,  which,  however,  were  executed 
by  other  processes  than  those  of  Becquerel,  that  the  resist- 
ance of  gases  at  one  and  the  same  current-intensity  is  inde- 
pendent of  the  number  of  the  elements. 

The  above-mentioned  differences  between  solid  and  liquid 
conductors,  on  the  one  hand,  and  gases  on  the  other,  are  ex- 
plained without  difiiculty  if  the  unitarian  theory  of  the  nature 
of  electricity  explained  by  nic|l  be  taken  as  the  starting-point. 
In  order,  however,  to  furnish  the  proof  of  ^^  liat  I  advance,  it 
is  necessary  first  to  cite  some  propositions  of  that  theory. 

*  Foi-tschrif.te  eler  Physik,  ix.  p.  479  (1853). 
t  I)ie  Lehre  vom  Gfih-am'smus,  2ik1  ed.  vol.  i.  p.  339. 
X  Pofig-  ^nn.  JuLelLaiul,  p.  234  (1874). 
§  TLil.  Trans,  clxix.  p.  23U  (1878). 

II  Theorie  den  Phenomcnes  Elcctn'ques,  Mem.  Eoy.  Ac.  Sciences,  Sweden, 
vol.  xii.  no.  8  (1874). 
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§  2. 
(a)  According  to  the  unitarian  theory,  the  galvanic  current 
in  a  closed  circuit  consists  in  the  free  aether  present  in  the 
circuit  being  set  in  translatory  motion.  The  intensity  of  the 
current  is  determined  by  the  quantity  of  aether  passing,  in  the 
unit  of  time,  throuo-h  anv  section  of  the  conductor;  and  the 
velocity  of  the  sether,  for  equal  intensity  of  current,  is  inversely 
proportional  to  the  magnitude  of  the  section.  The  galvanic 
current  may  therefore  be  compared  to  the  current  of  an  ordi- 
nary gas  in  a  system  of  tubes ;  and  the  properties  belonging 
to  a  current  of  this  latter  kind  are  therefore  to  be  met  with, 
mutatis  mutandis,  in  the  aether-current.  Thus,  let  us  imagine 
a  tube,  of  which  one  half  has  the  section  1,  and  the  section  of 
the  other  half  is  n  times  as  great ;  let  us  suppose,  secondly, 
that  this  tube  is  filled  with  a  fluid  (liquid  or  gaseous)  having  a 
translatory  motion  impressed  by  forces  acting  at  one  of  the 
extremities  of  the  tube.  Now,  if  we  wish  to  stop  or  diminish 
at  any  point  the  motion  of  the  fluid  by  a  counterprossure  (for 
instance,  by  means  of  a  piston  or  otherwise),  in  order  to  attain 
the  same  effect  we  must  cause  to  act  in  the  widest  part  of  the 
tube  n  times  as  much  pressure  as  in  the  narrowest.  The  dimi- 
nution of  the  velocity  of  the  motion  by  means  of  the  counter- 
pressure  does  not  depend  on  the  absolute  value  of  the  latter, 
but  on  its  value  in  comparison  with  the  unit  of  section.  If 
the  counterpressure  upon  the  unit  of  section  is  as  strong  in 
the  widest  part  of  the  tube  as  in  the  narrowest,  the  diminu- 
tion of  the  intensity  of  the  current  is  equal  in  the  two  cases. 
It  will  always  be  so,  whatever  the  resistance,  provided  that 
the  fluid  employed  possess  sufficient  fluidity  to  produce  equal 
pressure  in  all  directions. 

What  has  just  been  said  finds  its  direct  application  in  the 
galvanic  current.  Whatever  opinion  may  be  held  upon  the 
nature  of  electricity,  all  agree  that  it  is  a  fluid  which  the  ex- 
treme mobility  of  its  particles  permits  to  communicate  pres- 
sure in  all  directions.  Galvanic  resistance  impedes  the  motion 
of  electricity;  it  therefore  acts  as  a  pressure  in  the  opposite 
direction  distributed  uniformly  over  all  points  of  the  section 
of  the  conductor.  Now,  if  two  resistances  (two  wires,  for 
instance,  each  of  a  different  metal,  and  with  different  sections) 
produce  an  equal  diminution  in  the  intensity  of  a  given  cur- 
rent, their  resistance  is  said  to  be  equal.  We  know,  likewise 
in  conformity  with  the  foregoing,  that  the  counterpressure 
opposed  by  each  of  them,  on  the  unit  of  section,  to  the  propa- 
gation of  the  current  is  in  like  manner  equal.  It  is  therefore 
exclusively  the  counterpressure  on  the  unit  of  section  that  can 
serve  for  the  determination  of  the  galvanic  resistance.     This 

R2 
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is  a  consequence  of  the  laws  of  hydrodynamics  ;  and  it  is  im- 
possible to  give  any  other  interpretation  to  the  fact  if  we  will 
continue  to  admit  that  the  electric  material  is  a  fluid. 

Now  let  us  suppose  a  single  conducting  wire  or  a  liquid 
column/,  of  which  the  section  is  1,  and  also  a  number  n  of 
other  conductors, /o,/i,/2,  &c.,  of  the  same  material,  section, 
and  length  as  the  preceding,  placed  side  by  side.  Let  us  then 
suppose  that  a  current  t  passes  through  the  conductor/ and 
afterwards  simultaneously  through  the  conductors /o,/i,/2,  &c. 
placed    side    by  side.      Each   of   these    latter  will  therefore 

have   to  be  traversed  by  a  current   =  -  i.     Now  we  know 

•^  n 

by  experiment  that  the  resistance  to  be  overcome  by  the  cur- 
rent in  order  to  pass  simultaneously  through  the  n  conductors 

/q,/i, /a,  &c.  constitutes  -  of  the   resistance  to  be   overcome 

when  the  current  passes  through/.  According  to  the  above 
account,  the  counterpressure  upon  the  unit  of  section  of  the  n 

C3nductors  will  be  hkewise  -  of  the  counterpressure  in  the 

single  conductor/  the  resistance  being  determined  exclusively 
by  the  amount  of  the  counterpressure  upon  the  unit  of  section. 
It  hence  follows,  therefore,  that  in  each  of  the   conductors 

/o'/ij/sj  *^^'  ^^®  resistance  will  in  the  present  case  be  -  of 

what  it  is  in  /  We  therefore  find  ourselves  conft-onted  by 
the  unexpected  result  that  galvanic  resistance  is  p7'oportion.al 
to  the  intensity  of  the  current.  It  must,  however,  be  observed 
that  this  demonstration  refers  only  to  solid  and  liquid,  and  not 
at  all  to  gaseous  bodies,  to  which  the  above  experiment  is  not 
applicable. 

The  above-mentioned  result  is  in  direct  opposition  to  the 
opinion  hitherto  generally  admitted,  namely  that  the  resistance 
is  independent  of  the  intensity  of  the  current.  But  if  that 
opinion  is  still  to  be  maintained,  it  will  be  necessary,  in  con- 
sequence of  the  foregoing,  to  assume  that  the  fluid  which  we 
call  electricity  is  governed  by  quite  difi'erent  laws  of  motion 
from  those  to  which  the  other  fluids  known  to  us  are  subject. 
It  has  moreover  been  demonstrated  in  the  above-mentioned 
memoir,  that  although  the  formulated  proposition  may  contra- 
dict the  common  opinion,  it  is  by  no  means  contrary  to  the 
experimental  results  upon  which  that  opinion  has  been  believed 
to  be  founded. 

In  consequence  of  the  results  of  experiment,  as  also  from 
the  theoretical  consideration  above  given,  we  have,  then,  as 


ro=  -=ri, 
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the  expression  of  the  resistance  7'^  in  a  conductor  of  length  1 
and  section  a,  traversed  by  the  current  i, 

ki 
a 

where  k  is  a  constant  dependent  on  the  chemical  and  physical 
nature  of  the  conductor,  as  well  as  on  the  temperature.  The 
constant  k  is  evidently  the  resistance  in  a  conductor  of  sec- 

tion  1  and  length  1,  passed  through  by  the  current  1 ;   ~  is  the 

Co 

intensity  of  the  current  on  the  unit  of  section  ;  i',  or,  in  other 
terms,  what  w^e  have  hitherto  named  the  galvanic  resistance, 
is  nothing  else  but  the  resistance  per  unit  of  intensity  of 
the  current.  In  order  to  distinguish  this  resistance  from  the 
others,  in  the  following  we  call  it  the  principal  resistance. 

(6)  Electromotive  force,  like  all  other  motive  forces,  is 
measured  by  the  acceleration  which  it  can  impart,  in  the  unit 
of  time,  to  the  unit  of  mass.  Taking  this  for  granted,  which 
we  are  warranted  in  doing  under  all  the  circumstances.  Ohm's 
law  can  be  without  difficulty  deduced  from  ordinary  mecha- 
nical principles.  We  will  nevertheless  previously  show  that 
the  electromotive  force  is  independent  of  the  intensity  of  the 
current. 

Electromotive  force  acts  with  equal  intensity  upon  every 
point  of  the  electromotive  surface  of  contact ;  consequently 
the  total  value  of  this  force  increases  proportionally  to  the 
extent  of  that  surface.  Besides,  it  is  evident  that  the  force 
not  only  acts  upon  the  aether  molecules  which  are  at  the  con- 
tact surface  itself,  but  also  extends  to  those  situated  at  a  very 
little  distance  from  that  surfjice.  Now  let  us  designate  by  E 
the  quantity  of  motion  which  the  electromotive  force  can  com- 
municate to  the  mass  of  aether  on  each  unit  of  surface  in  the 
unit  of  time.  Let  us,  in  the  first  place,  imagine  a  current 
sufficiently  powerful  for  the  unit  of  mass  to  pass,  in  the  unit 
of  time,  through  each  unit  of  the  surface  of  contact;  then  each 
unit  of  mass  will  have  received  the  acceleration  E.  If  the 
extent  of  the  surface  of  contact  be  called  w,  ?iE  Avill  in  this 
case  constitute  the  total  value  of  the  electromotive  force.  Let 
us  suppose,  secondly,  the  surface  of  contact  passed  through, 
in  unit  of  time,  by  a  mass  of  aether  p  times  as  great  as  before, 
and  which  can  then  be  expressed  by  pn.  The  sether  possessing 
the  same  density  in  a  feeble  as  in  an  intense  current,  the  velo- 
city will  in  this  case  be  p  times  as  great.  Each  particle  of  the 
mass  of  aether  therefore  undergoes  the  action  of  the  electro- 
motive force  during  a  space  of  time  constituting  -  of  the  time 
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of  action  in  the    former   case.      The   acceleration   acquired 

E 

amounts  to  only  — .     On   multiplying  by  the  mass  pn,  we 

shall  have  the  total  electromotive  force  equal  to  wE.  Thus  the 
electromotive  force  can  be  expressed  by  ?iE,  whether  the  cur- 
rent be  strong  or  weak. 

If  r  signifies  the  totality  of  the  principal  resistance,  and  if 
i  designates  the  intensity  of  the  current,  the  total  resistance 
will  be  ri — which  in  this  case  signifies  nothing  else  but  the 
counterpressure,  upon  the  unit  of  section,  opposed  by  the 
resistance  to  the  propagation  of  the  current.  We  shall  there- 
fore have  nri  for  the  total  value  of  the  counterpressure  upon 
a  surface  of  contact  of  n  units  magnitude.  Designating  by 
L  the  total  length  of  the  circuit,  we  thus  obtain  the  equation 
of  motion, 

di 

L  ^-  =  nE  — nri*, 
at 

whence 

E 


=  7(-^?)- 


As  soon  as  the  current  has  become  constant  we  have 

._E 
r 

It  follows  from  this  that  the  electromotive  force  represented 
in  Ohm^s  formula  is  independent  of  the  extent  of  surface  of 
the  electromotor — which,  we  know^,  is  conformable  to  expe- 
rience. 

(f)  Let  us  imagine  a  closed  galvanic  conductor,  of  which 
the  length  is  /  and  the  section  everywhere  equal  to  a,  com- 
posed of  the  same  material  throughout  its  length,  and  passed 
through  by  a  constant  current  of  intensity  i.  If  S  is  the  mass 
of  ffither  in  motion  per  unit  of  volume,  and  h  the  velocity  of 
the  motion,  we  shall  shall  have  i=c(8h.  To  calculate  the  me- 
chanical work  done  by  the  current  during  the  unit  of  time,  we 
shall  first  consider  a  current-element  comprised  between  two 

*  The  total  length  L  of  the  circuit  being  equal  to  the  sum  of  all  its  parts 
Z,,  l.^,  l^,  /,,  &c.,  and  these  having  respectively  the  sections  a,,  a^,  a^,  a^,  kc, 
the  total  volume  of  the  conductor  will  be  a^h  +  aJ.-^-^aJ^-\-kc.  I&j  mul- 
tiplying this  sum  by  the  mass  of  aether  8  in  the  unit  of  volume,  -we  obtain 
the  entire  mass  of  the  aether  in  motion.  Now,  if  the  augmentation  of  the 
velocity  during  the  time  dt  is  respectively  dli^,  dh^,  dJt^,  the  total  mass  of 
aether  will  receive,  during  the  time  in  question,  an  augmentation  of  the 
quantity  of  motion  which  will  be  expressed  by  (a^I^dh ^  +  aj ndh.,-^a.JI .^dli^ 
+  .  .  .  )5.  Now  8«,  bh.^^=-hac,  8h.^=.da^  8Ji.^=i8i,  whence,  consequently,  the 
total  augmentation  of  the  quantity  of  motion  of  the  aether  will  be  J^di. 


Electrical  Resistance  of  Gases.  207 

planes  situated  at  distance  1  from  each  other.  The  resistance 
upon  the  unit  of  section  being  ?*o,  and  the  magnitude  of  the 
section  a,  the  resistance  upon  the  entire  section  will  be  rQa  =  ki. 
In  the  time-unit  this  element  is  repelled  the  path-length  h, 

whence  the  work  done  will  be  kih.     Now  h=  -^,  in  w^hich 

oa 

expression  8  is  a  constant,  as  we  have  seen  above.     The  mecha- 

nical   work  of  this  element  will  therefore  be  ^— .      If  this 

klP 
quantity  be  multiplied  by  b,  the  product  ^—  will  be  equal  to 

the  work  of  the  entire  current.     If,  lastly,  this  expression  be 

multiplied  by  the  thermal  equivalent  of  the  unit  of  work,  and 

if  the  constant  8  be  made  to  enter  into  k,  the  quantity  of  heat 

produced  by  the  current  during  the  time-unit  will  be  equal  to 

AklP 

,  Avhich  is  known  to  be  in  accordance  with  experiment. 

The  calculation  can  be  effected  with  equal  facility,  on  the 
same  principles,  in  the  case  in  which  the  section  and  the  nature 
of  the  conductor  vary  from  one  part  to  another. 

(c/)  With  respect  to  the  production  and  distribution  of  free 
gether  at  the  surface  of  a  galvanic  conductor,  these  can  best  be  . 
explained  in  the  following  manner: — 

Let  us  imagine  a  tube  in  which  a  mass  of  gas  is  set  in 
motion  by  a  force  acting  at  one  extremity,  while  the  gas  can 
issue  freely  at  the  other.  Let  us  assume,  further,  the  resist- 
ance of  the  tube  to  the  motion  of  the  gas  to  be,  as  is  in  reality 
the  case,  proportional  to  the  length  of  the  tube.  If  a?  be  the 
distance  between  a  certain  section-plane  and  the  open  extre- 
mity of  the  tube,  the  resistance  undergone  in  that  plane  by  the 
motion  can  be  put  proportional  to  a;.  We  neglect  altogether 
the  influence  Avhich  may  be  exerted  upon  the  resistance  by  the 
difference  of  density  and  velocity  of  the  gas.  Let  D'  denote 
the  density  of  the  gas  at  the  above-mentioned  plane,  and  D  its 
density  at  the  open  extremity  of  the  tube.  Every  one  knows 
that,  from  the  moment  the  motion  in  the  tube  has  become 
constant,  the  excess  D'  — D  is  proportional  to  a\  The  density 
of  the  gas  therefore  goes  on  increasing  from  the  open  end  of 
the  tube  to  that  at  which  the  force  acts.  Suppose  now  the 
two  extremities  of  the  tube  joined  so  as  completely  to  enclose 
the  moving  mass  of  gas.  The  gas  will  evidently  undergo  in 
one  portion  of  the  tube  an  expansion  equal  to  its  increase  of 
density  in  the  other  ;  and  at  the  transition-point  between  the 
two  portions  it  will  have  the  same  density  as  if  it  were  at  rest. 
If  the  tube  is  everywhere  equal,  this  transition-plane  (neutral 
plane)  will  divide  the  tube  into  two  equal  parts.     At  equal 
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distances  from  this  plane  the  condensation  on  one  side  Avill  be 
equal  to  the   expansion   on  the   other.     If  the   resistance  is 
greater  in  one  part  of  the  tube  than  in  the  other,  the  neutral 
plane  will  be  displaced  towards  the  part  presenting  the  greater 
resistance:  and  the  amount  of  the  displacement  will  be  that 
which  is  requisite  in  order  that  the  resistance  of  the  whole  of 
this  part  (from  the  above-mentioned  plane  to  the  place  where 
the  force  acts)  may  become  equal  to  the  resistance  of  the  other 
part.     If  D  is  the  density  of  the  gas  at  the  neutral  plane,  D' 
the  density  in  a  plane  situated  on  the  side  where  the  gas  is 
condensed,  D'  —  D  will  be  equal  to  am',  in  which  a  is  a  con- 
stant, and  7?i'  is  the  resistance  from  the  neutral  plane  to  the 
plane  in  question.     If  C  represents  the  density  of  the  gas  in 
a  plane  situated  on  the  other  side  of  the  neutral  plane,  D  —  W 
will  in  like  manner  be  equal  to  am'^,  if  ?//'  is  the  i^esistance 
between  these  two  planes. 

These  well-known  propositions  haye  a  direct  application  to 
the  circulating  fcther.  It  possesses  the  properties  of  ordinary 
gases,  in  that  the  mobility  of  its  molecules  is  considerable,  so 
as  to  permit  it  to  exert  equal  pressure  in  all  directions.  The 
fact  that  an  electrified  body  is  endowed  with  the  same  optical 
properties  as  in  its  normal  state  shows,  as  I  have  remarked  in 
the  above-mentioned  memoir,  that  the  elasticity  of  free  aether 
is  proportional  to  its  density.  Therefore  what  has  been  said, 
in  this  investigation  with  regard  to  ordinary  gases  may  also 
be  applied  to  the  aether.  The  only  difference  will  be  that  the 
sether,  whether  compressed  or  expanded,  will  place  itself  at 
the  surface  of  the  galvanic  conductor,  since  the  aether  mole- 
cules repel  each  other. 

Let  us  suppose  a  galvanic  circuit  in  which  an  electromotiye 
force  E  excites  the  motion  of  the  aether  in  one  direction.  The 
aether  will  therefore  become  denser  on  the  side  of  the  electro- 
motive force  towards  which  the  current  goes,  and  be  I'arified 
on  the  other  side. 

The  neutral  plane  will  have  a  position  such  that  the  galvanic 
resistance  from  this  plane  to  the  seat  of  the  electromotive  force 
will  be  equal  in  amount  on  both  sides.  Now  let  i  denote  the 
intensity  of  the  current,  D  the  density  of  the  aether  at  the 
neutral  plane,  or,  what  amounts  to  the  same,  the  density  of  the 
aether  when  it  is  at  rest  ;  let  D',  D"  be  its  density  at  any  two 
planes  on  the  condensation  side,  and  D'o,  D''o  its  density  on 
the  expansion  side  ;  and,  lastly,  let  m',  tnf',  rn'o,  m'\  be  the 
respective  principal  resistances  from  the  neutral  plane  to  the 
planes  above  mentioned.  As  the  resistance  is  proportional  to 
the  intensity  of  the  current,  we  shall  evidently  have 


-(D-o-D)  = 


m"n  i. 
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Now  D'-D,  D''-D,  D'o  -  D,  and  D'^o- Dare  nothing  else 
but  the  differences  between  the  electroscopic  tensions  in  the 
respective  planes,  the  first  two  being  positive,  and  the  last  two 
negative. 

We  obtain,  then,  the  conclusion  that  the  difference  between 
the  electroscopic  tensions  of  tivo  planes  is  proportional  to  the 
intensity  of  the  current,  multiplied  by  the  p)rincipal  resistance 
between  those  planes. 

These  deductions  of  Ohm's  law,  of  the  development  of  heat, 
and  of  the  distribution  of  electroscopic  tension  at  the  surface 
of  the  conductor,  are  applicable  only  to  the  case  in  which  there 
are  solid  and  liquid  bodies  in  the  circuit,  since  only  for  those 
bodies  is  it  proved  that  the  total  resistance  is  proportional  to 
the  intensity  of  the  current. 

§  3. 
The  fact  that  electromotive  force,  or  electric  tension,  need 
not  exceed  a  certain  limit  in  order  that  the  current  may  be 
able  to  pass  through  a  solid  or  liquid  conductor,  depends,  then, 
according  to  the  unitarian  theorv,  on  this — that  the  effective 
resistance  opposed  by  a  conductor  of  that  sort  is  proportional 
to  the  intensity  of  the  current.     If  the  electromotive  force  is 
little,  the  intensity  of  the  current  will  also  be  little,  and  con- 
sequently the  resistance  will  become  so  feeble  that  the  elec- 
tromotive  force   will  be   able   to   overcome   it.     Experiment 
teaches  us  that  it  is  quite  otherwise  with  gases.     To  compel 
the  current  to  pass  through  a  column  of  gas  a  determined 
electric  tension  upon  the  electrodes  between  which  that  column 
is  situated  is  necessary  ;   if  the   tension  is  below  the  above- 
mentioned  limit,  the  current  will  not  pass.     It  is  true  that  the 
insulating  property  exhibited  by  the  gas  must  not  be  attri- 
buted to  its   effective  resistance  alone ;  in  fact  experiments 
have  led  to  the  admission  of  the  rise,  at  the  electrodes,  of  elec- 
tromoti^'e  forces  obstructing  the  propagation  of  the  electricity 
by  the  gas.     If  the  gas  is  nevertheless  sufficiently  dense,  ex- 
periment has  shown  that  the  tension  necessary  for  bringing 
about  a  discharge  is  proportional  to  the  distance  between  the 
electrodes.     The  electromotive  forces  which  have  their  seat 
upon  the  electrodes  having  no  connexion  with  the  distance 
which  separates  the  latter,  it  follows  that,  when  the  gas  has 
sufficient  density,  it  is  chiefly  its  resistance  that  constitutes 
the  true  cause  of  the  discharge  not  taking  place  if  the  electric 
tension  remains  below  a  certain  limit*.     We  arrive,  therefore, 

*  The  resistance  of  the  gas  diminishes  when  it  is  highly  rarefied,  while 
the  electromotive  forces  which  originate  upon  the  electrodes  are  seen  to 
increase ;  but  it  is  not  necessary  to  take  that  circumstance  into  conside- 
ration here. 
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at  the  result  that  the  resistance  opposed  by  a  gas  to  the  pro- 
pagation of  electricity  cannot  be  proportional  to  the  intensity 
of  the  current,  as  is  the  case  with  solid  and  liquid  conductors. 
It  is  quite  as  impossible  to  admit,  with  Hittorf,  that  the  resist- 
ance of  gases  is  in  inverse  proportion  to  the  intensity  of  the 
current ;  for  in  that  case  the  resistance  in  a  column  of  gas 
through  which  an  infinitesimal  current  passes  would  be  infi- 
nite. Now,  at  the  discharge  of  a  condenser,  or  the  closing  of 
a  galvanic  pile,  the  current  is  at  first  excessively  slight.  If 
Hittorf  "s  hypothesis  were  true,  the  resistance  of  the  gas  would 
at  first  be  excessively  great,  and  the  cui-rent  could  not  begin 
to  circulate.  Consequently  the  resistance  of  a  gas  cannot  in 
any  case  be  inversely  proportional  to  the  intensity  of  the  cur- 
rent. It  is  in  the  nature  of  thin(TS  that  the  effective  resistance 
of  a  column  of  gas  should  be  proportional  to  the  length  of  the 
latter.  Therefore,  if  I  denotes  the  length  of  the  column,  and 
r  the  resistance  in  the  unit  ef  length,  the  resistance  will  be 
proportional  to  7-/ ;  and  from  what  has  just  been  said,  r  is 
neither  directly  nor  inversely  proportional  to  the  intensity  of 
the  current  or  to  the  tension  of  the  electrodes.  Quite  the  con- 
trary, experiments  show  that  the  tension  necessary  for  the  dis- 
charge is  proportional  to  /,  whence  it  follows  that  r  is  inde- 
pendent of  the  tension. 

If  we  admit,  in  accordance  with  what  has  been  said  above, 
that  the  resistance  of  gases  is  independent  of  the  intensity  of 
the  current,  all  the  differences  above  stated,  between  gases,  on 
the  one  hand,  and  both  solid  and  liquid  bodies,  on  the  other, 
can  be  accounted  for  by  the  unitarian  theory. 

If  the  resistance  or  counterpressure  opposed  to  the  propaga- 
tion of  the  current  bv  a  column  of  the  gas  of  the  length  1  and 
section  1  be  called  k,  the  total  counterpressure  in  a  similar 
column  having  the  section  a  will  be  equal  to  ka,  not  to  ki  as  is 
the  case  with  both  solid  and  liquid  conductors.  On  multiply- 
ing this  expression  by  the  velocity  h  of  the  electricity,  the 
product  will  be  proportional  to  the  mechanical  work  which  is 
accomplished  in  the  column  during  the  unit  of  time.  Now 
i=Sah,  an  expression  in  which,  as  has  been  said  above,  S  is  a 
constant.     We  obtain,  then,  for  the  work  done  in  a  column  of 

ki 
length  1  and  section  a  the  expression  -k^,  to  which  the  quantity 

of  heat  developed  in  the  same  column  must  be  proportional. 
The  quantity  of  heat  developed  in  a  column  of  gas  will  there- 
fore be  proportional  to  the  intensity  of  the  current,  but  inde- 
pendent of  the  section  of  the  column. 

The  resistance  being  determined  by  the  counterpressure 
which  the  conductor  opposes,  on  the  unit  of  section,  to  the 
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propagation  of  the  electricity,  and  this  counterpressure  being, 
in  gases,  independent  of  the  intensity  of  the  current,  it  is  self- 
evident  that  the  resistance  of  a  column  of  gas  must  be  inde- 
pendent of  its  section. 

The  difference  of  clectroscopic  tension  between  two  points 
in  the  conductor  situated  at  a  certain  distance  from  each  other 
is,  according  to  the  foregoing,  proportional  to  the  resistance 
between  the  same  points.  In  solid  and  liquid  conductors, 
therefore,  the  difference  of  tension  will  be  proportional  to  ri, 
if  r  denotes  the  principal  resistance  between  the  points,  and  i 
the  intensity  of  the  current.  For  gases,  on  the  contrary,  the 
same  difterence  will  be  proportional  to  kl,  in  which  k  has  the 
signification  which  has  just  been  mentioned,  and  I  denotes  the 
distance  between  those  points.  The  difference  of  clectroscopic 
tension  between  two  points  in  a  column  of  gas  must,  then,  as 
has  already  been  proved  by  experiment,  be  independent  of  the 
intensity  of  the  current ;  and  it  can  be  predicted  that  it  will 
also  be  independent  of  the  section  of  the  column,  which,  how- 
ever, has  not  yet  been  confirmed  by  experiment. 

If  r  designates  the  principal  resistance  in  the  part  of  a  closed 
circuit  composed  of  solid  and  liquid  conductors,  R  the  resist- 
ance of  a  column  of  gas  introduced  into  the  circuit,  E  the 
electromotive  force,  i  the  intensity  of  the  current,  and  L  the 
total  length  of  the  conductor,  the  differential  equation  of 
motion  of  the  aether  will  be 

L  ^  =  nE  —  ?iR — nri. 
at 

From  this  equation  we  get,  for  the  case  in  which  the  cur- 
rent has  had  time  to  become  constant, 

.     E-R 


The  resistance  R  of  the  gas  has  therefore  in  reality  its  place 
in  the  numerator,  although,  according  to  the  ordinary  formula 
of  Ohm,  it  ought  to  be  in  the  denominator.  Of  course  E  must 
be  greater  than  R  for  a  current  to  be  possible. 

If,  when  gas  is  introduced  into  the  circuit,  i  and  ?i  denote 
two  different  current-intensities  answering  to  the  resistances 
r  and  ri  of  the  solid  and  liquid  conductors  introduced  into  the 
circuit,  and  if  M  and  Mi  are  the  resistances  necessary  in  order 
to  produce  the  same  current-intensities  when  the  gas  is  ex- 
cluded from  the  circuit,  Ave  get 

._E-R_E 
'~      r      ~M 
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and 


whence 


H 


.  _E-R_  E 
r       M        M- 


i       r-i      Ml      Mi-ri 

If,  as  was  done  in  the  calculation  of  Becquerel's  experi- 
ments, M— r  and  M^  — ^i  were  made  to  signify  the  resistance 
of  the  gas  at  two  different  current-intensities,  the  resistance  of 
the  gas  would  be  found  inversely  proportional  to  the  intensity 
of  the  current^  although  in  reality  it  is  independent  of  that 
intensity. 


XXIV.    On  the  Violet  Phosphorescence  in  Calcium  Sulphide. 
By  Captain  W.  de  W.  Abney,  F.R.S* 

IN  some  investigations  in  photography  it  be(;ame  necessary 
that  I  should  study  the  phenomenon  of  phosphorescence 
exhibited  in  calcium  sulphide,  such  as  is  employed  in  Bal- 
main's  paint.  And  as  one  or  two  points  of  interest  arose  which 
have  not  (as  far  as  I  am  aware)  been  described  before,  I 
have  thought  it  might  be  of  interest  to  lay  the  subject  before 
the  Society. 

The  phosphorescent  light^  which  is  a  peculiar  violet,  can  be 
generated,  if  I  may  use  the  term,  by  day-light  or  candle-light 
— by  the  former  fairly  brightly,  and  by  the  latter  only  feebly, 
.for  reasons  which  will  appear.  In  order  to  gain  strong  phos- 
phorescence, the  light  from  a  magnesium-ribbon  or  the  electric 
light  should  be  employed.  Mr.  Warnerke  has  shown  that  \ 
inch  of  ribbon  of  the  former  is  sufficient  to  excite  phospho- 
rescence to  the  maximum  point  that  can  be  obtained  from 
light  of  that  brilliancy.  Light  of  greater  brightness,  how- 
ever, seems  to  excite  it  even  more  strongly.  In  a  communi- 
cation made  to  the  Society  by  Lieut.  Darwin,  R.E.,  he  gave 
the  formula  for  the  decrease  of  phosphorescence  after  exci- 
tation, from  which  it  will  be  seen  that  it  very  rapidly  dimi- 
nishes in  brilliancy. 

My  first  experiment  was  to  determine  the  spectrum  of  the 
emitted  light ;  and  this  I  observed  with  a  small  spectroscope ; 
and  the  emission-spectrum  is  shown  in  I,  figure  opposite.  It 
will  be  seen  that  to  the  eye  the  greatest  luminosity  is  between 
G  and  F,  and  a  feebler  one  extending  from  between  E  and  F 

*  Communicated  by  the  Physical  Society,  having  been  read  at  the 
Meeting  on  Januaiy  28,  1882. 
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as  far  as  the  eye  can  recognize  colour  of  low  intensity  towards 
the  red.  It  became  a  matter  of  curiosity  to  know  if  any  rays 
lay  beyond  the  violet ;  and  for  this  purpose  an  Iceland-spar 
prism  and  quartz  lenses  to  the  collimator  and  camera  were 
brought  into  requisition,  together  with  extremely  sensitive 
photographic  plates.  Glass  was  spread  with  a  layer  of  this  sul- 
phide and  held  together  by  paraffin  as  a  substratum  ;  the  phos- 
phorescence was  excited  by  the  electric  light,  and  the  tablet 
held  in  front  of  the  slit.  The  exposure  lasted  one  minute,  when 
the  phosphorescent  tablet  was  again  excited,  and  used  as  a 
source  of  light  as  before.  After  forty  such  excitations  the  pho- 
tographic plate  was  developed  ;  and  a  band  (shown  in  11.)  was 
registered,  Avhich  absolutely  coincided  with  the  band  already 
registered  in  the  visible  spectrum.  There  was  no  trace  of  any 
radiation  havino-  wave-lenoths  in  the  ultra-violet.  Whether 
there  is  any  radiation  below  the  red  is  a  moot  point ;  but  from 
the  gradually  increasing  brightness  of  the  spectrum  in  the 
yellow,  it  seems  probable  that  there  is  such. 

The  next  point  to  ascertain  was  the  part  of  the  spectrum 
which  excited  phosphorescence.  A  tablet  similarly  prepared 
was  exposed  to  the  spectrum  of  the  electric  light,  which 
showed  carbon-bands  strongly  just  above  H,  and  also  in  the 
violet  near  G.  A  sensitive  photographic  plate  was  placed 
in  contact  with  the  tablet,  and  allowed  to  remain  in  contact 
40  seconds,  after  which  it  was   developed.     Ill  shows  the 


locality  of  the  spectrum  by  which  phosphorescence  was  ex- 
cited. This  agreed  absolutely  with  the  visual  observations. 
The  exact  locality  was  fixed  by  the  carbon-bands  above  alluded 
to,  and  also  by  comparing  it  with  a  sensitive  photographic 
plate  exposed  in  the  ordinary  manner.  It  will  be  noticed  that 
the  ultra-violet  rays  do  not  seem  to  cause  phosphorescence  in 
this  case. 

It  now  remained  to  register  those  rays  which  destroy  the 
phosphorescence.  This  was  effected  in  the  following  manner: — 
A  tablet  was  first  excited,  and  after  half  a  minute  exposed  to 
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the  spectrum  :  those  rays  which  destroyed  phosphorescence 
were  distinctly  visible,  as  were  also  those  which  excited  it. 
The  tablet  was  placed  in  contact  with  a  sensitive  plate  and  de- 
veloped. The  wave-lengths  were  determined  by  placing  a 
liquid  in  front  of  the  slit  and  noting  the  place  where  the 
known  absorption-bands  in  the  infra-red  region  occurred, 
which  is  here  shown  by  these  localities  remaining  of  the  same 
luminosity  on  the  tablet  surrounding  the  impressed  spectrum. 
The  rays  which  destroy  phosphorescence  of  this  description 
are  shown  in  IV.  It  will  be  noted  that  in  the  infra-red 
region  is  a  portion  which  does  not  destroy  it.  When  the  wave- 
lengths of  this  are  compared  with  the  wave-lengths  of  the  exci- 
ting portion  about  G  and  H,  it  is  found  that  tliey  are  octaves 
one  to  another.  (In  the  figure  the  infra-2'ed  region  is  much 
compressed,  owing  to  the  spectrum  used  being  a  prismatic 
spectrum.) 

This  fact  appears  remai-kable  and  worthy  of  note.  My  own 
impression  is  that  another  band  below  this  may  also  be  traced; 
but  as  it  was  not  shown  upon  the  photographic  plate,  I  have  not 
mapped  it.  Such  a  baud  would  probably  be  another  octave 
below  the  second  band.  It  should  be  noted  that  the  infra-red 
band  apparently  is  of  the  same  luminosity  as  the  general  lumi- 
nosity of  the  plate,  and  that  these  rays  only  feebly  excite  the 
plate. 

I  have  endeavoured  to  make  out  any  spectral  difference  in 
the  light  excited  about  H  and  about  Gr,  and  have  failed  to 
obtain  evidence  as  to  any  alteration  in  colour.  It  seems  in- 
different whether  phosphorescence  be  excited  by  the  indigo  or 
by  the  violet  rays. 

I  am  at  present  engaged  upon  other  phosphorescent  material. 


XXY.  jy^otices  respecting  New  Boohs. 

Legons  sur  V Llectricite  et  le  Magnetisme.     Par  E.  Mascaet  et  J. 
JouBEET.     Tome  I.     Paris :  G.  Masson.     1882, 
^|"^HIS  is  a  work  whose  value  is  not  to  be  judged  on  its  absolute 

JL  merits,  though  these  are  in  many  places  of  a  high  order.  Like 
the  former  treatise  by  M.  Mascart,  it  is  to  be  looked  on  as  intended 
to  fill  an  almost  absolute  gap  in  modern  French  scientific  literature. 
The  nation  that  once  could  boast  of  Fourier,  Lagrange,  Laplace, 
and  Poisson,  has  never  since  been  without  Avorthy  representatives 
in  the  front  ranks  of  mathematicians.  Galois,  Cauchy,  Levorrier, 
and  Chasles  are  names  never  to  be  forgotten ;  and  the  veteran 
Liouville,  with  De  Saint- Venant,  Hermite,  and  others,  still  uphold 
in  that  department  the  prestige  of  the  Academy  of  Sciences.  But 
the  successors  of  Ampere  and  Sadi  Carnot — masters  of  the  still 
higher  art  of  applying  mathematical  reasoning  to  new  fields  of 
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physics — must  now  be  sought  in  Britain  and  in   Germany  rather 
than  in  IVance ;  the  newer  great  branches  of  Applied  Mathematics 
have  been,  till  I'ecently,  almost  ignored  there.     The  Theory  of  Heat 
has  remained,  so  far  as  France  is  concerned,  almost  confined  to  the 
region  so  thoroughly  and  so  charmingly  explored  by  Fourier ;  the 
real  value  of  Carnot's  wonderful  treatise  was  first  pointed  out  by 
Thomson.     That  treatise  has  supplied  the  Second  Law  of  Thermo- 
dynamics, and  some  of  the  grandest  scientific  generalizations  ever 
made.     But  this  was  not  done  in  France.     Ohm's  little  adaptation 
(to  electricity)  of  one  of  the  merest  elements  of  Fourier's  great 
work  has  been  developed  in  Britain  and  in  Germany  into  one  of 
the  most  extensive  and  most  rapidly  growing  branches  of  physics 
—  profoundly  valuable  alike  in  theory  and  in  practice — which,  till 
quite  I'ecently,  was  pi'actically  known  only  in  its  beggarly  elements 
to  the  most  illustrious  of  French   scientific  men.     Some  detached 
portions  of  Faraday's  splendid  discoveries  were  no  doubt  developed 
in  France,  but  only  as  isolated  facts ;  the  grand  chain  of  deductive 
reasoning  by  which  he  was  led  to  them,  and  by  which  he  coordinated 
them,  was  almost  completely  ignored.     Where  shall  we  seek  for  a 
modern  French  work  containing  any  thing  new  on  Vortex-motion, 
on  Discontinuous  Fluid-motion,  on  the  Kinetic  Theory  of  Gases, 
or  on  the  theories  of  Anomalous  Dispersion  or  of  Fluorescence  ? 
Where  for  a  contribution  to  the  more  modern  treatment  of  the 
size  of  the  grained  structui-e  of  matter  ?    The  best  of  recent  French 
scientific  men  seem  to  have  been  content  to  work  only  on  some 
of  the  lines  of  some  of  their  more  illustrious  predecessors.     Fizeau, 
Foucault,  and  Cornu  are  worthy  successors  of  Fresnel ;  but  Ampere 
has  had  no  successor  in  France.     All  countries  appear  to  pass 
through  these  peculiar  phases  of  arrested  development.     Newton's 
grand   achievements  effectually  paralyzed,  for  a  century  at  least, 
the  progi'ess  alike  of  pure  mathematics  and  of  the  true  theory  of 
light,  so  far  as  his  o\An  countrymen  were  concerned.     Young's  bril- 
liant career  made  ample  amends  for  this  in  the  matter  of  the  Theory 
of  Light ;  but  we  had  to  take  our  mathematics  from  France  and 
Germany  in  the  first   quarter  of  the  present  century.     It  \\ould 
seem  that  it  is  next  to  be  Germany's  turn  for  a  partial  eclipse  of  a 
similar  kind.     Gauss  and  Eiemann  have  made  possible  the  exist- 
ence there  of  names  as  gi-eat  as  their  own — Helmholtz  and  Kirch- 
hoff ,  for  instance  ;  but  the  men  of  the  rising  generation  seem  to  be 
satisfied,  lilvo  the  French  for  the  last  fifty  years,  or  like  the  British 
for  a  century  after  Newton,  merely  to  s^\  ear  by  (and  comment 
upon),  \Aliile  infinitesimally  extending,  the  words  of  their  own  pre- 
sent ifasters.     It  is  this  self-containedness,  so  to  speak,  that  arrests 
the  growth  of  science  in  a  nation.     The  human  family,  in  its  every 
branch,  needs  all  the  help  it  can  get  from  the  other  branches  ;  and 
the  real  reason  for  France's  present  deficiency  in  the  theories  of 
Heat  and  Electricity  is  its  fatal  neglect  of  every  thing  not  written  in 
French. 

The  recovery  in  France,  first  seriously  set  afoot  by  the  lamented 
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A^erdet,  seems  now  reall_y  likely  to  progress  ;  and  all  men  of  science 
will  hail  with  satisfaction  the  well-conducted  efforts  which  M. 
Mascart  has  made  to  promote  it.  T\"hat  an  enviable  position  he 
occupies  !  To  be  the  first,  or  practically  the  first,  to  instruct  his 
countrymen  in  the  great  life-work  of  Clerk-Maxwell !  to  open  to 
them  the  storehouses  filled  to  overflowing  with  marvels  by  Helm- 
holtz  and  Thomson !  to  show  them,  once  for  all,  that  great  as  may 
be  the  services  of  an  individual,  or  even  of  a  race,  science  progresses 
\Wth  almost  infinitely  greater  rapidity  by  the  mutual  action  between 
individuals  and  between  races — the  more  widely  different  they  are 
the  better  I 

After  what  we  have  said,  it  would  be  improper  to  formally  criti- 
cise the  work  before  us.  Almost  all  of  its  contents  have  been  long 
known  to  those  whom  they  concern,  alike  here,  in  Germany,  aud 
even  in  Italy.  AA'hen  Babbage,  Herschel,  and  Peacock  introduced 
the  more  modern  mathematics  into  England,  they  contented  them- 
selves with  inodestly  translating  Lacroix's  work ;  and  we  might  be 
tempted  to  think  that  a  translation  of  Clerk-Maxwell's  '  Treatise  on 
Electricity '  would  have  been  a  greater  boon  to  France  than  the  pre- 
sent work.  But  a  large  amount  of  the  matter  of  that  work  is  here  ; 
and  that,  after  all,  is  the  chief  question.  It  is  too  much  overlaid, 
however,  with  details  of  small  contributions  to  the  science,  whose 
place  might  advantageously  have  been  supplied  by  theorems  of  a 
higher  value.  There  is  therefore,  here  and  there,  rather  a  super- 
fluity of  sack  I  But  the  authors  seem  to  have  mastered  fully  the 
leading  features  of  the  most  modern  treatment  of  the  subject;  and 
they  have  put  these  in  forms  (always  clear  and  neat  as  it  is  the 
peculiar  privilege  of  their  countrymeu  to  be  able  to  do,  while)  some- 
times considerably  improved  from  those  in  ordinary  use  either  here 
or  in  Germany.  One  great  defect,  however,  we  cannot  pass  over. 
This  is  the  absolute  want  of  references  to  the  various  original 
sources  of  information,  though  of  course  the  authors  are  named. 
This  is  totally  indefensible.  Without  occasional,  and  often  fre- 
quent, study  of  original  memoirs,  little  good  progress  can  be  made ; 
and  a  iew  additional  pages  would  have  added  infinitesimally  to  the 
cost  of  so  large  a  work,  while  enormously  increasing  its  value. 

"We  do  not  suppose  that  the  work  is  likely  to  have  much  circula- 
tion out  of  France  ;  but  that  is  of  little  moment.  Let  us  hope  that 
M.  Mascart's  countrymen  will  avail  themselves  of  this  excellent 
opportunity  of  attaining  the  higher  level  of  this  fascinating  subject, 
which  is  at  present  temporarily  occupied  by  some  of  their  neigh- 
bours. Once  raised  to  that  level,  they  are  veiy  unlii^ely  (if  the  past 
furnishes  any  criteinon)  soon  to  fall  again  below  it.  There  seems 
to  be  little  doubt  that  it  is  from  the  point  of  view  furnished  by 
electrical  phenomena,  properly  coordinated  and  comprehended,  that 
the  next  really  great  advances  in  physical  science  are  to  be  looked 
for.  He  who  discovers  the  true  mechanism  of  friction,  of  thermo- 
electric currents,  and  of  electric  inertia,  will  take  a  step  of  quite  as 
important  a  character  as  that  which  Xewton  took  with  regard  to 
Gravitation  or  Huygheus  with  regard  to  Light. 
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All  Old  Chapter  of  the  Geological  Record  with  a  New  Interpretation, 
or  Rock  Metamorphism  {especicdhj  the  Methylosed  himl),  and  its 
resultant  Imitations  of  Organisms :  luitJi  an  Introduction,  giving  an 
Annotated  History  of  the  Controversrj  on  the  so-called  Eozoou  caiia- 
dense,  and  an  Appendix.  Bg  Professors  W.  Ki:xg,  Sc.D.  ^'c,,  and 
T.  H.  RowNET,  Ph.D.  ^-c.  Loudon  :  Vau  Yoorst. 
The  present  volume  is  the  latest  outcome  of  the  Eozoon  contro- 
versy. It  commences  with  an  introduction  of  fifty-seven  pages, 
more  than  one  fourth  of  the  whole  book,  giving  an  epitome 
of  the  literature  (already  formidable)  which  the  discovery,  rather 
less  than  a  quarter  of  a  century  since,  of  this  supposed  fossil  has 
already  evoked.  The  different  publications  are  arranged  m  chrono- 
logical order,  with  abstracts  of  their  principal  contents.  This  is  a 
valuable  part  of  the  authors'  work,  and  will  form  a  useful  compen- 
dium of  the  literature  of  the  subject.  It  would,  however,  have 
been  still  more  valuable  had  it  not  been  annotated,  or  if  Messrs.  King 
and  Eowney  had  been  able  to  refrain  from  passing  sarcasms,  which 
are  often,  to  say  the  least,  in  bad  taste,  and  occasionally,  from  their 
obvious  unfairness,  arouse  in  the  reader's  mind  a  feeling  of  scepti- 
cism as  to  whether  the  authors  could  possibly  do  justice  to  the 
views  of  an  adversary.  They  may  no  doubt  plead  in  extenuation 
that  they  are  not  the  only  sinners  in  this  respect,  perhaps  that  they 
were  not  the  first  to  import  bad  temper  into  a  scientific  discus- 
sion ;  at  the  same  time,  they  would  certainly  have  impro\ed  their 
position,  if  they  had  ])reserved  their  equanimity  in  the  historical 
part  of  their  work,  and  reserved  their  sueers  and  retorts  for  the 
more  controversial  portion. 

The  work  itself  discusses,  after  two  or  three  preliminary  chap- 
ters on  "  ophites "  in  general,  some  wider  questions  concerning 
mineralized  and  methylosed  metamorphic  rocks.  By  the  former  of 
these  terms  is  meant  a  rock  which  has  had  "  the  original  substance 
of  its  members  crystallized  into  minerals  of  various  kinds  ;''  by  the 
latter,  one  which  has  had  "  the  same  minerals  altered  or  replaced  by 
chemical  reactions."'  The  distinction — which,  howevei',  is  perfectly 
well  known  to  all  petrologists,  though  the  authors  seem  to  treat  it 
as  if  it  ^^•el'e  a  discovery — is  undoubtedly  an  important  one,  though 
ill  practice  it  is  often  by  no  means  easily  maintained ;  and  we  may 
consequently  doubt  whether  it  was  worth  while  cumbering  the  lite- 
rature of  science  with  another  word  of  foreign  origin.  The  work 
next  passes  on  to  discuss  the  origin  of  ophites.  Here  the  authors 
point  out  that  serpentinization  is  effected  in  certain  deposits  with- 
out the  intervention  of  mineralization  ;  that  many  ophites  were 
originally  sediments,  others  igneous  rocks ;  and  discuss  the  origin 
of  hemithrene  and  other  related  calcitic  rocks.  Then  comes  a 
chapter  on  the  minerals  characteristic  of  ophites  and  x-elated  rocks, 
especially  of  peridote,  followed  by  some  on  the  origin  of  crystal- 
line limestones,  dolomites,  &c.,  and  on  the  age  of  ophites. 

A  lengthy  appendix  follows,  treating  of  various  questions,  some 
of  them  rather  remotely  connected  with  the  subject-matter  of  the 
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book.  Que  of  these  also  exhibits  the  authors'  fouduess  for  "  com- 
fortable words  *'  from  tongues  not  generally  understood  by  the 
Aulgar,  as  it  is  entitled  Thalassa  and  Xera  in  the  Permian  Period. 
We  are  doubtless  glad  to  learn  that  Messrs.  King  and  Eowney 
understand  Gree]<,  or  at  any  rate  know  enough  of  it  to  use  an 
English-Greek  lexicon ;  but  we  fail  to  see  why,  in  this  matter,  plain 
English  would  not  have  equally  well  expressed  their  meaning. 

The  \\-ork  is  illustrated  by  nine  plates  and  some  woodcuts.  The 
latter  are  only  diagrammatic  ;  the  former  are  far  from  well  executed. 
T\Tiether  this  is  the  fault  of  the  authors  or  of  their  lithographers 
we  are,  of  course,  unable  to  decide ;  we  may,  however,  say  that  in 
other  cases  where  we  have  found  our  leaning  (to  which  we  confess) 
towards  the  organic  origin  of  Eozoon  somewhat  shaken  by  their 
assertions  and  arguments,  we  have  felt  our  faith  is  refreshed  by 
turning  to  their  illustrations,  which  represent  structures,  like  those 
upon  which  Dr.  Hahn*  has  lately  expended  so  much  pains,  which 
to  our  eyes  have  only  a  rough  general  resemblance  to  those  unques- 
tio2iably  organic,  or  claimed  as  such,  in  the  best  specimens  of  Eozoon. 

The  book,  we  may  add,  is  not  well  edited.  A  long  list  of  corri- 
fjenda  is  given :  and  there  are  seAei*al  other  mistakes  which  have 
altogether  escaped  the  authors'  notice.  Some  are  no  doubt  merely 
printer's  errors  ;  but  others  are  sufficiently  grave  to  show  a  want  of 
due  care  in  passing  the  work  through  the  press. 

We  do  not  purpose  in  our  present  notice  to  enter  into  the  vexed 
question  of  the  nature  of  Eozoon  canadense,  further  than  to  say 
that  the  present  work  contains  a  very  full  statement  of  the  authors' 
reasons  for  believing  it  to  be  only  a  mineral  structure ;  and  a  large 
amount  of  curious  and  instructive  matter  is  brought  together  which 
deserAes  to  be  well  considered  by  those  who  incline  to  the  other 
view. 

We  pass  on,  then,  to  some  questions  of  a  more  general  nature 
]-aised  by  the  present  work.  First,  as  to  the  classification  of 
ophites  in  the  opening  chapter,  which  is  "  offered  indeed,"  as  they 
state,  "  more  for  practical  purposes  than  as  being  a  natural  one, 
though  it  is  not  altogether  devoid  of  the  last  character."  It  is  as 
follows  : — 

A.  SiLACiD  Ophites. 
Serpentinytes. 

Talc  schist,  Eensselaeryte  (potstone). 
Sepiolytes,  Magneso-argillyte  ("Argille  magnesienne,"  Delessc). 

*  In  reference  to  this  we  may,  in  passing,  note  a  paragi-aph  in  the 
American  journal  'Science/  which  states  (vol.  ii.  p.  410j  that  i)r.  Hahn 
exhibited  his  slides  to  Mr.  C.  Darwin,  who  had  no  sooner  "  peered  through 
the  microscope  on  one  of  the  finest  specimens,  when  he  started  up  from 
his  seat  and  exclaimed  'Almighty  God  I  what  a  wonderful  discovery! 
wonderful ! '  and  after  a  pause  of  silent  reflection  he  added,  '  Now  reaches 
life  down ! '  "  A  story  so  circumstantial  one  would  think  must  needs  he 
true;  but  we  have  the  beet  authority  for  characterizing  it  as  simply 
fabulous. 
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a.  Sub~nlackl  Ophites. 
Chlorargillyfes. 
Agalmatolytes. 

Chlorite-schists,  Hvdro-phlogopite  schists. 
Talc  gneisses  (Protogines). 

Peridolytes*  (Lherzolyte,  Duayfce,  Picryte,  Ossipyte,  &c.) 
Ophi-euphotides. 

B.    SiLO-CAEBACID  OPHITES. 

Ophi-calcites. 

Ophi-magnesites. 

Ophi-dolomites. 

b.  Suh-silo-cnrhacid  Ophites. 
Malacolophytes. 
Hemithreues. 
Calci-micaschists. 
&c.         &c. 

Putting  aside  all  questions  as  to  the  nature  of  Eozoon,  we  con- 
fess ourselves  entirely  at  a  loss  to  understand  tlie  principle  of  this 
classification.  Clearly  it  is  neither  petrological  nor  mineralogical. 
In  a  work  purely  chenaical,  an  arrangement  which  depends  solely 
on  chemical  composition  might  be  allowable.  In  certain  cases  also 
it  might  be  of  advantage  to  pay  regard  solely  to  mineral  consti- 
tuents ;  but  inasmuch  as  the  scope  of  the  authors'  work  is,  to  say 
the  least,  distinctly  petrological,  we  must  protest  against  one  which 
groups  together  rocks  which  not  only  differ  markedly  in  structure, 
but  also,  by  the  authors'  own  admission,  are  sometimes  of  igneous, 
sometimes  of  sedimentary  origin.  Further,  we  are  at  a  loss  to  de- 
termine what  prmciple  underlies  the  above  classification.  At  first 
we  supposed  it  to  be  chemical,  and  that  Ophite,  in  the  authors' 
minds,  was  equivalent  to  "  a  rock  characterized  by  the  presence  of 
minerals  containing  silicate  of  magnesia,"  i.  e.  in  which  this  is  an 
important  constituent ;  but  we  are  baffled  by  finding  among  the 
members  (and  that,  too,  next  the  '•  Peridolytes," — ?'.  e.  rocks  con- 
sisting mainly  of  siKcate  of  magnesia),  talc-gneisses  (Protogines). 
In  the  latter,  if  the  authors  use  the  word  Protogine  in  the  ordinary 
sense  (t.  e,  to  designate  such  a  rock  as  we  find  in  the  heart  of  the 
Mont  Blanc  massif),  even  the  presence  of  talc  is  disputed  by  some 
authorities,  and  in  any  case  it  is  certainly  subsidiary ;  for  the  per- 
centage of  magnesia,  in  all  the  analyses  which  we  have  seen,  is 
extremely  small.  Such  a  classification,  then,  rests  on  no  principle 
whatever,  and  is  only  calculated  to  throw  the  student  into  hopeless 
confusion,  traces,  indeed,  of  whicb  are  to  be  detected  in  the  book 
itself.     The  authors  do  not  appear  to  have  clearly  made  up  their 

*  We  are  at  a  loss  to  understand  why  the  authors  persistently  wi-ite 
this  word  as  aboA-e.  The  recognized  textbooks  always  have  it  Peridotite, 
or  (to  follow  another  spelling  of  the  authors  in  which  they  are  not  always 
consistent)  Peridotyte  ;  and  as  it  is  named  from  the  mineral  Peridote,  this 
seems  the  only  possible  orthography.     Is  this  an  example  of  methi/losis  ? 
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minds  as  to  what  is  meant  by  the  word  serpentine.  For  this  there 
is,  no  doubt,  excuse  in  the  fact  that  few  names  have  been  used  more 
vaguely :  the  unfortunate  accident  that  the  same  name  has  been 
applied  to  a  mineral  and  a  rock  (an  accident  which  the  authors 
themselves  attempt  to  remedy  in  the  case  of  dolomite,  and  should 
in  very  consistency  have  done  in  this  also)  has  tended  much  to  cause 
this  confusion.  It  has  been  augmented  by  the  general  neglect  of 
petrology  by  English  geologists ;  we  had  almost  written  the  con- 
tempt, all  but  expressed  for  it,  by  not  a  few  of  the  more  eminent 
among  them.  It  has  been  further  augmented  by  the  fact  that  rocks 
which  chemically,  mineralogieally,  and  sometimes  petrologically, 
widely  differ  from  true  serpentmes,  to  the  unaided  eye  resemble  the 
latter ;  so  that  a  rock  which  is  only  serpentiuous  may  often,  at 
first  sight,  be  mistaken  for  a  serpentine, — this  being  a  rock  consist- 
ing chemically  of  about  39  per  cent,  of  silica,  36  per  cent,  of  mag- 
nesia, with  probably  about  12  per  cent,  of  water,  and  7  per  cent,  of 
iron  oxides, and  rather  variable  quantities  (usually  not  exceeding,  and, 
except  in  the  case  of  the  first,  almost  always  less  than  2  per  cent.) 
of  alumina,  lime,  nickel,  &c. — a  rock,  in  short,  which,  chemically, 
lithologically,  and  petrologically  may  be  represented  by  the  serpen- 
tme  of  the  Lizard.  There  being  then  such  a  tj^e  in  not  a  few  regions, 
a  nomenclature  Mhieh  neglects  it,  and  a  classification  like  the  above, 
appear  to  us  as  objectionable  and  as  fatal  to  all  progress  in  petro- 
logy as  it  \vould  be  to  put  a  basalt  with  a  clay  slate,  because 
examples  might  be  found  containiiig  about  the  same  proportion  of 
alumina :  indeed  we  are  much  perplexed  at  not  finding  the  former 
rock  inserted  in  the  above  classification,  seeing  that  it  certainly 
contains  a  considerable  percentage  of  magnesia. 

An  instance  of  the  confusion  which  the  above  hazy  definition  of 
ophites  has  caused  in  the  minds  of  the  authors  themsehes  (or  pos- 
sibly a  proof  of  their  inability  to  view  a  question  judicially)  may 
be  found  in  their  introduction  (p.  xliv),  where  they  state  they  are 
unable  to  understand  how  a  writer  can  "  believe  in  the  organic 
nature  of  Eozoon "'  and  yet  assert  "  that  he  has  never  seen  a  ser- 
pentine which  was  not  inti'usive."  To  this  they  append  the  remark, 
it  "  is  a  puzzle  to  us,  as  it  must  be  to  Eozoonists,  considering  that 
their  doctrine  is  based  on  the  sedimentary  or  aqueous  deposition  of 
eozoonal  serpentines.  But  is  not  eozoouism  full  of  inconsistencies  ?  " 
Any  careful  reader  will  see  at  a  glance  that  the  guarded  statement 
in  the  last  clause  is  not  equivalent  to  saying  "  there  is  no  serpen- 
tine which  is  not  intrusive."  The  context  also  of  the  letter  quoted, 
and  every  paper  which  we  can  remember  published  by  the  author 
cited,  always  uses  the  term  serpentine  in  the  strict  sense  mentioned 
above.  Further,  there  is  no  more  inconsistency  in  belie-\-ing  that 
serpentine  (mineral)  may  occur  sometimes  in  a  rock  of  igneous, 
sometimes  of  "aqueous"  origin  (assuming  that  the  mineral  in  the 
eozoonal  "  ophicalcites  "  is  serpentine)  than  in  stating  that  quartz- 
crystals  are  found  both  in  trachytes  and  in  the  interior  of  organisms 
in  Cretaceous  deposits.  Indeed,  if  we  remember  aright,  the  above 
author  has  been  at  some  pains  to  show  that,  even  in  the  true  ser- 
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pentine  rock,  the  mineral  is  a  secondary  product.  This  confusion 
is  continued  in  the  authors'  speculations  as  to  the  origin  of  such 
serpentines  as  that  o£  the  Lizard.  It  has  been  sho\\n  during 
the  last  few  years  by  several  independent  obser\ers  that,  che- 
mically and  microscopically,  there  are  tlie  strongest  reasons  for 
believing  that  these  serpentines  are  in  all  cases  altered  peridotites. 
The  process  of  transition  from  the  wholly  unaltered  olivine  rock  to 
that  in  which  every  characteristic  structure  of  the  oli\  ine  has  been 
obliterated  has  been  laboriously  traced  and  described :  yet  Messrs. 
King  and  Rowney  simply  reiterate  their  ojjinion,  that  it  has  been 
derived  by  methylosis  from  a  "dolerite  (wacke  or  melaphyre)  like 
that  of  Bufaure  in  the  Tyrol"  *.  No  suggestions  are  made  as  to  the 
means  by  which  the  large  percentage  of  silicate  of  alumina  (neces- 
sarily present  in  the  felspar  of  a  dolerite,  and  usually  a  very  obsti- 
nate constituent,  declining  to  yield  to  this  kind  of  metliylotic  action) 
has  been  removed ;  and  but  little  confirmatory  evidence  is  adduced 
beyond  the  vague  statements  of  authors  who  lived  before  the  micro- 
scope was  applied  to  petrology.  In  the  same  hasty  \\  ay,  the  bron- 
zite  crystals  in  the  Lizard  serpentine  are  held  to  be  pseudomorphs 
after  black  augite  ;  and  a  chemical  and  microscopical  demonstration 
that  they  cannot  be  distinguished  (allowing  for  partial  hydration) 
from  A'arieties  of  enstatite  is  cited  as  confirmatory  of  their  idea 
that  the  "  crystals  are  pseudomorphs  of  chlorite  after  augite." 

We  do  not  deny  the  possibility  of  the  alteration  of  augite  into  a 
mineral  ^hich  might  be  mistaken  for  enstatite  or  bastite  ;  but  after 
a  considerable  experience  in  the  microscopic  study  of  augite  and  its 
changes,  we  could  not  accept  the  statement  without  a  clear  demon- 
stration. 

The  above  case,  however,  is  simply  illustrative  of  a  tendency 
which  runs  through  and  vitiates  the  whole  work,  viz.  to  postulate 
the  very  points  which  are  of  vital  importance  to  the  argument,  and 
which  are  denied  by  not  a  few  authorities  at  least  as  experienced  as 
the  authors  themselves.  The  following  ai'e  a  few  instances  of 
begging  the  question  : — Augite  and  hypersthene  are  placed  among 
mineral  species  "common  to  ordinary  metamorphics."  The  authors 
are  surely  aware  that  at  any  rate  normal  augite  cannot  be  called 
common  in  metamorphic  rocks,  and  that  the  metamorphic  origin 
of  any  important  mass  of  hypersthene  rock  is  a  matter  of  dispute. 
The  "green  marble  of  Connemai'a  "  is  assumed  to  be  post- Archaean, 
and  the  Upper  Gneiss  series  of  Scotland  Lower  Silmian;  but  the 

*  The  authors' remark  about  the  opinion  that  "ophite,  or  its  essential 
component  serpentine,"  has  orio'iuated  from  peridotic  rock,  is  in  itself  a 
proof  of  their  hasty  way  of  looking  at  an  adverse  opinion.  "  It  cannot  be 
denied  that  the  common  occurrence  at  Suarura  of  pseudomorphs  of  ser- 
pentine after  peridote,  and  the  frequent  association  of  the  two  minerals  in 
other  places,  may  be  taken  as  good  evidence  in  favour  of  this  view;  hut 
it  would  be  just  as  reasonable  to  assume  that  basalt,  because  it  usually 
contains  a  large  proportion  of  peridote,  was  generated  out  of  masses  of  this 
mineral."  Just  as  reetsonabh  !  Is  there  any  evidence  of  the  replacement 
of  ohvine  by  a  lime-felspar,  accompanied,  too,  as  it  would  here  be,  by  an 
entire  change  of  the  intimate  structure  of  the  rock  ? 
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age  of  all  the  metaDiorphic  rocks  of  Scotland  and  Ireland  must  be 
regarded,  after  the  conflicting  statements  of  the  last  few  years,  as 
still  an  open  question ;  and,  though  the  authors  are  more  cautious 
here,  we  may  extend  the  remai-k  to  their  comments  as  to  the  Alpine 
gneisses  and  schists.  While  on  that  topic,  we  may  note  that  they 
appear  to  be  ignorant  that  the  metamorphism  of  the  great  dolo- 
mitic  masses  of  the  Tyrol  differs  greatly  from  that  of  the  Alpine 
gneisses  and  schists.  Indeed,  unless  it  be  proved  that  the  magne- 
sian  constituent  is  the  result  of  raethylosis,  these  masses  are  no 
more  metamorphic  than  most  of  the  British  Carboniferous  lime- 
stone. In  fact  they  are  just  as  much  and  just  as  little  metamor- 
phosed as  the  Permian  dolomites  (ou  which,  by  the  way,  the  authors 
make  some  valuable  remarks  which  are  a  real  contribution  to  the 
perplexing  history  of  this  rock).  A  similar  want  of  caution  cha- 
racterizes the  following  remark  : — "  Studer  long  ago  discovered  am- 
monites and  belemuites  in  a  similar  but  less  crystalline  deposit  (that 
is,  a  crystallized  limestone  associaled  with  gneiss  on  the  Jungfrau), 
lying  between  gneisses  at  Mettenberg,  near  Grindelwald  "  (p.  32). 
Those  who  know  the  region  will  hesitate  to  accept  the  apparent 
induction  without  clearer  evidence  than  is  generally  produced  in  this 
and,  we  may  add,  other  cases.  Some  also  of  the  citations  of  opi- 
nions, apparently  favourable,  are  only  true  when  the  word  "ophite  " 
is  used  in  the  vague  sense  in  which  the  authors  employ  it. 

We  had  purposed  to  comment  upon  two  other  subjects  mentioned 
by  the  authors — the  "striping  of  triclinic  felspars,"  and  the  secondary 
origin  of  peridote;  but  space  will  not  allow  us  to  say  more  than 
that  the  former  stru.cture,  although  evidently  a  puzzle  to  them,  is 
generally  held  to  be  the  result  of  twinning,  and  that  their  argu- 
ments on  the  latter  question  appear  to  us  as  ingenious  and  as  un- 
convincing as  those  by  which  Uaubuisson  proves  that  basalt  is  of 
"  aqueous  origin." 
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1880.  Vol.  XIV.     Edited  hy  Prof.  A.  Liveesedge.      8vo,  392 

pages.  AVith  ten  Plates.  Sydney,  1881. 
Ik  this  volume,  astronomy,  meteorology,  botany,  organic  and 
inorganic  chemistry,  lithology,  mineralogy,  palaeontology,  and  the 
study  of  local  water-supply  are  all  and  each  made  sources  of  in- 
formation to  the  world  at  large,  as  well  as  to  the  Society  in  parti- 
cular, by  some  twelve  of  its  energetic  members.  There  is  also  an 
elaborate  report  on  morbid  ])sychology,  treating  of  the  causation 
and  prevention  of  insanity,  by  one  of  its  medical  members. 


XXVI.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  FORMATION  OF  PEROXIDE  OF  HYDROGEN  DURING 
COMBUSTION.       BY  ALOIS  SCHULLER. 

WHEN  determining  the  heat  of  combustion  of  hydrogen*,  I  re- 
marked during  tlie  combustion  of  oxygen  in  hydrogen,  besides 
the  usual  vci*y  small  flame,  a  second,  nnich  larger,  blue  so-called 
*  Schuller,  Wied.  Ann.  ii.  p.  373  (1877). 
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flame,  tlie  closer  investigatiou  of  which  led  to  the  conclusion  that 
diu'ing  the  combustion  ot  oxygen  and  hydrogen,  under  certain  cir- 
cumstances, peroxide  of  hydrogen  is  also  produced.  As  this  sub- 
ject has  not,  to  my  kno^yledgc,  yet  been  thoroughly  discussed,  I 
will  briefly  communicate  the  experimental  results  which  up  to  the 
present  time  I  have  obtained. 

As  previous  experiments  had  already  indicated  that  the  blue 
flame  is  conditioned  by  accidental  circumstances,  I  sought  before 
all  things  to  ascertain  these.  It  then  appeared  that  the  flame  is 
not  visible  when  hydrogen  burns  in  oxygen,  but  only  on  the  com- 
bustion of  oxygen  in  hydrogen,  provided  that  both  are  free  from 
atmospheric  air, — and,  further,  that  it  comes  out  better  when  to 
one  of  the  gases  a  little  sulphurous  acid  is  added,  while  it  disap- 
pears if  the  gases  are  passed  over  potassium  hydrate.  In  conse- 
quence of  this  I  removed  the  sulphuric  acid  (from  which  the  gases 
appear  to  have  taken  up  a  trace  of  sulphurous  acid)  from  the  gas- 
holder. The  blue  flame  was  now  no  longer  visible  ;  but  it  immedi- 
ately became  so  after  the  addition  of  sulphurous  acid.  The  different 
expei'iments  all  led  to  concordant  results,  whether  a  smaller  or  a 
larger  combustion-space  (from  5  to  500  cub.  centim.),  or  gases  pro- 
duced by  electrolysis  or  otherwise  were  employed.  All  this  shows 
that  the  blue  flame  stands  in  connexion  with  the  sulphurous  acid 
contained  in  the  gases. 

During  these  experiDients  the  water  formed  each  time  was  also 
examined.  A  trace  of  sulphuric  acid  was  found  in  it  as  often  as 
the  blue  flame  was  visible,  which  was  absent  whenever  the  latter 
did  not  appear.  Besides  this,  the  water  usually  took  up  some  per- 
oxide of  hydrogen,  which  was  proved  by  iodide-of-zinc  starch  and 
sulphate  of  iron,  by  permanganate  of  potassium,  and  by  the  so- 
called  perchromic-acid  reaction. 

These   in   themselves   interesting   facts  formed  the  subject  of 
further  experiments.     First  of  all  1  convinced  myself  that,  under 
certain  conditions,  H.^O^  is  produced  both  when  H  burns  in  O  and 
when  O  burns  in  H,  but  that  the  amount  differs  very  much,  ac- 
cording to  the  conditions  of  the  experiments.     Of  essential  import- 
ance is  the  velocity  with  which  the  burning  gas  penetrates  that 
which  surrounds  the  flame :  if  this  velocity  is  ^ery  inconsiderable, 
traces  only  of  H.^  O^  appear,  while  with  considerable  excess  of  pres- 
sure striking  reactions  are  obtained.     Thus,  in  one  case,  during 
the  combustion  of  oxygen  in  hydrogen  at  the  temperature  of  the 
room,  I  obtained  water  containing  0-0008  gram  H.,  O^  in  1  gram, 
therefore  nearly  O'OOl  of  the  whole ;  and  it  appears  to  me  very 
probable  that  under  more  favourable  conditions  considerably  more 
might  be  produced.     The  presence  of  SO^,  while,  on  the  one  hand, 
it  conditions  the  blue  flame,  diminishes  the  amount  or  prevents  the 
occurrence  of  peroxide  of  hydrogen ;  at  the  same  time  the  corre- 
sponding amount  of  sulphurous  is  converted  into  sulphuric  acid. 
These,  as  well  as  other  experimental  results,  indicate  that  the  blue 
light  has  its  origin  in  the  combination  of  H^O,^  and  SO^  to  form 
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These  circumstances  explain,  on  the  one  hand,  why  in  the  above- 
mentioned  calorimetric  measurements  no  peroxide  of  h^ydrogen 
could  be  demonstrated  (for  in  the  slow  combustion  no  more  appears 
to  have  been  fox'med  than  was  necessitated  by  the  minute  quantity 
of  sulphurous  acid  contained  in  the  gases),  and,  on  the  other,  why 
the  amount  of  sulphuric  acid  contained  in  the  water  was  so  small ; 
it  appears  to  have  arrived  in  the  combustion-space  not  as  sulphuric, 
bnt  as  sulphurous  acid. 

The  same  circumstances  seem  also  to  explain  the  green  edge 
shown  by  the  hydrogen-flame  when  iodine  is  present.  The  simul- 
taneous formation  of  iodic  acid,  which  has  been  pointed  out  by  G. 
Salet*,  may  probably  be  connected  with  the  occurrence  of  peroxide 
of  hydrogen. 

After  these  facts  it  appeared  probable  that  in  the  third  case  of 
the  combustion  also,  viz.  during  the  explosion  of  oxy hydrogen, 
besides  water,  peroxide  of  hydrogen  is  ])roduced,  which  supposition 
was  confirmed  by  experiment.  It  could  be  demonstrated  in  all  the 
experiments  made  in  relation  thereto  :  a  scarcely  perceptible  quan- 
tity of  the  water  formed  in  the  explosion  gave  the  iodine  reaction  ; 
and  a  drop  was  sufficient  to  show  strikingly  the  perchromic-acid 
reaction. 

During  explosion  the  peroxide  of  hydrogen  appears  to  be  formed 
in  still  larger  quantity  than  in  ordinary  combustion ;  but  I  have 
not  yet  succeeded  in  carrying  out  a  reliable  quantitative  determina- 
tion, because  all  the  tubes  employed,  of  the  length  of  about  1  metre, 
were  shattered.  These  unsuccessful  experiments,  however,  led  to 
an  in  other  respects  interesting  result :- — All  the  tubes  were  very 
strong,  so  that  one  of  the  weakest  required  a  continued  pressure  of 
]00  atmospheres  to  burst  it.  To  this  must  be  added  that  it  was 
always  only  the  part  most  distant  from  the  place  of  ignition  that 
was  burst,  even  when,  with  3  millim.  thickness  of  \\dl\,  its  bore 
was  only  3-4  millim.  in  diameter — whence  it  follows  that  very  pure 
oxyhydrogen,  such  as  I  employed,  occasions  in  long  tubes,  in  the 
part  furthest  from  the  place  of  ignition,  a  pressure  of  hitherto  un- 
suspected magnitude.  This  holds  good  even  when  the  tubes  are 
narrowed  by  one  or  two  coils  of  cord  to  2  millim.  internal  diameter ; 
but  a  slight  content  of  air  modifies  the  result  considerably.  I 
believe  that  this  can  be  accounted  for  as  follows  : — In  consequence 
of  the  considerable  pressure  arising  at  the  place  of  ignition,  the  still 
unburnt  gas  is  driven  a^  ith  great  velocity  along  the  tube ;  hence 
the  slowly  spreading  ignition  meets  continually  with  more  and 
more  powerfully  compressed  gas ;  wherefore  the  pressure  in  the 
correspoDKling  part  of  the  tube  increases  more  and  more,  till  finally, 
at  the  end  of  the  tube,  the  most  violent  action  takes  place.  Li  my 
experiments  the  pressure  there  was  much  greater  than  it  can  have 
been,  according  to  Bunsent,  in  the  most  favourable  case  of  simul- 
taneous ignition  of  the  entire  mixture. 

*   Comptes  liendus  de  V Academie  dcs  So'cnccs,  Ixxx.  p.  884  (1875). 
t  Buusen,  Gasomdnschc  Meihoden,  (1875)  p.  25G;  cf.  (1877)  p.  331. 
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The  driving  forward  of  the  oxyhydrogen  gas  here  supposed  has 
also  been  assumed  by  Mallard  and  Le  Chatelier*,  in  order  to  explain 
the  increase  of  the  velocity  of  propagation  of  the  ignition  observed 
by  them. 

From  what  has  been  adduced,  it  follows,  inter  alia,  that  in  pre- 
cise determinations  of  the  heat  of  formation  of  water  the  HjO^ 
formed  must  also  be  taken  into  account,  and,  further,  that,  in  the 
case  of  explosion,  the  loss  of  heat  occasioned  by  the  breaking  must 
be  taken  into  consideration. — Wiedemann's  Annalen,  1882,  no.  2, 
vol.  XV.  pp.  289-292. 


ON  THE  LAW  OF  RADIATION.       BY  J.  VIOLLE. 

The  intensity  of  a  simple  radiation  emitted  by  incandescent  pla- 
tinum is  very  accurately  represented  by  the  formula 

I=mTXH-ea-T)T 

as  I  have  previously  pointed  out,  and  as  is  proved  by  the  following 
Table,  which  contains  the  values  calculated  by  means  of  this  for- 
mula for  a  portion  of  the  measurements  before  mentioned  : — 


t. 

,     p.^f  6  =0041495 
*-^^^la  =  1-00045. 

.RQ.o /  e=0(>4295     .      „^r  6=0-04467 
'^-'^^^"\a  =  100044.    '^-^''^la  =  1-00043. 

Calculated 
intensities. 

Differences 
from  the 
observed. 

Calculated 
intensities. 

observed,     •"tensities. 

Differences 
from  the 
observed. 

o 

775 

954 

1045 

1500 

1775 

1 

3-1 
153 
501 

"o 

-0-2 

0 
-6 

005 

1 

3-4 
218 
812 

0 

0 
-0-2 
-1 
+3 

1 

36 
324 
1365 

0 
-  01 

+  17 
0 

But  if  the  attempt  be  made  to  represent  by  the  same  formula 
the  numbers  of  Dulong  and  Petit  relative  to  the  radiation  of  their 
thermometer  between  80°  and  240°,  good  results  are  not  obtained. 
Nor  does  the  celebrated  formula  of  those  two  physicists,  I=ma', 
agree  with  the  measurements  obtained  with  incandescent  platinum ; 
and  the  expression  I  =  jhT*,  recently  proposed  by  M.  Stephan, 
giving  for  the  relative  intensities  at  954°,  1045°,  1500°,  and  1775° 
the  numbers  1,  1-33,  4-36,  and  7*73,  cannot  be  adopted. 

On  the  other  hand,  a  very  satisfactory  representation  of  the 
whole  of  the  measurements  is  obtained  by  means  of  the  formula 

I=mT6T2aT, 

in  which  T  represents  the  absolute  temperature,  m  a  constant 
coefficient,  h  the  number  0-9999938,  a  =  1-03550- 13 \,  \  being 
the  wave-length  in  millimetres. 

In  fact,  if  we  apply  this  formula,  first,  to  the  platinum  radiation, 
we  shall  have  : — 


*   Comptes  Rendus,  xciii.  pp.  146,  147  (1881). 
Phil.  Mag.  S.  5.  Vol.  13.  No.  80.  March  1882. 
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t. 

X=656. 

X= 589-2. 

cf-if  ^  1  ^m  tbr 

mtensities.         observed. 

Calculated 
intensities. 

Differences 
from  the 
observed. 

11 

775 

954 

1045 

1500 

1775 

i 

30 
161 

507 

0 
-0-3 

+7 
0 

0-04 

1 

3-2 
219 
807 

-0-01 

0 
-0-4 

0 
_2 

t. 

X=535. 

X=482. 

Calculated 
intensities. 

Differences 
from  the 
observed. 

Calculated 
intensities. 

Differences 
from  the 
observed. 

954 

1045 

1500 

1775 

1 

3-4 
311 
1371 

0 
-0-3 

+4 
+6 

142 

807 

1 
5-7 

The  calculations  were  made  with  tlie  values  of  a  which  appeared 
to  accord  best  with  the  observations.     These  values, 

1-02713,         1-02772,         1-02838,         1-02935, 

satisfy  the  formula  a= 1-03550  — 13  \,  with  the  respective  differ- 
ences 

-0-00016,     +0-00012,     +0-00015,     -0-00012. 

The  experiments  of  Dulong  and  Petit  are  equally  well  repre- 
sented by  the  same  formula,  assuming  a  =  l-01161, — that  is  to  say, 
supposing  X  =  1838,  which  is  perfectly  admissible  according  to  the 
measurements  of  M.  Mouton,  who  has  determined  the  wave- 
lengths up  to  2140.     We  have,  in  fact : — 


Excess. 

Velocity  of  cooUng. 

A. 

Determined 
by  Dulong 
and  Petit. 

Calculated  by 
my  formula. 

o 

80  

100  

120  

140  

160  

180  

200  

220  

240  

1-74 
2-30 
3-02 
3-88 
4-89 
6-10 
7-40 
8-81 
10-69 

1-71 
2-35 
3-10 
3-97 
4-96 
610 
7-39 
8-84 
10-46 

-0-03 
+0-05 
+0-08 
+0-09 
+0-07 

0 
-001 
+0-03 
-0-23 
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The  differences  are  not,  in  general,  greater  than  those  existing 
between  the  numbers  calculated  by  Duloug  and  Petit  from  their 
formula  and  the  observed  numbers. 

From  the  whole  of  these  facts  it  appears  to  me  to  follow  that, 
between  0°  and  1775°,  the  law  of  radiation  can  be  represented  bv 
the  formula 

I=mT6T2aT. 

Comptes  Rendus  deVAcad^nie  des  Sciences,  t.  xcii.  p.  1204. 


ON  wheatstone's  bridge,     by  k.  f.  slotte. 

The  length  of  the  platinum  wire  belonging  to  this  apparatus, 
which  cannot  be  exactly  determined  by  measurement,  can,  it  is  well 
known,  be  ascertained  indirectly  by  comparing  and  exchanging 
resistances*.  The  following  procedure  is  a  modification  of  this 
method  which  may  not  be  without  advantages. 

Let  s  be  the  length  of  the  wire,  a  and  h  that  of  its  two  divisions 
when  two  resistances  ^t\  and  w^  are  inserted  and  the  galvanometer 
shows  no  current.     Then  is 

Wj  _  rt  _   s-\-a  —  h    s  +  c^j  ^ 

u\      h       s — {ci—b)       s—d^ 

in  which  a  —  h  is  put  =  r?,.  If  now  the  resistances  tv^  and  tv^  be 
exchanged  and  the  movable  contact  shifted  till  again  no  current 
passes  through  the  galvanometer,  this  displacement,  taken  as  posi- 
tive or  negative  according  to  whether  a  is  more  or  less  than  h,  is 
equal  to  rfp  which  quantity  can  be  directly  determined  by  reading 
it  off  upon  the  scale  of  the  apparatus. 

If  in  the  same  manner  iv^  be  compared  with  a  third  resistance 
w^,  and,  again,  lu^  with  «>,,  and  if  the  displacements  corresponding 
to  d^  be  denoted  respectively  d^  and  d^,  then  we  have 

'-^;=^ (2) 

"^— ^+^^^     (3) 


3 


IV  ^      s-d^ 


From  (1),  (2),  and  (3)  we  get 

(s-d,){s-d^Xs-dJ 
and  finally,  by  solving  the  last  equation, 

5= .  /__ASI.    (4) 

V        d^  +  d.^  +  d^ 

Three  determinations  effected  by  this  method,  in  which  lu^  was 
chosen  approximately  equal  to  ^/^v^^v^,  gave  for  s  the  values  lllS-llj 
1118-75, 1118-6  millim. — Wiedemann's  ^>maZe>i,  1882,  no.  1,  vol.  xv. 
p.  176. 

*  See  G.  Wiedemann,  Galvanismus,  [2]  i.  p.  254. 
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ON  THE  COMBINATION  OF  CARBONIC  ACID  AND  WATER. 
BY  S.  WROBLEWSKI. 
If  carbonic  acid  be  sufficiently  compressed  in  contact  with  water, 
in  a  space  kept  at  zero,  the  portion  of  the  acid  not  absorbed  liquefies, 
and  two  distinctly  separate  liquids  are  obtained  : — water,  more  or 
less  saturated,  belovr ;  and  liquid  carbonic  acid,  lighter,  above. 
The  pressure  being  slowly  lessened,  the  carbonic  acid  volatilizes, 
and  the  whole  returns  to  the  origiual  state.  But  if  we  compress 
the  carbonic  acid  almost  to  liquefaction  and  then  allow  the  gas  to 
expand  a  little,  so  as  to  produce  a  trace  of  solid  substance  either  in 
the  water  or  on  the  sides  of  the  tube,  the  following  phenomenon  is 
observed : — Every  time  that  the  pressure  while  being  augmented 
passes  through  a  determined  point  (which  I  will  call  the  critical 
pressure),  the  tube  becomes  covered  with  an  opaque  rime ;  and 
every  time  the  same  point  is  passed  through  in  diminishing  the 
pressure,  the  rime  disappears.  The  critical  point,  at  zero  tempe- 
rature, is  at  the  pressure  of  12"3  atmospheres.  The  phenomenon 
can  be  reproduced  at  pleasure,  if  the  pressure  be  not  too  much 
diminished,  and  consequently  the  ice  does  not  completely  disappear. 
The  latter  can  be  preserved  as  long  as  we  please,  if  the  pressure 
remains  greater  than  that  above  indicated. 

The  phenomenon  is  likewise  produced  at  higher  temperatures 
than  zero.  The  value  of  the  critical  pressure  rises  ■with  the  tem- 
perature.    At  * 

o  atm.  o  atm.  ^  atm. 

0-48  it  is  12-7  3-6 17-9  6-1 23-3 

2-7     ....  16-7  5-3  ... .  21-8  6-8  ....  26-1 

No  such  result  is  obtainable  by  experimenting  with  water  and 
air.  At  zero,  with  the  strongest  expansion  possible  with  my  appa- 
ratus, a  little  ice  is  seen  to  form  in  the  water,  which  soon  melts 
without  producing  any  rime. 

The  explanation  of  the  above-described  phenomenon  appears  to 
me  necessarily  to  involve  the  existence  of  a  hydi'ate  of  carbonic 
acid,  readily  dissociable,  and  capable  of  being  formed  by  pressure, 
like  M.  Ogier's  chlorhydrate  of  phosphuretted  hydrogen.  The 
critical  pressure  would  be  the  dissociation-tension  of  the  formed 
hydrate.  The  proportion  of  water  and  acid  seeming  to  have  no 
influence  on  the  value  of  the  critical  tension,  it  is  probable,  from 
M.  Debray's  researches,  that  there  is  only  one  hydrate  of  this  acid, 
containing  equal  volumes  of  carbonic  acid  gas  and  aqueous  vapour. 
In  order  that  it  may  readily  crystallize,  a  portion  of  substance 
already  crystallized  must  be  present  ;  the  expansion  of  the  gas, 
which  determines  a  local  lowering  of  temperature,  serves  to  pro- 
duce this  effect. — Comptes  Rendus,  Jan.  30,  1882,  p.  212. 

*  The  numbers  are  the  means  of  the  pressures  at  which  the  rime  begins 
to  disappear  and  to  form. 
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XXVII.  An  Examination  of  Vacua. 

By  J.  B.  Hannay,  F.R.S.K,  F.C.S* 

[Plate  YI.] 

THE  discovery  detailed  in  a  paper  read  before  the  Royal 
Society  f,  tbat  solids  are  capable  of  absorbing  and  fixing 
large  quantities  of  gases,  led  me  to  an  examination  of  various 
surfaces  in  contact  witli  gases.  It  soon  became  apparent 
that  not  only  is  there  a  closely  adherent  layer  of  gas  on 
every  surface,  as  shown  by  Crookes  and  Liveing  and  Dewar, 
but  that  the  gas  seems  even  at  ordinary  pressures  to  penetrate 
into,  or  combine  Avith,  the  surftice  of  the  glasSj  and  that  it  is 
with  extreme  difficulty  that  even  a  portion  of  this  gas  is 
driven  off,  the  greater  portion  remaining  fixed  even  to  the 
softening-point  of  the  glass.  Experiments  soon  led  me  to  the 
conclusion  that  the  estimates  made  as  to  the  real  extent  of  the 
evacuation  of  spaces  were  ftillacious;  and  a  serious  examination 
of  the  extent  of  evacuation  was  attem^^ted.  There  was  also 
in  my  mind  the  wish  to  test,  if  at  all  possible,  the  idea 
held  by  Euler,  and  advocated  by  Grove  and  others,  that 
radiation  may  be  propagated  by  ordinary  matter,  and  not  by 
the  luminiferous  aether.  The  idea  was,  to  evacuate  a  space  as 
perfectly  as  possible  and  subject  it  to  intense  cold,  and  then 
test  whether  or  not  it  w^ould  pass  radiant  energy.  As  it  was 
evident  that  the  pressure  of  mercury  vapour  is  quite  appre- 
ciable at  ordinary  temperatures,  and  is  in  itself  quite  sufficient 

*  Conimunicated  bv  the  Author, 
t  Proc.  Eov.  Soc.  No.  214,  1881. 

Phil.  Ma<j.  S.  5.  Vol.  13.  No.  81.  April  1882.  U 
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for  the  propagation  of  radiation,  and  as  the  a]3paratus  would 
require  to  be  heated  to  a  liigli  temperature,  mercury  as 
i\n  evacuatino-  ao'ent  was  abandoned,  and  fusible  metal  sub- 
stituted.  The  '"  barometric  heio-ht  "  of  fusible  metal  is  about 
41  inches,  so  that  all  apparatus  had  to  be  constructed  on 
that  scale. 

The  fusible  metal  was  composed  of  50  per  cent,  bismuth  and 
25  per  cent,  tin  and  lead  rospectiyely;  and  its  fusing-point  was 
04°.  Increase  of  tin  or  lead  raised  the  fusing-point;  but  a  con- 
siderable increase  of  bismuth  (10  per  cent.)  only  raised  the 
fusion-point  a  few  degrees.  A  variation  of  o  per  cent,  in  any  of 
the  constituents  made  little  difference.  About  30  lb.  of  the  metal 
was  prepared.  A  portion  was  heated  in  a  piece  of  combustion- 
tubing  over  the  blowpipe,  but  gave  o?l  no  perceptible  vapours. 
Pure  hydrogen  was  passed  over  20  grms.  of  the  metal  in  a 
porcelain  boat  in  a  combustion-furnace  at  a  red  heat,  but 
after  eight  hours  it  had  lost  only  5  milligrammes,  showing 
that  fusible  metal  is  cjuite  fixed,  as  the  em})ty  boat  might 
lose  that  weight  when  heated  so  long.  A  portion  was  placed 
in  one  end  of  a  piece  of  combustion-tubing  connected  with  a 
Sprengel  pump,  the  end  containing  the  metal  being  slightly 
elevated.  The  tube  was  then  evacuated,  and  the  portion  away 
from  the  metal  heated  until  no  more  gas  was  given  off,  and 
the  McLeod  iiauoe  showed  an  exhaustion  of  a  millionth  of  an 
atmosphere.  The  fusible  metal  was  then  gently  fused  and 
allowed  to  run  down  to  the  end  which  had  been  heated. 
The  blowpipe  was  again  ap]»lied  and  the  metal  strongly 
heated;  but  it  gave  off  no  appreciable  amount  of  gas.  The 
metal  was  therefore  held  to  be  free  from  dissolved  o'ases:  and 
being  found  to  be  suitable  for  the  work  required  of  it,  an 
attempt  was  made  to  Avork  a  Sprengel  pump  with  it.  Although 
its  melting-])oint  was  94°,  it  was  not  thoroughly  liquid  till 
115°  or  thereby;  so  it  Avas  determined  to  A^■ork  at  a  temperature 
of  from  120°  to  150°,  to  ensure  free  flovr  of  the  metal.  After 
several  experiments  a  bath  Avas  constructed  as  in  fig.  I.  It 
AA'as  made  of  strong  sheet  iron  Avith  double  sides  and  three 
sets  of  AA'indows.  Its  dimensions  are,  length  of  bath  G  ft.,  length 
of  feet  10  in.,  inside  space  10  in.  by  8  in.  It  had  a  strong 
iron  tube  Avith  four  arms  running  doAvn  one  side,  set  in  a  step 
at  the  bottom  of  the  bath,  and  bolted  to  the  top  by  a  nut,  so 
that  it  could  be  remoA-ed  and  the  glass  apparatus  attached  for 
ex])eriment.  It  Avas  found  that,  Avhen  fitted  Avitli  a  loosely 
fitting  lid,  the  heat  from  one  of  Fletcher's  heaters  Avas  sufficient 
Avhen  ])assing  from  beloAV  to  maintain  the  interior  at  a  tem- 
perature of  300°.  The  Avindows  Avere  sini})l3'  pieces  of  glass 
made  so  as  to  be  easily  remoA"ed  to  gain  access  to  the 
interior. 
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After  some  preliminary  trials  the  apparatus  shown  in 
fig.  II.  was  constructed.  The  bulb  A,  which  is  connected 
Avith  B  by  a  ground  joint,  has  its  lower  extremity  ground  to 
fit  the  upper  part  of  the  bulb  C.  D  is  a  tube  leading  to  the 
mercury  Sprengel.  E  are  the  bulbs  to  be  evacuated.  F  is  u 
narrow  tube  which  allows  the  metal  to  run  very  slowly  into 
the  ]ninip  G.  The  stopcocks  and  ground  joints  were  lubri- 
cated with  Mr.  Crookes's  invention,  burnt  india-rubbei",  which 
is  the  only  substance  of  use  at  high  temperatures.  I  think  it 
acts  better  at  high  than  at  low  temperatures,  because  it  soon 
hardens  up  on  the  outside  to  a  hard  varnish-like  body  which 
is  quite  impervious  to  gases.  The  india-rubber  must  be  the 
pure  variety,  such  as  is  used  for  toy  balloons. 

The  modus  operandi  is  as  follows  : — The  apparatus  being 
fixed  inside  the  bath  with  the  joints  all  made,  the  stopcocks  a 
and  d  are  closed  and  b  and  c  left  open.  The  ordinary 
mercury-pump  is  then  set  in  motion  till  a  good  A'acuum  is 
obtained.  During  the  evacuation  the  stopcock  d  is  slightly 
opened,  the  point  being  dipped  in  fusible  metal,  and  the  metal 
allowed  to  rise  till  it  is  just  inside  d,  and  the  cock  then 
closed. 

The  fusible  metal  is  poured  into  C  through  a,  care  being 
taken  to  open  a  only  very  slightly  at  first.  It  was  found 
that  the  fusible  metal  adheres  to  the  glass,  and  that  no  air  is 
admitted  with  the  metal,  as  would  be  the  case  with  mercury. 
When  all  the  metal  is  in  C,  the  connexion  with  the  Sprengel 
pump  at  D  is  sealed  off.  The  metal  is  now  running  very  slowly 
down  through  F,  and  acting  as  a  ►Sprengel  pump  through  Gr, 
evacuating  the  bulbs  E.  The  stopcock  b  is  closed,  so  that  the 
metal  collects  in  B.  When  B  is  nearly  full  the  metal  is 
transferred  to  the  top  by  the  following  method: — b  and  c  are 
opened,  transferring  the  metal  from  B  to  A,  and  then  closed, 
and  A  disconnected  from  B;  it  is  then  raised  and  adapted 
to  C,  the  upper  part  of  which  beyond  the  stopcock  a  is 
filled  with  fusible  metal.  The  tube  below  d  also  beino-  full, 
no  air  is  allowed  to  get  in;  dand  a  are  then  opened,  when  the 
metal  runs  into  C.  A  is  now  returned  to  the  bottom  for  a 
new  charge.  There  is  great  difiiculty  in  handling  the  bulbs, 
owing  to  the  heat,  but  with  flannel  and  proper  clamps  the 
work  can  be  got  through.  During  the  evacuation  the  bulbs 
E  are  heated  nearly  to  the  softening-point,  so  as  to  free  them 
from  air  ;  and  after  an  hour  or  so,  B  is  allowed  to  fill  up  full 
and  the  metal  to  pass  up  into  E,  sweeping  any  residual  gas 
into  the  upper  tube  H,  where  it  is  imprisoned  by  freezing 
the  metal  by  a  blast  of  cold  air.  B  is  then  emptied, 
and   the  exhaustion  again  proceeded   with,  E    aaain  heated 

U2 


232  Mr.  J.  B.  Hannay^s  E.vamination  of  Vacua. 

and  filled  up,  and  the  residual  air  aoain  imprisoned  in  H 
by  a  new  layer  of  frozen  metal.  After  the  iirst  heating 
the  residual  gas  does  not  show  itself,  as  the  metal  goes 
right  up  into  contact  with  that  formerly  frozen  there.  It 
seems  that  if  the  quantity  of  gas  is  very  small,  it  only 
forms  a  layer  or  coating  on  the  glass,  and  does  not  form 
a  bubble.  This  seems  to  show  that  the  McLeod  gauge  only 
measures  the  excess  of  residual  gas  over  that  required  to 
saturate  the  glass  surface.  When  sufficient  exhaustion  was 
supposed  to  have  been  attained,  the  bulbs  E  were  sealed  off; 
and  here  it  was  found  that  the  whole  work  had  been  futile, 
because,  on  melting  the  tube  through  the  metal  just  below 
the  barometric  height,  in  order  to  detach  the  bulbs,  the 
appearances  shown  in  figs.  III.  and  IV.  were  seen,  A  large 
amount  of  gas  was  given  off  whenever  the  glass  became  soft 
enough  for  sealing.  Fiff.  III.  shows  the  sweatino-  of  the  gas- 
bubbles  when  just  softening.  Fig.  IV.  shows  a  tube  melted 
all  round  for  some  distance  and  the  laroe  amount  of  o-as 
driven  off.  It  must  be  remembered  that  this  tube  had  been 
evacuated  so  far  that  it  gave  no  residual  gas  on  passing  up 
the  metal. 

Some  further  attempts  were  made  to  get  the  bulbs  eva- 
cuated again,  Avhen  it  was  intended  to  heat  the  tube  at  the 
point  of  seahng  till  it  was  soft  previous  to  sealing,  allow- 
ing it  in  fact  to  be  sucked  in  till  it  was  nearly  closed, 
pumping  away  the  gases,  so  that  none  would  come  off  on 
melting  for  the  final  sealing.  Experiments  showed  that  when 
once  the  glass  was  melted  in  a  good  vacuum  no  further  gas 
would  come  off  on  remelting.  It  was  found,  however,  that 
the  stopcocks  were  all  leak}',  having  warped  b}'  the  long 
heating  (the  operation  takes  a  whole  day)  ;  and  after  fighting 
with  this  form  of  apparatus,  it  A^•as  abandoned  for  that  shown 
in  fig.  V.  Here,  instead  of  stopcocks,  the  tubes  were  bent 
round  like  safety-funnels,  and  narrowed  very  much  at  the 
bends  ;  and  the  stopping  was  effected  by  a  blast  of  cold  air 
kept  blowing  on  the  joint  to  be  closed,  and  stopping  the  blast 
whenever  it  was  required  to  be  opened — the  heat  of  the  bath 
remelting  the  frozen  plug.  The  transference  of  the  metal 
from  bottom  to  top  was  effected  as  in  the  other  apparatus.  In 
this  the  bulbs  E  were  connected  with  the  Sprengel  pump  by 
HD,  but  were  afterwards  separated  by  passing  inetal  u\>  into 
H,  sweeping  out  residual  air  and  freezing  it  in  H,  before  the 
final  evacuation  with  the  fusible  metal  was  begun.  This 
form  was  adopted  in  order  that  the  residual  air  might  be 
subjected  to  no  pressure,  but  have  a  free  sijace  to  pass  out 
into,  thus  avoiding  condensation  on  the  glass.     Some  progress 
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was  made  with  this  method  ;  l)ut  a  now  difficulty  arose.  The 
fusible  metal  expands  very  much  after  solidification,  and  often 
hursts  the  tube  containing  it  ;  in  fact  it  ahva3-s  bursts  it  if 
allowed  to  cool  far  enough  ;  but,  as  its  principal  expansion- 
point  is  35°,  or  G0°  lielow  its  freezing-point,  it  was  hoped 
that  by  keeping  the  tempei-ature  between  50°  and  70°  a  good 
stoppage  would  bo  obtained.  I  may  mention  that  the  expan- 
sion of  the  metal  at  o5°  is  so  great  that,  if  allowed  to  solidify 
in  a  common  deep  goblet,  it  invariably  splits  it ;  but  it  may 
be  allowed  to  cool  and  solidify  in  a  shallow  stew-pan  with 
safety.  After  working  for  some  weeks  in  vain  attempts  to 
regulate  the  temperature  of  the  stoppers,  the  ditticulty  was 
found  to  be  so  great  that  (some  point  being  momentarily 
overlooked)  the  apparatus  was  invariably  broken.  When  it 
is  remembered  that  working  at  such  high  temperatures  the 
glass  often  cracks,  being  extremely  lirittle  and  having  little 
tenacity,  it  will  bo  understood  that  failures  were  often  due 
to  this  cause  ;  but  when  something  had  gone  wrong,  and 
I  could  not  get  the  metal  out  Avithout  cooling  the  apparatus,  I 
have  often  had  to  stand  liy  and  see  two  days'  glass-blowing 
slowly  disintegrated  without  being  able  to  save  a  tube. 

It  became  manifest  that  frozen  stoppers  would  not  do,  at 
least  where  many  Avere  required,  and  stopcocks  were  not 
reliable  when  in  communication  with  the  vacuum;  so  a  new 
apparatus  was  constructed,  where  the  stopcocks  were  under 
pressure,  and  therefore  not  lial)le  to  leakage,  and  where  leakage 
could  only  take  place  to  the  unimportant  side  of  the  appa- 
ratus. The  pumping  action  Avas  also  abandoned,  and  the 
apparatus  shown  at  fig.  YI.  used.  The  tube  A  was  attached 
to  a  morcury-pump,  and  the  cocks  a,  J),  and  c  closed.  When 
evacuating,  b  was  slightly  opened,  and  dipped  into  a  pot  of 
metal  so  that  it  filled  up  to  the  inside  of  the  stopcock, 
which  was  then  closed.  When  a  good  vacuum  had  been 
obtained,  the  tubes  B  and  C  were  heated  and  allowed  to  be 
sucked  in  till  nearly  closed.  The  same  was  done  with  the 
tubes  above  and  below  the  bulbs  E;  and  they  wore  also  heated 
nearly  to  the  softening-point.  B  was  then  sealed  off,  and  the 
metal  poured  through  F  into  D  till  nearly  full,  and  C  then 
also  sealed  off  from  the  Sprengel  pump.  Some  metal  was 
left  in  F,  and  new  burnt  india-rubber  applied  to  a. 

The  bulbs  E  were  then  strongly  heated  and  e  opened,  so 
that  the  metal  rose  and  swept  the  residual  air  into  H,  where  it 
was  frozen  liy  cold  air.  No  leakage  can  take  place  by  h  or  c, 
as  they  are  under  more  than  an  atmosphere  of  pressure,  while 
leakage  by  a  is  of  little  consequence,  but  seldom  occurred.  The 
tube  at  the  Ijottom  of  D  was  frozen  bv  the  same  blast  as  was 
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used  for  H.  c  and  h  are  now  opened,  and  tlie  metal  run  out 
of  E,  which  is  again  heated,  and  new  metal  passed  round 
from  D,  which  holds  sufficient  metal  for  six  fillings  of  E. 
The  residual  air,  if  there  is  any,  is  always  imprisoned  by  a 
new  layer  of  frozen  metal  in  H.  The  hulbs  were  then  sealed 
off;  but  even  after  all  this  treatment,  a  little  air  was  seen  to 
come  off  when  quite  melted.  The  best  evacuation  obtained 
in  this  way  was  tested  as  follows.  One  bull)  was  placed  in  a 
freezing-mixture  of  calcium  chloride  and  snow,  and  the  other 
interposed  between  a  standard  candle  and  radiometer  kindly 
lent  me  by  Sir  "W.  Thomson;  but  no  retarding  effect  further 
than  that  due  to  the  glass  was  observed,  as  on  admitting  air  to 
the  bulbs  no  acceleration  took  place. 

It  was  found  that,  by  increasing  the  proportion  of  lead  in 
the  alloy  by  20  per  cent.,  the  expansion  on  solidification  was 
greatly  reduced,  and  enabled  the  freezing  method  of  stoppage 
to  be  used  :  this  raised  the  melting-point  to  108°.  The  last 
apparatus  was  now  modified,  so  as  to  disi^ense  with  stopcocks, 
and  a  new  attempt  made.  The  bulbs  were  also  reconstructed  for 
testing  the  conducting-power  of  the  vacuum  for  electricity,  one 
bulb  being  made  as  shown  in  fig.  A^IT.  In  this  the  platinum 
wires  were  led  into  cups  filled  with  fusible  metal,  so  that  no 
leakage  along  the  platinum  wire  was  possible.  Wires  were 
led  into  the  cups  from  the  outside,  insulated  with  asbestos 
and  shellac,  and  the  spark  from  a  strong  Holtz  machine  made 
to  pass.     At  the  highest  exhaustion  obtained  by  the  Spreugel 

pump,  23  000  000  ^^  ^^  atmosphere  measured  by  the  McLeod 
gauge,  the  spark  passed  as  a  flash  illuminating  the  glass 
surface  inside ;  but  on  exhausting  as  above  v.'ith  fusible  metal, 
no  power  I  could  obtain  would  cause  a  spark  to  pass  through 
the  vacuum.  A  Leyden  battery  of  12  jars  was  tried,  and  a 
coil  giving  a  12-inch  spark,  but  with  no  effect.  Mercury 
vapour  seems,  therefore,  to  conduct  the  spark.  An  attempt 
was  made  to  detach  the  bulbs,  but  they  were  fractured.  It 
was  found  that  it  was  by  no  means  necessary  to  keep  the 
fusible  metal  in  a  vacuum,  as  it  dissolves  no  gases ;  and  as  the 
great  length  of  the  apparatus  rendered  its  construction  trouble- 
some and  its  fracture  easy,  a  new  apparatus  was  made  as 
shown  in  fio-.  VIII. 

This  was  constructed  to  obtain  a  simple  torricellian  vacuum, 
a  movable  iron  bucket  below  being  provided,  so  that  the 
jnetal  could  he  raised  and  lowered.  The  tube,  from  the  bulbs 
downwards,  was  48  inches  long  ;  and  the  lower  end  was  turned 
into  a  spiral,  Avith  the  termination  turned  inside  the  spiral,  so 
that  the  end  could  nowb^^re  touch  the  tube.    I  need  not  describe 
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the  treatment,  as  it  was  similar  to  tliat  before  emplo^-ed. 
The  vacuum  obtained  by  this  method  would  not  pass  a  spark. 
The  metal  used  in  this  experiment  had  extra  lead  added  to  it, 
so  that  it  could  be  frozen. 

The  bulbs  were  detached  in  the  followino-  way.  The  metal 
was  passed  up  for  the  last  time  and  frozen,  and  the  tube 
melted  throuoh  the  metal  at  a,  leavincr  a  good  column  of 
frozen  metal  between  the  bulbs  and  the  seal,  so  that  any  gas 
given  off  could  not  get  into  the  former.  The  metal  was  then 
lowered  out  of  the  bulbs,  and  again  frozen  above  h,  where  the 
tube  Avas  again  melted  through,  and  the  air  given  oft'  kept 
imprisoned  Ijy  the  solid  metal  above  h.  This  vacuum  was 
tested  by  the  radiometer,  but  gave  no  retardation  beyond 
that  due  to  the  glass  ;  it  would  not,  however,  conduct  a 
spark.  To  test  whether  the  glass  had  been  really  freed  from 
gas  by  this  process,  a  pair  of  bulbs  were  evacuated  as  before, 
and  the  metal  passed  fully  half  up  the  upper  one.  The  bulb 
was  then  heated  to  softening,  so  that  its  sides  were  sucked  in 
in  several  places  just  below  the  surface  of  the  metal;  and  it 
was  invariably  found  that  a  sweat  of  gas-bubbles  was  formed 
between  the  glass  and  the  metal,  showing  that  the  glass  still 
retained  air.  The  only  method  by  which  a  real  vacuum 
might  be  olitaincd  (putting  aside  glass  vapour),  would  be  by 
having  the  bulbs  made  of  hard  glass  outside  and  soft  glass 
inside,  so  that  the  inside  might  be  fused  and  its  gas  layer 
driven  oft",  without  collapsing  the  bull)s;  but  I  am  not  suftici' 
ently  skilled  in  glass-blowing  to  make  such  bulbs.  As  I  have 
been  uualjle  to  get  them  made,  the  experiment  has  not  been 
tried. 

The  work,  as  far  as  it  goes,  shows  that  no  conclusions  can 
be  drawn  as  to  the  nature  of  properties  of  high  vacua,  after 
such  vacuous  space  has  been  cut  oft',  by  sealing  one  of  the 
tubes  by  fusion  ;  and  it  is  doubtful  whether  the  measurements 
by  the  McLeod  gauge  represent  the  true  density  of  the 
residual  atmosphere.  The  object  of  this  investigation — the 
testing  of  Euler's  hypothesis — has  not  been  fulfilled,  although 
nearly  six  months'  work  was  s})ent  upon  it,  the  accidental 
breakages  making  the  testing  of  a  method  a  matter  of  a 
mouth's  work.  I  must  record  my  hearty  thanks  to  my  two 
assistants,  Messrs.  Campell  and  McC^onechy,  for  the  unwearied 
aid  they  have  given  me  in  this  troublesome  investigation. 
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XXVIII.  Interference  Plienomena  in  a  new  Form  of  Refracto- 
meter.     By  Albert  A.  Michelson*. 

IN  an  experiment  undertaken  with  a  view  to  detecting  the 
relative  motion  of  the  earth  and  the  luminiferous  aether 
('American  Journal  of  Science/  No.  128,  vol.  xxii.),  it  was 
necessary  to  produce  interference  of  two  pencils  of  light  which 
had  traversed  paths  at  right  angles  with  each  other.  This  was 
accomplished  as  follows: — The  light  from  a  lamp  at  a  (fig.  1) 

Fig.  1. 


e 

was  separated  into  two  pencils  at  right  angles,  h  c  and  h  d,  by 
the  plane-parallel  glass  b;  and  these  two  pencils  were  returned 
to  h  hy  the  mirrors  c  and  d,  whence  they  coincide  along  be, 
where  they  are  viewed  by  a  small  telescope  at  e.  It  is  evi- 
dent that,  so  far  as  the  interference  is  concerned,  the  apparatus 
may  be  replaced  by  a  film  of  air  whoso  thickness  is  bc  —  bd, 
and  whose  angle  is  that  formed  by  the  image  of  d  in  b,  with  c. 

The  problem  of  interference  in  thin  films  has  been  studied 
by  Feussner;  but  his  equations  do  not  appear  to  give  the  ex- 
planation of  the  phenomena  observed.  In  particular,  in  the 
Annalen  der  Physih  vnd  Chemie,  No.  12,  1881,  on  page  558, 
the  conclusion  drawn  from  the  preceding  equations  is  that  the 
interference-fringeS'  are  straight  lines;  whereas  in  the  above 
apparatus  they  are  in  general  curves,  and  there  is  but  one  case 
— that  of  the  central  frino-e  in  white  light — which  is  straight. 

I  have  therefore  thought  it  worth  while  to  attempt  the  solu- 
tion of  the  problem  for  a  film  of  air  for  small  angles  of  inci- 
dence, and  neglecting  successive  reflections   (which  in  the 

*  Communicated  by  the  Author. 
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above-described  instriinieni  do  not  exist)  ;  and  though  the 
sokition  is  not  perhaps  adapted  to  the  general  problem,  it 
accounts  satisfactorily  for  all  the  phenomena  observed  in  the 
special  case.     Let  0  m^  0  m^  (fig.  2)  be  two  plane  mirrors 

Fig.  2. 


whose  intersection  is  projected  at  0,  and  whose  mutual  incli- 
nation is  <^.  The  illumination  at  any  point  P  (not  neces- 
sarily in  the  plane  of  the  figure)  will  depend  on  the  mean  dif- 
ference of  phase  of  all  tlio  pairs  of  rays  starting  from  the 
source  and  reaching  P,  after  reflection  from  the  mirrors — a 
pair  of  rays  signifying  two  rays  which  have  started  from  the 
same  point  of  the  source. 

If  the  area  of  the  luminous  surface  is  sufficiently  large,  the 
illumination  at  P  will  be  independent  of  the  distance,  form,  or 
position  of  the  surface.  Suppose,  therefore,  that  the  luminous 
surface  coincides  with  the  surface  0  mi.  Its  image  in  0  m^ 
will  also  coincide  with  0  m^ ;  and  its  image  in  0  mo  will  be  a 
plane  surface  synunetrical  with  0  my  with  respect  to  0?»2J 
and  for  every  point  p  of  the  first  image,  there  is  a  correspond- 
ing point  J)'  of  the  second,  symmetrically  placed  and  in  the 
same  phase  of  vibration.  Suppressing,  now,  the  source  of  lio-ht 
and  the  mirrors,  and  replacing  them  by  the  images,  the  effect 
on  any  point  P  is  unaltered.  Consider  now  a  pair  of  points 
V  2^,  p.  Let  ^  be  the  angle  formed  by  the  line  joining  P  and/) 
(or  //)  with  the  normal  to  the  surface,  b  and  ^  beino-  both 
supposed  small, 

A  =  Vp'  —  Pp  =pjy .  cos  ^. 

The  difference  between  this  value  of  A  and  the  true  value  is 
2Pj:) .  sin^  ^,  where  i/r  is  the  angle  subtended  hj  pp' vii  P. 
If  ■&  is  a  small  quantity,  i/r  is  a  small  quantity  of  the  second 


con- 
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order,  and  siir^  is  a  small  qiiantitv  of  the  fourth  order; 

sequently  2P/) .  sin-^  may  be  neglected.    We  have  therefore, 

to  a  very  close  approximation,  A  =p^y  cos  •&,  or,  substituting 
2^  for  pp' ,  2t  being  the  distance  between  the  images,  at  the 
point  where  they  are  cut  by  the  line  P/), 

A  =  2^cos^. 


Let  c d ef,  c' cV ^ f  (fig.  3)  represent  the  two  images,  and 
let  their  intersection  be  parallel  with  e/,  and  their  inclination 
be  20.  Let  P  be  the  point  considered;  P'' the  projection  of  P 
on  the  surface;  and  P  B  the  line  forming  with  P  P'  the 
angle  ■&.  Draw  P'  D  parallel  to  c/,  and  P'  C  at  right  angles, 
and  complete  the  rectangle  B  D  P^  C.  Let  P'PC  =  ?,  and 
D  P  F  =  6>.  Let  P  F  =  P;  and  call  the  distance  between  the 
surfaces  at  the  point  P',  2/o.     We  have  then 

t-tQ^QV.  tan  <^  =  ?o  +  P tan  <^  tan  i, 
and 

A  =  2(^0  +  P tan  ^  tan  ?)  cos  3, 
or 

A^_.o  (^o  +  Ptan(^tani) 
"\/l+tan-i+tan-^* 

We  see  that  in  general  A  has  all  possible  values  ;  and  there- 
fore all  phenomena  of  interference  would  be  obliterated. 

If,  however,  we  observe  the  point  P  through  a  small  aper- 
ture ah  (the  pupil  of  the  eye,  for  instance),  the  light  which 
enters  the  eye  from  the  surfaces  will  be  limited  to  the  small 
cone  whose  angle  is  i  P  a  ;  and  if  the  aperture  be  sufHciently 
small,  the  differences  in  A  may  be  reduced  to  any  required 
degree. 
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It  is  proposed  to  find  sucli  a  distance  P  that,  with  a  given 
aperture,  these  differences  shall  be  as  small  as  possible,  which 
is  equivalent  to  finding  the  distance  from  the  mirrors  at  which 
the  phenomena  of  interference  are  most  distinct. 

The  change  of  A  for  a  change  in  6  is 

^  ^  2 (fo  +  P  tan  </>  tan  i)  -^^ 

'dd~  (l  +  tanH+ian'ey^     '      '     '     '     ^  ^ 

The  change  of  A  for  a  change  of  i  is 

(1  +  ianH+  ian'e)^^^-{to  +  'Pian<}itanl)~l 

'^  (l+tan^-+tan-^)i  '^^ 

For  ~r  =0  we  have 

B^  ^  =  U(orA=0). 

For  ^  .-  =  0  we  have 

(1  +  tan-  i  +  tan'-^  d)V  tan  (f)={io  +  F  tan  </>  tan  i)  tan  /, 
or 

(l+tan-^)Ptan<^  =  ^otan?, 
^^•hence 

P=-^^tanicos-^. 
tan  (p 

Hence  the  fringes  will  be  most  distinct  when  ^=0  and 

P=-^tan.- (4) 

tan  9  ^  ^ 

Tliis  condition  coincides  nearly  with  that  found  by  Feussner. 

If  the  thickness  of  the  film  is  zero,  or  if  the  angle  of  inci- 
dence is  zero,  the  fringes  are  formed  at  the  surface  of  the 
mirrors.  If  the  film  is  of  uniform  thickness,  the  fringes  appear 
at  infinity.  If  at  the  same  time  0  =  0  and  fo=0,  or  0  =  0  and 
i  =  0,  the  position  of  the  fringes  is  indeterminate.  If  i  and  0 
have  the  same  sign,  the  fringes  appear  in  front  of  the  mirrors; 
if  i  and  0  have  opposite  signs,  the  fringes  appear  behind  the 
mirrors. 

To  find  the  form  of  the  curves  as  viewed  by  the  eye  at  E, 
call  T  the  distance  between  the  surfaces  at  E',  the  projection 
of  E.  From  P  draw  PR  parallel  to  DP',  and  ES  parallel  to 
CP',  let  RS  =  c,  and  let  SE  =  D.  We  have  then  ^o  =  T  +  ctan  0, 
whence,  since  c=Dtan?, 

.^^T  +  {D-hV)tm-i<})isini 
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If,  on  a  plane  perpendicular  to  EE'  at  distance  D  from  E, 
we  call  .1'  distances  parallel  to  P'C,  and  y  distances  parallel  to 
P'D,  counted  from  the  projection  of  E  on  this  plane,  then, 
putting  tan  ^  =  K  and  D  +  P  =  S,  we  have  for  the  equation  to 
the  curves, 

v/D^  +  .t-'^  +  / 
or 

AV  =  (4S2K2-A2).^•2  +  8TSKR^'  +  (4T2-A2)D^    .    (6) 

If,  numerically, 

A<2SK,  the  curve  is  a  hyperbola. 
A  =  2SK,       „        „        parabola. 
A>2SK,       „        „        ellipse. 
K  =  0,  „        „        circle. 

A  =  0,  jj        J,        straight  line. 

All  the  deductions  from  equations  (4)  and  (6)  have  been  ap- 
proximately verified  by  experiment. 

It  is  to  be  noticed  that  in  the  most  important  ease,  and  that 
most  likely  to  occur  in  practice,  namely  that  of  the  central 
fringe  in  white  light,  we  have  A  =  0,  and  therefore  also  ^o  =  0; 
and  in  this  case  the  central  frino-o  is  a  straio-ht  line  formed  on 
the  surface  of  the  mirrors.  Practically,  however,  it  is  impos- 
sible to  obtain  a  perfectl}-  straight  line  ;  for  the  surface  of  the 
mirrors  is  never  perfect. 

It  is  also  to  be  noticed  that  the  central  fringe  is  black ;  for 
one  of  the  pencils  has  experienced  an  external,  the  other  an 
internal  reflection  from  the  surface  of  h  (fig.  1).  This  will 
not,  however,  be  true  unless  the  plate  g  (Avhich  is  employed  to 
compensate  the  effect  of  the  plate  h)  is  of  exactly  the  same 
thickness  as  h  and  placed  parallel  with  h.  When  these  con- 
ditions are  not  fulfilled,  the  true  result  is  masked  by  the  effect 
of  "  achromatism  "  investigated  by  Cornu  {Comptcs  JRendus, 
t.  xciii.  Nov.  21,  1881).  This  remark  leads  naturally  to  the 
investigation  of  the  effect  of  a  plate  of  glass  with  plane  parallel 
surfaces,  interposed  in  the  path  of  one  of  the  pencils. 

The  effect  is  independent  of  the  position  of  the  glass  plate, 

provided  its  surface  is  kept  parallel  with  the  corresponding 

mirror.     Suppose,  therefore,  that  it  is  in  contact  with  the 

latter,  and  let  r  d  (fig.  4)  represent  the  common  surface.     Let 

t  =  hi=  thickness  of  the  glass,  ?'=  angle  of  incidence,  r=  angle 

of  refraction,  n  =  index  of  refraction.  A,  =  wave-length   of 

light.     Let  ef  represent  the  image  of  the  other  mirror,  and 

hk 
put  Wo=  — . 


in  a  nexo  Form  of  Refraclomeler. 


241 


It  can  readily  be  demonstrated  that  the  path  of  the  rays  in 
the  in  strument  is  equivalent  to  that  given  in  the  figure,  M-here 


Fis:.  4. 


r\ 


one  of  the  rays  follows  the  path  (j  n  m  h,  and  the  other  the  path 
rolh.  Suppose  the  mirrors  cd  and  <?/ parallel.  Then,  as 
has  been  previously  shown,  the  eurves  of  interference  are 
concentric  circles  formed  at  an  infinite  distance.  Therefore 
the  rays  q  n,  r  o,  Avhose  path  is  to  be  traced,  are  parallel,  and 
from  the  point  h  they  coincide.     Their  difference  of  path  is 

2nm  —  'l]d  —  op  ; 
and  their  difference  of  phase  is 
%im      2hl 


^^ 


n 


op 

A, 


whence 


2no .  t 
Xcosi 


2t, 


2n  .t        2t  .     .       .      ,        N    •     . 

:; V-  ("nt'iii  ^—  tan  r)  sm  i  : 

\cosr       \  ' 


<p=  —  [»o  cost— n  cos  r] (7) 

/v 


Let  it  be  proposed  to  find  the  value  of  n^  which  renders 
any  particular  ring  achromatic.  The  condition  of  achroma- 
tism, according  to  Cornu,  is 

dcf) 
d 
which  gives 

dn  .       (//'    dn> 


I 


dX='^ 


<^  +  2f( 


cos  ;•  ^  -  —  n  sin  r  -y-     ,, 
dX  dn    dX 


)=0. 
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We  have 

sin  i 

sin  r 
whence 

dr  sin-  ;• 


d7i  sin  i  cos  7* 

whence 

2i      fZ/z 

cos  r    «A, 


'^  =  «)+  Vi' 


By  Cauchy^s  formula  we  have 

whence 

cZ?i 2a2 

Substituting,  we  have 


WoCOSl  — ?IC0S?'=: 


2*2  o 

c,  ^r^  +  ii  cos-  r 

Z    2  '^" 


X"  cos  ?'  cos  I  cos  7' 

or^  finally, 

_  2{n—ai)  +  n  cos^ 7' 


??o  = 


cos  I  COS  r 


(^) 


If  the  angle  i  is  small,  the  value  of  /?o  ^^'^H  vary  very  little 
with  / :  consequently  there  will  be  a  large  number  of  circles, 
all  nearly  achromatized.  Under  favourable  circumstances  as 
many  as  one  hundred  rings  have  been  counted,  using  an  ordi- 
narv  lamp  as  source  of  lio-ht. 

The  difference  of  path  of  the  two  pencils  which  produce 
these  rings  in  white  light  may  exceed  a  thousand  wave-lengths. 


XXIX.  On  the  Refractive  Index  and  Specific  Inductive  Capacity 
of  Iransparent  Insulatina  Media.  By  J.  HoPKlXSOX,  D.Sc, 
F.R.S.* 

OXE  of  the  deductions  from  Maxwell's  electromagnetic 
theory  of  light  is,  that  the  specific  inductive  capacity  of 
a  medium  is  equal  to  the  square  of  its  refractive  index.  An- 
other deduction  is,  that  a  body  which  is  opaque  to  light,  or, 
more  generally,  to  radiant  energy,  should  bo  a  conductor  of 
electricity.  The  first  deduction  appeared  so  clear  an  issue 
that  many  experimenters  have  put  it  to  the  test.     The  results 

'  (jommunicated  by  the  Physical  Society,  ha\iug  been  read  at  the 
Meeting  on  Febniaiy  io,  1882. 
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may  be  briefly  suminarized  thus: — Some  bodies  (such,  for 
example,  as  hydrocarbon  oils*  and  paraffin-wax)  agree  with 
Maxwell's  law  so  well  that  the  coincidence  cannot  be  attri- 
buted to  chance,  but  certainly  points  to  an  element  of  truth 
in  the  theory:  on  the  other  hand,  some  bodies,  such  as  glass  t 
of  various  kinds,  fluor-sparj,  Iceland  spar:]:,  and  the  animal 
and  vegetable  oils§,  have  specific  inductive  capacities  much 
greater  than  is  indicated  by  their  refractive  indices. 

How  do  these  latter  results  really  bear  on  Maxwell's  theory? 
The  facts  are  these.  Taking  the  case  of  one  substance  as 
typical,  the  refractive  indices  of  light  flint-glass  are  very  accu- 
rately known,  the  period  of  disturbance  rano-iuo-  from  -r—r — —-^ 
second  to  ;^ — r^^  second ;  the  specific  inductive  capacit}-  is 

known  to  be  about  6*7,  the  time  of  electrical  disturbance  being 
from  17^00  second  to  a  few  seconds.  If  from  the  observed 
refractive  indices  Ave  deduce  by  a  formula  of  extrapolation  the 
refractive  index  for  very  long  waves,  a\'C  find  that  its  square 
is  about  one  third  of  6*7.  There  can  be  no  question  about  the 
accuracy  of  the  observed  refractive  indices;  and  I  have  myself 
no  doubt  about  the  specific  inductive  capacity ;  but  formulae 
of  extrapolation  are  always  dangerous  when  used  far  from  the 
actual  observations.  If  Maxwell's  theory  is  true,  light  flint- 
glass  should  be  perfectly  transparent  to  radiations  having  a 
wave-period  of,  let  us  say,-j-=-j^Q^j  second;  because  this  glass  is  sen- 
sibly a  })erfect  electrical  insulator,  its  refractive  index  for  such 
waves  should  l)e  about  'I'Q).  Are  there  any  facts  to  induce  us 
to  think  such  a  thing  possible  ?  It  is  well  known  that  in  some 
cases  strong  selective  absorption  of  light  in  the  visible  spec- 
trum causes  what  is  known  as  anomalous  dispersion  ;  that  is 
to  say,  the  body  which  presents  such  selecti"\'e  absorption  of 
certain  rays  has  a  refractive  index  abnormally  low  for  waves 
a  little  shorter  than  those  absorbed,  and  an  index  abnormallv 
high  for  waves  a  little  longer  than  those  absorbed  ||. 

Light  flint-glass  is  very  transparent  through  the  whole 
visible  spectrum,  but  it  is  by  no  means  transparent  in  the  infra- 
red. If  the  absorption  in  the  infra-red  causes  in  light  flint- 
glass  anomalous  dispersion,  we  should  find  a  diminished  refrac- 

*  Silow,  Pogg.  Aim.  1875,  p.  382 ;  1876,  p.  306.  Hopkinson,  Pliil. 
Traus.  1881,  part  i.  p.  371. 

t  '  Cavendish  Researches,'  edited  by  Clark  Maxwell ;  Schiller,  Pogg. 
Ann.  1874,  p.  535 ;  WuUuer,  Sit::,  h.  bayer.  Akad.  1877,  p.  1 ;  HopMnson, 
Phil.  Trans.  1878,  part  i.,  1881,  part  ii. 

I  Komich  and  Xowak,   Wiener  Sitz.  Bd.  l.\x.  part  2,  p.  380. 
§  llopkiuson,  Phil.  Trans.  1881,  part  ii. 

II  'Theory  of  Sound,"  by  Lord  Rayleigh,  vol.  i.  p.  125. 
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tivo  index  in  the  red.  We  may  say  that  we  have  a  hint  of 
this;  for  if  we  represent  the  refractive  indices  by  the  ordinates 
of  a  curve  in  which  the  squares  of  the  reciprocals  of  the 
wave-lengths  are  abscissa?,  this  curve  presents  a  point  of 
inflection*.  In  the  part  corresponding  to  short  waves  it  is 
concave  upwards ;  in  the  part  corresponding  to  long  waves 
it  is  concave  downwards:  the  curvature,  however,  is  very 
slight.  Does  it  not  seem  possible,  looking  at  the  matter  from 
the  purely  optical  point  of  view,  that  if  we  could  examine  the 
spectrum  below  the  absorption  in  the  infra-red,  we  should  find 
the  eifect  of  anomalous  dispersion,  and  that  the  refractive  index 
of  such  long  waves  might  even  be  so  high  as  2-6  ?  To  test 
this  experimentally  in  a  conclusive  manner  would  probably 
not  be  easy.  Perhaps  the  best  chance  of  finding  how  these 
long  waves  are  refracted  would  be  to  experiment  on  the  rays 
from  a  thermopile  to  a  freezing-mixture.  Without  an  actual 
measurement  of  a  refractive  index  below  all  strong  absorption, 
it  cannot  be  said  that  exjjeriment  is  in  contradiction  to  the 
Electromagnetic  Theory  of  Light ;  for  a  strong  absorption 
introduces  a  discontinuity  into  the  spectrum  which  forbids  us 
from  using  results  on  one  side  of  that  discontinuity  to  infer 
what  they  would  be  on  the  other  side. 


XXX.  Water-pipes  that  do  7iot  hurst  loith  Frost.  By  0. 
Vernon  Boys,  Demonstrator  of  Physics,  Normal  School  of 
Science,  South  Kensington']. 

DURING  the  severe  weather  of  last  winter,  Mr.  L,  S. 
Powell  proposed  to  me  a  scheme  for  |)reventing  the 
possibility  of  water-pipes  bursting  through  frost ;  and  I  have 
since  learnt  that  Mr.  Mangnall,  of  Manchester,  independently 
hit  upon  the  same  idea.  As  far  as  I  can  remember,  there 
were  some  letters  in  the  '  Times  '  describing  the  use  of  india- 
rubber  pipes  containing  air  inserted  in  the  service-pipes.  This 
would  obviously  prevent  pipes  from  bursting;  for  the  pressure 
is  of  a  nature  that  is  relieved  by  a  comparatively  small  expan- 
sion; and  this  the  india-rubber  tube  allows  to  take  place  in  the 
surrounding  water  when  it  collapses.  There  is,  however,  one 
serious  objection  to  this,  which  is  the  possibility  of  the  detach- 
ment of  one  end  of  the  flexible  tube,  in  which  case  a  rush  of 
water  might  cause  it  to  accumulate  in  one  place  and  obstruct 
the  passage. 


*  rroceediiigs  of  Koyal  Society,  1877. 

+  Communicated  by  the  Physical  Society,  haviug  been  read  at  the 
Meeting  ou  November  12,  1881. 
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Mr.  Powell's  plan  is  to  make  the  piping"  elliptical — either 
before  it  is  laid,  in  which  case  it  may  be  made  of  that  form  ori- 
ginally or  by  passing  round  pipe  through  rollers,  or  afterwards, 
Avhen  suitable  hand-squeezers  will  effect  the  result  without  the 
necessity  of  removal.  As  will  afterwards  be  seen,  it  is  not 
necessary  that  the  pipe  should  be  elliptical  throughout ;  if 
left  round  under  staples  and  in  other  inaccessible  places,  the 
adjacent  elliptical  portions  ensure  safety.  The  principle,  of 
course,  is  obvious.  As  is  well  known,  the  Bourdon  pressure- 
gauge  depends  on  the  fact  that  the  area  of  an  elliptical  pipe  is 
less  than  that  of  a  circle  of  equal  perimeter :  therefore  during 
increased  pressure  its  section  becomes  more  circular;  increased 
circularity  of  section  produces  diminished  curvature  in  the  form 
of  the  pipe  ;  and  so  the  movements  of  the  end  of  the  pipe  are  used 
to  measure  pressure.  Thin  brass  is  used  for  this  purpose,  and  is 
so  elastic  that  it  returns  to  its  original  form  when  the  pressure  is 
removed;  and  so  an  indefinite  number  of  increments  and  de- 
crements of  pressure  may  be  measured  by  it.  The  case  of  the 
elliptical  water-piping  is  different.  Here  there  is  not  a  defi- 
nite pressure  to  withstand,  but  a  definite  increase  of  volume  ; 
and,  moreover,  if  this  increase  of  volume  is  resisted,  a  practi- 
cally infinite  force  arises  to  break  down  the  resistance.  The 
question  then  is,  how  best  to  allow  of  this  increase  of  volume. 
The  method  of  the  indiarubber  pipes  I  have  already  mentioned. 
The  other  plan  is  to  make  them  of  an  elliptical  or  other-thau- 
round  section.  There  is,  however,  far  more  in  this  suggestion 
than  one  would  be  likely  to  see  at  first.  Consider  the  case  of 
a  round  pipe  in  which  water  is  beginning  to  freeze.  Increase 
of  volume  must  take  place  somewhere.  No  pipe  can  bo  abso- 
lutely uniform  in  strength  everywhere.  So  wherever  a  place 
occurs  which  happens  to  be  a  little  weaker  than  the  rest,  no 
matter  how  little,  that  place  will  stretch,  and  necessarily 
stretch  more  than  other  places.  But  when  a  round  pipe 
stretches,  two  things  happen — its  diameter  increases  and  its 
thickness  decreases ;  therefore,  as  the  strength  of  a  tube  to 
resist  bursting  is  inversely  as  the  diameter  and  directly  as  the 
thickness,  each  of  these  effects  makes  the  stretched  portion 
still  weaker  than  the  neighbouring  parts  ;  therefore  a  round 
pipe  under  the  action  of  frost  is  in  a  state  of  unstable  equili- 
brium ;  the  consequence  is,  knobs  form  on  the  pipe,  and  ulti- 
mately burst. 

Now  consider  thecase  of  an  elliptical  pipe,  of  such  strength, 
of  course,  as  to  stand  the  ordinary  water-pressure.  As  before, 
suppose  some  portions  are  weaker  than  others.  When  expan- 
sion takes  place  they  will  suffer  most,  and  will  begin  to  give 
way.     But  an  elliptical  pipe  on  giving  becomes  more  circular, 
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and  this  the  more  easily  as  its  section  departs  more  from  the 
circle;  so  the  very  fact  of  its  becoming  more  circular  makes  it 
less  ready  to  change  its  form.  In  a  very  little  -svhile,  there- 
fore, though  originally  -weaker,  it  >yill  become  as  strong  as 
neighbouring  portions  :  therefore  an  elliptical  pipe  under  the 
action  of  frost  is  in  a  state  of  stable  equilibrium,  and,  instead 
of  giving  way  in  the  bulbous  manner  of  a  circular  pipe,  it  uni- 
formly becomes  more  circular.  Now  the  expansion  of  water 
in  becoming  ice  is  known;  and  therefore  it  is  easy  to  calculate 
by  compound  interest  how  many  complete  freezings  (that  is, 
freezings  from  one  end  of  the  pipe  to  the  other)  any  given 
section  of  piping  will  stand  before  it  becomes  round.  Of 
course,  in  practice,  the  whole  length  of  a  pipe  does  not  get 
frozen;  yet  if  it  were  originally  all  of  it  elliptical,  the  unfrozen 
portions  would  be  effective  in  preventing  the  more  exposed 

Earts  from  bursting  ;  because  as  soon  as  the  exposed  portions 
ave  become  rounder  than  the  rest,  the  latter,  and  not  the 
former,  will  }'deld.  If  two  places  in  the  pipe  become  com- 
pletely frozen  through  and  then  the  intermediate  portion 
freezes,  it  is  true  that  parts  beyond  the  frozen  plug  will  have 
no  effect. 

Mr.  Powell  and  I  tried  a  series  of  experiments  on  the  sub- 
ject to  see  if,  in  practice,  the  pipes  behaved  as  we  expected. 
We  obtained  a  quantity  of  f-inch  lead  pipe,  about  -j^  inch 
thick,  and  some  thin  composition  pipe  of  the  same  size.  The 
piping  was  cut  into  lengths  of  about  three  feet ;  half  of  them 
were  squeezed  into  an  approximately  elliptical  form,  and  the 
rest  left  circular  in  section.  The  degree  of  ellipticity  was 
such  that  the  major  axis  was  a  little  more  than  twice  the  minor 
axis.  One  end  of  each  pipe  was  squeezed  together  and  soldered. 
Into  the  other  ends  brass  plugs  cut  with  a  sharp  thread  were 
screwed  while  hot,  having  been  previously  smeared  with  a 
cement  of  rosin,  beeswax,  and  red-ochre.  After  these  plugs  were 
inserted  and  while  still  hot,  the  lead  was,  as  an  additional  pre- 
caution, squeezed  over  a  narrower  portion  of  the  plug  above 
the  screw-thread.  In  each  plug  a  hole  had  been  drilled  and 
tapped.  Through  these  holes  the  pipes  were  filled  Avith  water; 
and  then  iron  screws,  with  washers  of  leather  boiled  in  bees- 
Wax  and  tallow,  were  used  to  make  a  tight  joint.  The  pipes 
were  then  all  laid  together  in  a  long  box,  and  surrounded  with 
a  freezing-mixture.  When  a  short  test-pipe  of  the  same  dia- 
meter showed  that  the  water  was  com])letely  frozen,  the  pipes 
were  removed  and  thawed.  The  round  composition  pipe  was 
burst.  The  lound  lead  pipe  was  swollen  in  an  irregular 
manner.  The  elliptical  pii)ing  had  become  slightly  rounder, 
but  was  perfectly  uniform  in  shajie  from  end  to  end,  Avhich 
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was  not  tbe  case  when  it  was  put  in  tlie  freeziug-inixture. 
The  most  noticeable  thing,  however,  was  the  fact  that  all  the 
unburst  pipes  had  become  good  water-hammers,  and  tliis 
showed  that  leakage  could  not  have  occurred.  The  screws 
were  removed,  the  pipes  filled,  again  screwed  up  and  refrozen, 
and  this  was  repeated  till  all  were  burst.  The  round  lead  and 
the  thin  elliptical  composition  pipe  burst  at  the  third  freezing, 
and  the  elliptical  lead  pipe  at  the  sixth.  Judging  from  the 
fact  that  it  required  three  freezings. to  burst  the  round  pipe, 
one  might  be  led  to  suppose  that  a  round  pipe  Avould  last 
equally  long  nndcr  ordinary  conditions,  which  is  certainly  not 
the  case.  The  reason  is  that,  under  ordinary  conditions,  a 
greater  length  freezes  at  a  time  and  more  slowly;  and  a  slight 
inequality  arising,  the  expansion  from  a  greater  volume  of 
water  is  concentrated  on  the  weaker  places,  which  therefore 
give  way  during  the  second,  if  not  the  first,  freezing  of  the 
water. 

It  might  be  thought  that,  as  the  outer  layers  of  ice  are 
below  the  freezing-point  when  the  pipe  is  being  cooled,  they 
would  not  act  as  a  plastic  body  and  accommodate  themselves  to 
the  changing  form  of  the  pipe;  but  no  doubt  can  remain  as  to 
their  behaviour  in  this  respect  when  the  pipe  is  cooled  in  air; 
for  in  the  freezing-mixture,  where  the  rate  of  cooling  must  be 
much  more  rapid,  such  accommodation  takes  place  perfectly, 
even  thin  composition  pipes  changing  their  form  and  becoming 
round.  The  apparent  plasticity  of  the  ice  may  depend  on 
fracture  and  regelation;  for  if  the  outer  layers  are  below  the 
freezing-point,  and  a  bursting-pressure  is  brought  to  bear  on 
the  compound  pipe  formed  of  lead  and  ice,  it  might  yield,  the 
lead  bending  and  the  ice  cracking,  and  so  allowing  the  water 
to  penetrate  the  cracks  and  freeze  in  them.  Whether  this 
action  takes  place  or  not  does  not  much  matter :  the  result,  as 
in  the  somewhat  different  case  of  glacier-motion,  is  much  the 
same. 

If  the  pipe  is  made  of  such  a  form  that  it  will  not  become 
round  till  it  has  been  completely  frozen,  say,  three  times,  it 
will  take  a  great  many  frosts  to  burst  it,  as  those  jiarts  that 
do  not  freeze  easily  will  protect  the  more  exposed  portions  ; 
so  absolute  security  may  be  relied  upon  till  ordinary  round 
pipes  have  burst  once  or  twice  ;  and  then  the  now  nearly  round 
ones  may  be  squeezed  back  to  their  original  form.  The  choice, 
then,  is  between  two  evils  ;  either  burst  pipes,  with  the  usual 
damage  and  cost  of  repair,  or  the  trouble  of  inspection  every 
second  or  third  time  that  the  neighbours  find  that  the  "  thaw  " 
has  burst  theirs. 

We  thought  it  possible  that  iron  might  be  sufficicntlv  elastic 
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to  return  to  its  original  form ;  and  so  we  froze  water  in  two 
|-incli  iron  gas-pipes,  one  round  and  one  wliicli  bad  been  flat- 
tened wben  red-bot.  The  round  pipe  burst  tbe  first  time; 
the  flat  one  did  return  sHgbtly  wben  thawed,  but  not  enough 
to  prevent  its  bursting  during  tbe  second  operation. 

No  doubt  most  people  will  not  consider  this  proposal  of 
Mr.  Powell's  a  satisfactory  cure  for  burst  pipes  ;  they  would 
like  something  which  could  be  fixed  in  their  houses  and  which 
would  be  always  safe  without  further  attention.  But  till  such 
a  discovery  is  made^  I  think  elliptical  pipes  give  tbe  best  solu- 
tion of  a  problem  which  has  troubled  every  householder. 

As  the  subject  of  this  paper  is  of  physical  as  well  as  general 
interest,  I  hope  that  it  may  be  considered  not  unworthy  of  the 
attention  of  the  Physical  Society. 


XXXI.   Electro-optic  Eaperiments  on   various  Liquids.     By 
John  Kerr,  LL.D.,  Free  Church  Training  College,  Glasgow. 

[Concluded  from  p.  169.] 

Sulphides,  {CnHon+i^^' 

13.  rilHESE  are  purely  negative,  and  rise  in  power  as  u 
-L  increases  ;  they  are  weaker  than  the  corresponding 
oxides,  but  much  stronger  than  the  hydroxides. 

Ethgl  sulphide,  not  a  clean  liquid,  i-equircd  the  jar  and  10 
to  20  turns  of  the  ]ilato.  The  effect  was  purely  negative, 
strengthened  by  compression  parallel  to  lines  of  force,  and 
extinguished  by  tension. 

Butyl  sulphide,  tried  as  a  nonconductor,  gave  a  very  faint 
effect,  which  was  barely  characterizable  as  negative.  Tried 
then  as  a  conductor,  with  increasing  charges  of  the  jar,  it  gave 
a  set  of  brilliant  effects,  always  purely  negative. 

Amyl  sulphide,  Vi  feeble  photogyre,  hardly  separating  the  red 
and  blue  at  extinction,  was  rather  stronger  than  the  last.  It 
acted  well  as  a  nonconductor,  giving  a  clear  oflect  which  was 
purely  negative.  As  a  conductor,  with  increasing  charges,  it 
gave  increasingly  brilliant  effects,  always  negative  by  both 
tests. 

Ethyl  disul/ihide  was  also  examined,  and  was  found  to  be 
purely  negative,  like  the  protosulphide,  but  much  stronger. 
As  a  nonconductor  it  gave  a  pure  and  moderately  strong  effect; 
and  as  a  conductor,  with  increasing  charges  of  tbe  jar,  it  gave 
a  fine  series  of  restorations,  all  purely  negative,  extinguished 
perfectly  by  tension  parallel  to  lines  of  force. 
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Mercaptans,  0„H2„+iHS. 

14.  These  are  purely  positive,  and  rise  in  power  as  n  in- 
creases ;  they  arc  stronger  than  the  corresponding  fixtty  acids. 

Etliyl  hi/drosulphide  acted  very  well  in  the  plate  cell  as  a 
conductor,  Avithout  the  jar.  The  eftect  from  extinction  was  not 
very  faint,  and  was  slow  enough  to  be  characterized  as  purely 
positive. 

Buti/i  hi/drosulphide  is  distinctly  stronger.  As  a  noncon- 
ductor, it  gave  a  faint  but  clear  effect,  which  was  purely  posi- 
tive ;  and  as  a  conductor,  with  increasing  charges  of  the  jar, 
it  gave  a  set  of  increasingly  brilliant  effects,  which  were  all 
strengthened  by  tension  parallel  to  lines  of  force,  and  all  weak- 
ened to  perfect  extinction  by  the  proper  compression. 

Aijii/l  Jiydrosrdpliide,  not  a  clean  sample,  acted  very  like  the 
last,  but  was  rather  stronger.  As  a  nonconductor  (spark 
\  inch)  it  gave  a  good  though  faint  effect,  which  was  purely 
positive  ;  and  as  a  conductor,  with  moderate  charges  of 
the  jar,  it  gave  an  intense  restoration,  which  was  always 
extinguished  perfectly  by  the  proper  compression  parallel 
to  lines  of  force. 

Formates,  0H(C„H2„+i)02. 

15.  These  are  active  only  as  conductors,  and  certainly  posi- 
tive ;  but  the  effects  are  faint  and  impure,  the  flame  restored 
in  the  polariscope  being  distorted  and  streaky.  This  form  of 
disturbance  was  noticed  already,  though  in  a  milder  form,  in 
the  allyl  and  ethylene  alcohols. 

Methyl  formate,  with  moderate  charges  of  the  jar,  gave  an 
effect  which  Avas  faint  and  not  at  all  pure,  but  certainly  posi- 
tive, strengthened  by  tension  parallel  to  lines  of  force,  and  not 
sensibly  affected  by  compression. 

Ethyl  formate,  with  good  charges  of  the  jar,  acted  rather 
better.  The  effect  was  strengthened  by  tension  parallel  to 
lines  of  force,  and  much  weakened  by  compression. 

Amyl  formate  acted  very  like  the  other  two.  With  mode- 
rate charges,  the  effect  was  pretty  strong  and  distinctly  positive, 
strengthened  by  tension,  and  either  weakened  or  not  affected 
by  compression.  When  the  discharges  were  intense,  the  dis- 
turbance masked  the  regular  effect  completely. 

Acetates,  C2H3(CaH2„+i)02. 

16.  These  are  distinctly  positive,  and  otherwise  like  the 
formates ;  but  the  effects  are  purer. 

Methyl  acetate  required  the  jar.  With  moderate  charges 
the  effect  was  very  abrupt  but  certainly  positive,  strengthened 
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by  tension,  and  not  affected  by  compression.  The  RuhmkorfF- 
discharges  gave  afterwards  an  effect  which  was  more  purely 
positive,  weakened  regularly  by  compression  ;  but  the  liquid 
was  now  very  much  disturbed,  and  there  was  a  large  heat- 
effect  after  a  few  discharo-es. 

Ethyl  acetate  acted  hardly  so  well  as  the  last.  With  mode- 
rate charges  of  the  jar,  there  was  a  large  deformation  of 
the  flame,  and  the  regular  effect  was  very  faint,  not  seizable 
indeed  without  the  hand  compensator  ;  but  it  w\as  clearly 
positive,  strengthened  by  tension,  and  darkened  by  compres- 
sion. 

JBtiti/l  acetate  acted  much  better.  As  a  conductor^  without 
the  jar,  it  gave  a  clear  effect  which  was  purely  positive  by 
both  tests  ;  and  v^^ith  these  feeble  discharges  the  disturbance 
of  the  flame  was  hardly  noticed. 

Amyl  acetate  acted  still  better,  but  not  without  the  jar. 

With   moderate    charo-es    it  o-ave  a    o-ood   effect,  Avhich  was 

.,  ^  ^  111 

purely  positive,  strengthened  by  tension,  and  extinguished  by 

comjjressiou.     With  strong  discharges  the  effect  was  still  very 

fine,  and  purely  positive  by  both  tests,  the  deformation  of  the 

flame  being  hardly  sensible. 

Biittjmtes,  C^H^CC^Hs^+OOo. 

17.  The  regular  effects  in  these  compounds  are  purely  po- 
sitive and  undisturbed,  much  stronger  and  finer  than  in 
the  acetates. 

Metlojl  hidyrate  acted  well  as  a  conductor,  with  or  without 
the  jar,  giving  a  series  of  fine  effects  with  increasing  charges, 
and  without  any  apparent  disturbance.  The  effect,  weak  or 
strong,  M^as  purely  positive,  extinguished  always  by  the  proper 
compression  parallel  to  lines  of  force. 

Ethyl  hutyrate,  an  impure  sample,  was  hardly  so  strong 
as  the  last,  requiring  the  jar  and  five  or  more  turns  of  the 
plate.  With  good  charges  the  effect  was  strong,  and  purely 
positive  by  both  tests. 

Ethyl  isohutyrate  was  much  stronger,  acting  well  as  a  non- 
conductor, and  reminding  me  of  the  weaker  hydrocarbons, 
amyleue  &c.  With  strong  charges  of  the  jar  it  gave  a  strong, 
slow,  and  very  fine  effect,  purely  positive  by  both  tests,  and 
without  sensible  disturbance. 

Isohutyl  isohutyrate  gave  a  fine  and  purely  positive  effect 
as  a  nonconductor.  There  was  no  sensible  disturbance  even 
when  the  electric  force  was  strongest.  The  action  improved 
evidently  for  a  time  as  the  experiment  proceeded,  and  appeared 
to  be  at  last  as  strong  as  that  of  benzol. 
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Valerates,  C5H9(C„H2»4-i)02. 

18.  These  are  clearly  positive,  acting  better  than  the  acetates, 
but  not  so  well  as  the  butyrates. 

Methi/l  vak'j-dlc.  with  strong  charges  of  the  jar,  gave  a  faint 
effect  which  was  distinctly  positive,  strengthened  by  tension, 
and  weakened  by  compression.  The  effect  was  very  impure, 
the  flame  beino-  much  deformed. 

Ethyl  valerate  was  much  stronger,  and  its  action  was  almost 
perfectly  pure.  As  a  nonconductor,  it  gave  a  clear,  but  very 
faint,  restoration  from  extinction.  As  a  conductor,  with  in- 
creasing charges,  it  gave  a  series  of  fine  effects,  all  purely 
positive,  strengthened  by  tension,  and  extinguished  by  com- 
pression. 

Amijl  valerate,  a  much  stronger  photogyre  than  either  of 
the  other  two,  acted  only  as  a  conductor,  and  required  the  jar. 
The  regular  eti'ect,  not  strong  in  any  case,  was  always  purely 
positive  by  both  tests. 

Benzoates,  C7Hj(CV,H2ii-)-i)02. 

19.  These  are  purely  positive,  and  about  as  strong  as  the 
butyrates. 

Methjl  henzoate  acted  clearly  as  a  conductor  ;  l)ut  the  effect 
Avithout  the  jar  was  too  abrupt  to  bo  characterized.  With 
small  charges  of  the  jar  the  effect  was  positive  by  one  test, 
strengthened  by  tension,  and  either  weakened  or  not  sensiblv 
aftectetl  by  compression. 

Etliijl  henzoate,  as  a  nonconductor,  gave  a  faint  but  very  good 
restoration,  which  was  purely  positive.  Tried  then  as  a  con- 
ductor, Avith  and  without  the  jar,  it  gave  an  intense  and  very 
slow  effect,  alwaj's  purely  positive  by  both  tests. 

Amyl  henzoate,  not  a  clean  sample,  acted  only  as  a  conduc- 
tor. With  moderate  charges  of  the  jar,  it  gave  an  intense  and 
slow  effect  which  was  always  purely  positive,  the  extinction- 
bands  being  brought  in  very  finely  b}-  compression  parallel  to 
lines  of  force. 

Nitrates,  O.Min+x^O^. 

20.  These  are  weak  insulators  in  comparison  with  most  of 
the  preceding  ethers  :  they  are  clearly  but  not  verv  purely 
positive. 

Ethyl  nitrate  as  a  conductor,  without  the  jar,  gave  a  resto- 
ration which  was  distinct,  but  very  faint  and  abrupt.  With 
moderate  charges  of  the  jar,  the  effect  was  seen  to  be  positive, 
strengthened  by  tension,  but  not  affected  by  compression. 
With  strong  charges  the  effect  was  still  very  abrupt,  neither 
pure  nor  very  strong,  but  certainly  positive. 


252  Dr.  J.  Kerr's  Electro-optic 

Butyl  nitrate  is  stronger,  giTing  a  sure  trace  of  effect  as  a 
nonconductor.  Tried  as  a  conductor,  with  moderate  charges 
of  the  jar,  it  gave  a  strong  restoration  which  was  certainly 
positive,  strengthened  by  tension,  but  not  affected  by  com- 
pression. With  very  strong  charges  the  effect  was  brilliant, 
but  still  too  abrupt,  being  absolutely  unaffected  by  compression 
parallel  to  lines  of  force  ;  but  the  contrast  between  the  effects 
of  tension  and  compression  was  always  perfectly  clear. 

Amyl  nitrate,  a  feeble  photogyre,  is  very  like  the  last,  cer- 
tainly, but  not  quite  purely,  positive.  With  strongest  charges 
of  the  jar,  the  effect  was  still  unmanageably  abrupt  for  the 
second  test ;  and  the  liquid  was  sensibly  disturbed. 

Nitrites,  CnHgn+iISrOs. 

21.  Ethyl  nitrite  was  in  solution  (10  p.  c),  and,  when  tried 
with  strong  charges  of  the  jar,  gave  a  very  faint  effect  which 
was  apparently  positive. 

Amyl  nitrite  acted  well  with  moderate  charges  of  the  jar. 
Although  the  liquid  was  disturbed  sensibly  by  discharge,  the 
regular  effect  was  seen  to  be  certainly  positive,  strengthened 
by  tension,  and  either  weakened  or  not  affected  by  compression. 

Otiier  compounds  of  C,  H,  0. 

22.  Aldehyd,  C2H4O,  is  negative,  and  hardly  so  strong  as 
ethyl  alcohol.  "V^^ith  EuhmkorfP-discharges,  and  with  precau- 
tions against  permanent  heat-effects,  it  gave  a  good  restoration, 
regular  though  very  faint,  which  was  clearly  strengthened  by 
compression  but  not  by  tension. 

Acetone,  CsHgO,  is  stronger  than  the  last,  clearly  positive, 
but  a  very  feeble  insulator.  With  good  charges  of  the  jar  it 
gave  a  clear  effect,  not  characterizable.  With  separate  dis- 
charges of  the  coil,  it  gave  a  fine  but  still  faint  restoration 
from  extinction,  which  was  strengthened  by  tension,  but  not 
affected  by  compression. 

Valeral,  C5H10O,  is  stronger  than  the  last,  and  clearly  posi- 
tive. With  moderate  charges  of  the  jar  it  gave  a  good  but 
abrupt  effect,  strengthened  by  tension,  but  not  affected  by 
compression.  With  the  coil,  the  effect  was  very  strong,  still 
not  affected  by  compression  ;  but  the  contrast  between  tension 
and  compression  was  regular  and  perfectly  clear,  proving  the 
liquid  to  be  purely  positive,  but  a  very  weak  insulator. 

(Enanthol,  C^^^Jd,  is  still  stronger,  and  purely  positive. 
As  a  conductor,  without  the  jar,  it  gave  a  clear  though  faint 
restoration.  With  moderate  charges  of  the  jar,  the  effect  was 
good  though  still  faint,  strengthened  by  tension,  and  extin- 
guished by  compression.     With  strong  discharges,  the  effect 
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was  more  intense  hut  not  so  pure,  the  liquid  heiug  much 
disturbed. 

Benzoyl  hydride,  or  oil  of  hitter  almonds  (C7  H5  0,  H),  is 
positive,  and  a  very  weak  insulator.  Without  the  jar,  it  gave 
a  clear  restoration,  too  abrupt  for  the  hand-compensator. 
With  moderate  charges  of  the  jar,  the  effect  was  still  extremely 
quick  but  certainly  positive,  strengthened  by  tension,  and  not 
affected  by  compression. 

Ethylene  monacetate,  CiHgOs,  ranks  with  the  other  acetates 
and  the  formates  as  very  impurely  positive.  With  weak  dis- 
charges of  the  jar,  the  effect  was  too  faint  to  bo  characterized, 
or  even  regularly  seized  ;  and  w^ith  strong  discharges  of  the 
coil,  the  liquid  was  very  much  disturbed.  With  moderate 
charges  the  effect  was  to  all  appearance  positive,  but  very 
impure  at  the  best. 

Methyl  salicylate,  or  oil  of  wintergreen,  Cg  Hg  O3,  is  purely 
positive.  As  a  conductor,  Avithout  the  jar,  it  gave  a  sensible 
but  very  faint  restoration.  With  strong  charges  of  the  jar, 
the  effect  was  pretty  strong  and  certainly  positive,  the  contrast 
between  tension  and  compression  being  clear  and  regular, 
though  there  was  no  weakening  in  any  case  by  compression. 

The  effect  was  examined  afterwards  more  closely  with  the 
RuhmkorflP-discharges,  and  with  a  special  eye-piece  described 
in  one  of  my  former  papers — an  acute  prism  of  glass,  revolving 
regularly  round  the  line  of  vision,  and  exhibiting  the  progress 
of  the  phenomenon  in  time  as  an  extension  in  space.  Viewed 
in  this  way,  the  effect  was  strengthened  by  tension  as  formerly, 
and  was  also  extinguished  regularly  and  perfectly  by  com- 
pression. I  have  already  referred  to  this  form  of  experiment 
as  one  that  would  afford  a  clear  proof  of  the  |««'?Y?/ of  positive 
or  negative  character  of  a  dielectric,  in  cases  where  the  hand- 
compensator  gives  a  sensible  increase  of  intensity  when  con- 
spiring with  the  electric  strain,  hut  no  sensible  decrease  when 
opposing  it.    ' 

23.  Beesimx  is  purely  negative,  as  are  also  all  the  fused 
fats  that  have  been  examined,  with  the  exception  of  sperma- 
ceti, which  is  strongly  positive. 

Palm-oil,  cacao-butter,  lard,  and  tcdlow  were  tried  succes- 
sively in  the  fusion-cell  as  examples  of  the  fats.  There  was 
generally  a  little  disturbance  by  movements  in  the  liquid;  but 
the  optical  effects  were  distinctly  and  regularly  negative, 
strengthened  by  compression,  and  neutralized  by  tension. 

Spermaceti  was  then  tried  in  the  same  way,  and  w\as  found 
to  be  purely  positive,  like  sperm-oil  among  the  fixed  oils  ;  but 
it  was  much  stronger  than  was  expected,  stronger  indeed  than 
any  of  the  negative  fats.     As  a  nonconductor,  and  with  a  half 
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or  quarter  turn  of  the  plate,  it  gave  a  strong  and  purely  posi- 
tive effect  from  extinction,  -without  sensible  disturbance  of  any 
kind. 

A  thing  noticed  in  most  of  the  fused  fats,  and  strikingly 
apparent  in  the  case  of  spermaceti,  was  the  sluggishness  of 
rise  and  fall  of  the  electro-optic  action.  When  strong  electric 
force  was  applied,  the  optical  effect  rose  gradually  to  its  full 
intensity,  through  1  or  nearly  2  seconds  ;  and  again,  when  the 
apparatus  was  discharged,  the  light  fell  to  sensible  extinction 
still  more  slowly,  through  20  or  more  seconds.  This  was  evi- 
dently a  thing  of  the  same  kind  as  the  gradual  rise  and  fall 
of  effect  which  I  observed  long  ago  in  glass  ;  but  the  electric 
stress  in  that  case  was  much  more  intense,  and  the  duration 
of  the  phenomenon  much  greater,  extending  even  to  20  or  30 
minutes. 

Beeswax,  purified  but  unbleached,  was  tried  in  the  same 
way  as  the  fats,  and  was  found  to  be  purely  negative,  and 
almost  as  strong  as  spermaceti. 

White  wax,  a  colourless  and  very  clear  plate  in  the  fusion- 
cell,  gave  a  finer  and  stronger  effect,  still  purely  negative. 

Other  Compounds  of  C,  H,  N. 

24.  Aniline,  Cg  H7  N,  is  purely  negative.  Two  samples 
were  examined.  One  of  them,  tried  with  plate  machine  and 
strongest  charges  of  the  jar,  gave  a  ftiint  effect  which  was 
purely  negative,  strengthened  by  compression,  and  extin- 
guished by  tension.  The  other  sample,  Avhich  was  much 
deeper  in  colour,  gave  no  trace  of  effect  with  the  jar  ;  but 
with  the  Ruhmkorff's  coil  it  gave  intense  restorations,  which 
were  purely  negative  by  both  tests. 

Alhjlamine,  C3H.5NH2,  is  very  feebly  negative.  With 
the  Ruhmkorff-discharges,  the  restorations  from  extinction 
were  perfectly  clear  and  regular,  but  very  difficult  to  charac- 
terize. Upon  the  whole,  the  effect  appeared  to  be  certainly 
negative  ;  but  it  was  very  faint,  and  somewhat  impure  at  the 
best. 

Capronitrile,  Gq  Hh  N,  is  feebly  but  clearly  negative.  Was 
tried  in  the  same  wav  as  allvlamine,  and  acted  rather  better, 
the  restorations  from  extinction  being  very  pure  and  regular, 
but  still  rather  difficult  to  characterize.  On  the  whole,  the 
effect  was  clearly  negative,  strengthened  by  compression,  and 
not  affected  bv  tension. 

JJenzonitrilc,  C^  H.,  ON,  is  ])urely  and  strongly  positive. 
Tried  as  a  conductor,  without  the  jar,  it  gave  an  intense  and 
very  fine  effect,  which  was  strengthened  by  tension  parallel  to 
lines  of  force,  and  extinguished  perfectly  by  compression. 
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This  dielectric  reminded  me  of  nitrobenzol  ;  but  the  action 
was  much  less  abrupt,  and  therefore  more  easily  characterized. 

Azobenzol,  C12  Hq  N12,  fuses  at  65°  C.  into  a  clean  and  trans- 
parent liquid  of  a  deep  red  colour.  Tried  in  the  fusion-cell 
as  a  conductor,  with  increasino-  charges  of  the  jar,  it  gave  a 
series  of  tine  and  increasingly  brilliant  effects,  all  purely  posi- 
tive. 

Diphenylamine,  C12  H  Nu,  fuses  at  54°  C.  into  a  transparent, 
colourless,  and  very  volatile  oil.  Tried  in  the  fusion-cell  as  a 
conductor,  with  moderate  charges  of  the  jar,  it  gave  a  pretty 
strong  effect  which  was  purely  positive*.  With  strong  charges, 
the  regular  effect  was  masked  in  some  degree  by  movements 
in  the  liquid. 

Dunethf/laniline,  0^  H^  N,  is  purely  positive.  Tried  in  the 
plate  cell  as  a  conductor,  without  ilie  jar,  it  gave  a  good 
restoration,  which  was  too  quick  to  be  characterized.  With 
small  charges  of  the  jar,  the  effect  was  very  strong  and  purely 
positive,  strengthened  by  tension,  and  extinguished  by  com- 
pression. 

Conine  gave  no  trace  of  effect,  even  with  the  strongest  dis- 
charges of  the  coil.  My  sample  was  almost  opaque,  and  cer- 
tainly far  from  pure. 

Compounds  containing  CI  or  Br. 

25.  Benzyl  cJdoride,  C7H7CI,  is  clearly  positive,  but  acts 
only  as  a  conductor.  Tried  with  the  jar,  it  gave  no  effect 
with  5  turns,  a  good  effect  with  10  or  more  turns;  strengthened 
always  by  tension,  and  sensibly  weakened  by  compression. 
My  sample  was  not  very  clean. 

Chloi'ohenzol,  C7  Hg  CL,  is  purely  positive.  Acted  well, 
though  feebly,  as  a  nonconductor,  giving  an  effect  which  was 
strengthened  by  tension  and  extinguished  by  compression. 

Ethylene  chloride,  Cg  H^  CI2,  is  uncertain.  It  did  give  a 
faint  and  apparently  regular  effect  with  strong  discharges  ; 
but  the  disturbance  (as  in  the  formic  ethers)  was  excessive, 
and  made  the  determination  of  the  sign  impossible.  The  re- 
sults obtained  with  the  next  liquid  make  it  probable,  if  not 
certain,  that  the  failure  in  the  present  case  was  due  to  im- 
purity of  the  sample. 

Ethylene  bromide,  C2  H4  Brs,  is  purely  and  strongly  positive. 
Tried  as  a  nonconductor  (spark  J  inch),  it  gave  a  fine  steady 
restoration,  which  was  strengthened  by  tension,  and  extin- 
guished perfectly  by  compression.  As  a  conductor,  with  in- 
creasing charges  of  the  jar,  it  gave  a  series  of  fine  effects, 
Avhich  rose  through  a  large  range  of  intensity,  always  purely 
positive. 
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Chloroform,  C  H  CI3,  is  purely  negative  and  pretty  strong. 
As  a  nonconductor,  it  gave  a  fine  and  purely  negative  resto- 
ration from  extinction.  As  a  conductor,  with  increasing 
charges,  it  gave  a  set  of  increasingly  brilliant  effects,  always 
purely  negative,  extinguished  perfectly  by  tension  parallel  to 
lines  of  force.  With  strono-  discharo-es,  there  was  a  fine  exhi- 
bition  of  extinction-bandsj  narrow  and  strong,  brought  in  by 
tension  parallel  to  lines  of  force. 

Bromoform,  as  was  expected,  is  also  purely  negative,  but 
weaker  than  chloroforni.  As  a  conductor,  with  the  jar,  it 
gave  a  clear  effect  with  5  turns,  strong  with  10  or  more  turns, 
and  always  purely  negative. 

Acetyl  cliloride,  C2  H3  OCl,  is  purely  negative.  As  a  con- 
ductor, with  strong  charges  of  the  jar,  it  gave  an  effect  from 
extinction  which  was  merely  strong  enough  to  be  characterized 
as  certainly  negative,  being  strengthened  by  compression, 
and  weakened  by  tension.  "With  the  coil  afterwards,  there 
was  a  certain  disturbance  ]3roduced  in  the  liquid  by  each  dis- 
charge ;  but  the  regular  effect  was  clearer  and  stronger  than 
formerly,  and  always  negative  by  both  tests. 

Chloral,  C2  ^^3  OH,  is  positive.  As  a  conductor,  with  the 
jar,  it  gave  a  good  restoration  with  10  or  more  turns  of  the 
plate.  The  effect  was  regularly  strengthened  by  tension,  but 
not  sensibly  affected  by  compression. 

Chlorpicrin,  CCI3NO2,  is  purely  negative.  Tried  as  the 
last,  it  gave  a  clear  effect  with  5  turns,  strong  with  10  or  more 
turns  ;  and  the  restored  light  was  always  strengthened  by 
compression,  and  always  extinguished  by  the  proper  tension. 

26.  Carbon  tetrachloride  is  purely  positive,  like  the  dichloride 
(formerly  examined),  but  much  weaker.  Tested  for  insulation, 
it  gave  a  good  spark  {\  inch)  from  the  prime  conductor. 
The  optical  effect  was  not  proportionably  strong,  not  visible 
indeed  from  pure  extinction ;  but  with  the  assistance  of  the 
hand-compensator  it  was  brought  out  very  clearly,  and  was 
found  to  be  purely  positive.  There  was  no  advantage  obtained 
by  trial  of  the  liquid  as  a  conductor,  with  or  without  the 
jar. 

Sulphnr  chloride  is  purely  positive.  As  a  conductor,  with 
strong  changes  of  the  jar,  it  gave  a  faint  but  good  effect, 
which  was  strengthened  by  tension,  and  clearly  weakened  by 
compression. 

Phosphorus  trichloride  is  purely  negative,  and  stronger 
than  the  last.  As  a  conductor,  with  small  charges  of  the  jar, 
it  gave  a  moderately  strong  restoration  from  extinction  ;  and 
the  effect  was  regularly  strengthened  by  compression,  and 
extinguished  by  tension. 
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Other  Com2)Ounds  and  Solutions. 

27.  Amyl  sulphocyanide,  Cg  Hn  NS,  is  positive.  As  a  con- 
ductor, without  the  jar,  it  gave  distinct  restorations,  too  foint  and 
quick  to  be  characterized.  With  strong  charges  of  the  jar, 
the  eti'ect  was  strong,  and  always  distinctly  positive  though 
very  abrupt,  strengthened  by  tension,  and  not  attected  by 
compression. 

Allyl  sulplwcyanide,  or  oil  of  mustard-seed,  C3  H5  CNS,  is 
positive.  With  strong  charges  of  the  jar  it  gave  a  clear 
effect,  which  Avas  too  abrupt  for  the  hand-compensator,  but 
apparently  positive.  With  the  Ruhmkortf-discharges  the 
effect  was  stronger  and  still  very  abrupt ;  but  it  was  certainly 
positive,  strengthened  by  tension,  and  not  affected  by  com- 
pression. ^Vith  very  strong  discharges  the  liquid  was  con- 
siderably disturbed. 

Tliialdine,  Cg  H13  N  S2,  fuses  into  a  transparent  plate  at  43° 
C.  In  the  fusion-cell,  with  moderate  charges  of  the  jar,  it 
gave  a  clear  effect,  pretty  strong  but  very  abrupt,  certainly 
negative,  being  regularly  strengthened  by  compression,  and 
not  affected  by  tension. 

Oil  of  sage  is  purely  positive.  The  initial  extinction  was 
imperfect,  the  liquid  being  a  weak  photogyre.  With  small 
charges  of  the  jar,  there  was  a  good  and  purely  positive  re- 
storation from  extinction. 

28.  Several  aqueous  solutions  were  tried  in  the  plate  cell, 
but  with  no  results  worth  mentioning,  except  in  the  two  cases 
of  CI  and  SO2. 

Chlorine  in  water  is  feebly  but  purely  negative.  The  water 
was  distilled  specially  for  the  experiment,  saturated  with  the 
gas,  and  then  examined  immediately.  With  strong  dis- 
charges of  the  coil,  there  were  distinct  restorations  from  ex- 
tinction, very  faint  but  perfectly  regular,  clearly  strengthened 
by  compression,  and  clearly  weakened  by  tension.  The  effects 
were  to  me  barely  visible  ;  but  they  were  as  distinct  as  any 
very  faint  effects  could  be;  they  were  also  recovered  re- 
gularly on  repetition  of  the  experiment,  and  with  two  succes- 
sive charges  of  the  li([uid. 

Bromine  in  water  had  been  examined  some  time  before,  and 
had  been  entered  in  my  note-book  as  very  apparently,  but  very 
feebly,  negative. 

SO2  in  water  is  also  purely  negative.  The  experiment  was 
made  immediately  after  a  similar  one  with  water  alone ;  and 
the  contrast  between  the  two  was  perfect,  water  being  regu- 
larly and  purely  positive,  and  SO2  in  water  as  regularly  and 
purely  negative,  but  rather  feebler.     The  solution  of  sulphurous 
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acid  was  not  noticeably  stronger  or  M'eaker  electro-optically 
than  tlie  chlorine  solution. 

Summary. 

20.  The  principal  results  of  the  experiments  are  briefly 
summed  up  in  the  following  statements,  the  numbers  of  the 
corresponding  articles  being  attached  in  each  case  for  re- 
ference. 

The  elementary  bodies  bromine,  phosphorus,  sulphur,  all 
in  the  liquid  state,  are  purely  and  strongly  positive  (3) . 

The  hydrocarbons  are  nonconductors  and  purely  positive, 
without  known  exception.  The  induction  effected  up  to  this 
time  is  a  mere  beginning  in  such  an  immense  field  ;  but  it 
includes  examples  of  the  alcohol  radicals  or  their  hydrides,  of 
the  benzol  series,  of  the  defines,  the  paraffins,  and  the  tere- 
benes  ;  also  cinnamol  and  naphthalin.  Among  the  hydro- 
carbons, great  density  is  generally  accompanied  by  high 
electro-optic  power  (4). 

The  common  alcohols  are  negative  as  a  class.  From  the 
higher  members  downwards,  the  negative  electro-optic  power 
diminishes  regularly,  till  it  passes,  in  the  last  step  of  the  series 
(ethyl  to  methyl),  from  feeble  negative  to  feeble  positive, 
Distilled  water  also  is  distinctly  positive  (5). 

Of  the  series  of  fatty  acids,  those  liquid  at  ordinary  tem- 
peratures are  in  constant  opposition  of  sign  to  the  correspond- 
ing alcohols  ;  they  are  also  very  much  stronger.  Of  those 
that  are  solid  at  ordinary  temperatures,  two  ha^'c  been  ex- 
amined in  a  state  of  fusion,  and  are  found,  on  the  contrary,  to 
be  strongly  negative  ((),  7). 

Of  other  alcohols  and  acids,  the  allyl,  benzyl,  cinnyl  al- 
cohols are  negative  ;  the  diatomic  glycol  and  the  triatomic 
glycerin  are  feebly  and  impurely  negative  ;  phenol  is  distinctly 
positive,  though  in  its  chemical  relations  rather  an  alcohol 
than  an  acid  ;  the  oleic  and  lactic  acids  are  both  positive,  the 
former  strong,  the  latter  very  feeble  (8). 

The  oxides  of  ethyl  and  amyl  are  purely  negative,  and 
stronger  than  the  corresponding  alcohols.  Amyl  oxide  is  a 
moderately  good  insulator,  and  one  of  the  best  negative  dielec- 
trics yet  known  (9). 

The  haloid  others  are  purely  positive,  and  rise  in  power 
from  one  series  to  another  in  the  order  I,  Br,  01  ;  they 
generally  rise  also  in  power  from  lower  members  upwards. 
Some  of  them  show  an  extraordinary  increase  of  insulating  and 
electro-optic  powers  as  the  experiment  jn'oceeds.  Amyl  chloride 
is  one  of  the  best  positive  dielectrics  known  :  amyl  bromide 
also  is  very  strong  (10,  11.  12). 
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The  sulphides  of  the  alcohol  radicals  are  purely  negative 
and  weaker  than  the  corresponding  oxides,  but  much  stronger 
than  the  alcohols.  From  lower  members  upwards  they  rise 
in  electro-optic  power  (13). 

The  hydrosul[)hides  are  purely  positive,  and  stronger  than 
the  correspontling  ftitty  acids.  From  lower  members  upwards 
they  rise  in  power  (14). 

Of  the  compound  ethers,  all  that  have  been  examined  are 
clearly  positive  ;  and  they  include  examples  of  the  formates, 
acetates,  Ijutyrates,  valei-ates,  benzoates,  nitrates,  and  nitrites. 
The  optical  efiects  are  pure  in  the  butyrates,  but  more  or  less 
disturbed  in  the  others,  impure  in  the  acetates,  very  impure 
in  the  formates  (15-21). 

The  following  table  contains  a  few  additional  bodies  which 
are  found  to  be  electro-optically  active.  The  optical  effects 
are  neither  impure  nor  very  weak,  except  in  the  cases  that  are 
so  marked.  The  positive  and  the  negative  dielectrics  appear 
always  in  the  left-hand  and  right-hand  columns  respectively. 

CompouncU  of  C,  H,  0  (22,  23). 

Acetone  (wk).  Aldehyde  (wk). 

Valeral.  Palm-oil. 

CEnanthol.  Cacao  butter. 

Benzoyl  hydride.  Lard. 

Methyl  salicylate  Tallow, 
Ethene  monacetate(Imp.).         Beeswax. 
iSpermaceti. 

Comjmmds  of  0,  H,  N  (24). 

Benzonitrile.  Aniline. 

Azobenzol.  Capronitrile  (wk). 

Diphenylamine.  Allylamine  (wk). 
Dimethylaniline. 

Compounds  containing  CI  or  Br  (25,  2'o). 

Chlorobenzol.  Chloroform. 

Benzyl  chloride.  Bromoform. 

Ethylene  dibromide.  Chlorpicrin. 

Chloral,  Acetyl  chloride  (wk). 

Carbon  tetrachloride.  Phosphorus  trichloride. 
Sulphur  chloride. 

Other  Compounds  and  Solutions  (27,  28). 

Amyl  sulphocyanide.  Thialdine. 

Allyl  sulphocyanide  (wk),         CI  in  water  (wk). 

Oil  of  sage.  SOj  in  water  (wk). 
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Coyicluding  Renuirks. 

30.  Bodies  under  electric  stress  are  hirefringent,  ivith  refer- 
ence to  line  of  electric  force  as  axis. — This  property  has  now 
been  exemplified  in  such  a  number  and  such  a  variety  of 
dielectrics,  that  it  ought  to  be  admitted  as  a  general  property 
of  matter.  There  do  occur  cases  (in  the  formic  ethers  &c,) 
in  which  the  purity  of  electro-optic  double  refraction  is  lost  : 
but  these  are  no  true  exceptions  to  the  general  statement ; 
they  are  merely  cases  pf  disturbance,  cases  in  which  the 
regular  effect  is  masked,  wholly  or-  partly,  by  the  presence 
of  other  effects.  Gross  movements  and  heat  appear  to  be 
the  principal  causes  of  disturbance. 

Dielectrics  are  divisible  into  two  classes,  the  joositive  and  the 
negative,  corresponding  to  the  tioo  so-named  classes  of  nniaxal 
crystals. — This  also  has  been  abundantly  confirmed  by  experi- 
ment, not  as  a  rough  adaptation  of  the  notions  and  terms  of 
Optics  to  our  present  subject,  but  as  an  exact  physical  truth. 
ExcejDt  in  cases  of  impure  action  or  of  mixed  optical  effects, 
cases  which  are  comparatively  rare  in  fact,  the  experimental 
contrast  between  the  two  kinds  of  dielectric  is  always  as  pure 
to  sense,  and  under  any  tests  yet  applied,  as  is  the  contrast 
between  quartz  and  Iceland  spar.  The  two  finest  examples 
of  the  positive  class  are  carbon  disulphide  and  arayl  chloride  ; 
and  these  are  far  superior  in  power  to  any  negative  dielectric 
yet  discovered.  As  interesting  examples  of  the  negative  class,  I 
select  the  following  four,  arranging  them  (according  to  my 
samples)  in  the  order  of  descending  powers  : — amyl  oxide, 
chloroform,  capryl  alcohol,  aniline. 

Among  bodies  yet  examined,  the  positive  dielectrics  are  more 
numerous  than  the  negative. —  Of  13  amyl  compounds,  10  are 
purely  positive,  and  3  purely  negative;  and  similarly  in  other 
cases.  Br,  P,  S,  the  only  elements  yet  examined,  are  all 
purely  positive. 

The  electro-optic  and  chemical  characters  of  comjjounds  are 
closely  co7inected. — The  hydrocarbons  are  positive,  the  fixed 
oils  and  fats  negative,  the  fatty  acids  positive,  the  alcohols 
negative,  &c. 

The  electro-optic  character  of  a  chemical  compound  is  not  de- 
termined by  its  empirical  formida. — Isomeric  bodies  are  some- 
times elcctro-optically  similar,  and  sometimes  not.  This  is 
shown  in  the  four  following  sets  of  isomers  or  polymers  : 
propionic  acid,  methyl  acetate,  ethyl  formate — all  positive  ; 
butyl  alcohol  and  ethyl  oxide,  both  negative  ;  aldehyde, 
butyric  acid,  ethyl  acetate — the  first  negative  and  the  other 
two  positive  ;  allyl  alcohol,  acetone,  caproic  acid,  methyl 
valerate — the  first  negative  and  the  others  positive. 
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Every  chemically  Jiomologous  series  of  bodies  yet  examined 
exhibits  a  certain  constancy  of  electro-optic  character. — Thus, 
the  oxides,  hydroxides,  and  sulphides  of  the  alcohol  radicals 
are  negative  ;  while  the  hydrosulphides,  the  iodides,  bromides, 
chlorides,  butyrates,  benzoates,  &c.  are  positive. 

Through  each  of  these  homologous  series,  there  is  generally  a 
progression  of  electro-optic  potver,  the  higher  members  being  the 
stronger. — The  common  alcohols  and  the  fatty  acids  (liquid  at 
ordinary  temperatures)  afford  very  good  illustrations.  The 
two  series  of  bodies  are  negative  and  positive  respectively; 
and  in  each  of  the  series,  from  member  to  higher  member,  there 
is  a  regular  increase  of  absolute  electro-optic  power.  The  pro- 
gression is  not  maintained  in  the  higher  parts  of  the  acid 
series,  the  palmitic  and  stearic  acids  being  (as  the  other  fats 
are)  strongly  negative. 

This  progression,  in  singular  cases,  takes  the  form  even  of  a 
change  of  sign. — The  only  examples  yet  known  are  afforded 
by  the  two  last  mentioned  series,  which  begin  thus  : 

methyl  alcohol  +  \  (  —  formic  acid 

ethyl     alcohol  —  J  \  +  acetic   acid 

This  occurrence  of  contrary  changes  of  sign  at  corresponding 
points  of  the  two  series  is  surely  a  very  remarkable  fact. 
The  two  following  inferences  are  perhaps  worthy  of  notice. 

Oxygen  is  probably  a  negative  dielectric. — Putting  n  =  0  in 
the  general  formulas  of  alcohol  and  acid,  we  obtain  H2O  and 
O2  as  the  starting-points  of  the  two  series.  Water  and  oxygen 
should  therefore  have  the  same  signs  as  methvl  alcohol  and 
formic  acid  respectively.  As  far  as  Avater  is  concerned,  the  in- 
ference is  confirmed  already  by  experiment. 

Our  terms  "positive^\ind  ^' negative, ^ ^  borroioed  onginally  from 
Physical  Optics,  appear  now  to  be  terms  intrinsically  appropriate 
to  the  subject. — For  in  the  acids  we  see  a  regular  increase  of 
positive  power  showing  itself  at  one  point  of  the  series  as  a 
passage  from  —  to  -|- ,  and,  again,  in  the  alcohols  a  regular 
increase  of  negative  power  showing  itself  at  one  point  as  a 
passage  from  +  to  — . 

31.  Electro-optic  double  refraction  is  brought  about  by  a 
special  state  of  the  dielectric,  a  state  of  essentially  directional 
strain,  which  is  a  concomitant  and  a  condition  of  the  main- 
tenance of  electric  stress.  This  appears  to  me  to  be  a  principle 
that  must  underlie  any  admissible  explanation  of  the  phe- 
nomena. The  carefully  grounded  and  very  valuable  concep- 
tions of  Faraday  and  Maxwell  point  in  this  one  direction  ; 
and  the  simple  facts  of  the  case  are,  of  themselves,  quite  deci- 
sive.   What  clearer  manifestations  of  directional  strain  could  be 
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desired  than  those  that  are  presented  here  ?  There  is,  first, 
the  directional  transmission  of  electric  force  from  limit  to  limit 
of  the  field ;  there  is,  secondly,  the  special  dioptric  action  of 
the  force-transmittiyig  medium,  an  action  precisely  similar  to 
that  of  glass  directionalhj  sircdned  hy  tensions  or  pressures', 
and  there  is,  finally,  the  directioncd  rxipture  of  the  dielectric 
when  the  intensity  of  the  transmitted  force  reaches  a  critical 
value  characteristic  of  the  medium. 

I  insist  upon  the  essentially  directional  character  of  electric 
strain,  in  opposition  to  a  theory  of  electro-optic  action  which 
has  been  advanced  by  Professor  Quincke*. 

Electro-optic  double  refraction  may  be  attributed  to  a  quasi- 
crystalline  and  uniaxal  structure,  which  is  maintained  by 
electric  stress  in  the  medium.  I  advanced  this  view  of  the 
phenomena  in  my  first  paper  on  the  subject ;  and  I  still  believe 
that  it  contains  a  germ  of  the  truth.  I  think  indeed  that,  to 
any  one  engaged  Avith  the  facts  of  Electro-Optics,  there  is 
no  theoretical  conception  that  can  present  itself  more  naturally 
than  that  of  an  electrically  induced  structure,  a  regular 
arrangment  of  polarized  molecules,  roughly  illustrated  by  the 
common  "  magnetic  curves." 

XXXII.   On  the  Electric  Resistance  of  Carbon  under  Pressure. 
By  Professor  Silvanus  P.  Thompson,  B.A.,  D.Sc.^ 

§  1.  "TT  has  often  been  stated  that  the  electz-ic  resistance  of 
A-  carbon  decreases  when  subjected  (1)  to  an  increase 
of  temperature,  (2)  to  a  mechanical  compression.  The  first 
of  these  statements  has  been  verified  by  so  many  authorities 
that  there  can  hardly  be  any  question  of  its  correctness.  The 
second  I  believe  to  be  wholly  misleading  ;  for  some  careful 
experiments  that  I  have  lately  made  lead  to  the  conclusion 
that  the  efi:ect  of  mechanical  compression  upon  the  electric 
resistance  of  dense  carbon  is  almost,  if  not  quite,  nil,  and 
that  what  has  been  mistaken  for  an  increase  in  electric  con- 
ductivity is  in  reality  merely  better  contact  at  the  points  of 
junction  with  the  circuit. 

§  2.  A  preliminary  experiment  to  test  whether  the  alleged 
decrease  of  resistance  by  pressure  was  due  to  a  true  increase 
in  specific  conductivity  or  to  better  end-contact,  Avas  made  in 
the  following  manner  : — A  thin  cylindrical  rod  of  Carre's 
dense  artificial  carbon  (such  as  is  used  in  electric  lamps)  was 
taken,  its  length  being  72  centimetres.     At  a  point  about  one 

*  Phil.  Mag.  for  July  1880,  p.  37. 

+  Communicated  by  tlie  Physical  iSociety,  having  been  read  at  the 
Meeting  on  February  25,  1882. 
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fourth  of  its  length  from  the  end  a  groove  was  filed  round  it, 
and  around  it  was  bound  tightly  the  end  of  a  clean  thin  copper 
wire.  It  was  placed  vertically  upon  a  piece  of  copper  in  an 
upright  frame,  so  that  pressure  could  be  applied  longitudinally 
at  the  top  ;  a  flat  piece  of  copper  was  placed  upon  the  top  of 
it  and  pressed  lightly  upon  it.  The  point  at  which  the  thin 
wire  was  bound  round  it  was  then  about  18  centim.  from 
the  lower  end.  The  upper  and  lower  portions  were  then 
connected  up  with  a  Wheatstone's  bridge,  provided,  as  in 
Kirchhoff 's  pattern,  with  a  wire  of  German  silver  stretched 
over  a  divided  scale,  the  resistances  of  the  two  parts  of  the 
wire  right  and  left  beino-  (when  balance  was  obtained  in  the 
galvanometer)  proportional  respectively  to  the  resistances  oi 
the  two  portions  of  the  carbon  rod.  The  relative,  not  the  ab- 
solute, resistances  of  the  two  portions  Avere  therefore  being 
measured.  Two  bichromate  cells  supplied  the  requisite  cur- 
rent, the  galvanometer  being  a  short-coil  astatic  instrument 
of  simple  form. 

On  trying  the  resistances,  it  appeared  that  the  resistance  of 
the  longer  part,  which  was  uppermost,  was  somewhat  greater 
in  respect  to  that  of  the  lower  and  shorter  part  than  would 
have  been  expected  from  their  relative  lengths  ;  the  ratio  of 
their  resistances  being  81  :  19,  or  about  4-25  :  1,  whereas 
their  lengths  were  as  3  :  1  almost  exactly.  After  taking  the 
rod  out  of  its  place  and  putting  it  back  again  under  light 
contact  at  the  top  as  before,  the  ratio  was  found  to  be  82  :  18, 
or  4'55  :  1.  The  rod  was  thus  removed  and  replaced  several 
times;  and  the  ratio  of  the  resistances  was  found  to  differ  some- 
what every  time,  the  figures  varying  from  4'7  :  1  to  3'92  :  1. 
Pressure  was  now  applied  at  the  top  of  the  rod,  and  the  ratio 
of  the  resistances  was  again  measured.  With  a  load  of  5  Idlo- 
grammes  (as  much  as  it  was  judged  the  rod  would  bear  with- 
out risking  breaking  it),  the  ratio  of  the  resistances  w^as  found 
to  be  much  more  constant  and  much  nearer  to  the  ratio  of  the 
lengths  of  the  two  portions,  being  75*3  :  24*7,  which  is  not  very 
different  from  3:1.  It  Avas  therefore  clear  that  the  previous 
values  had  been  greatly  affected  by  the  differences  in  contact 
at  the  two  ends;  the  lower  contact  having  less  resistance  than 
the  upper,  in  consequence  of  the  superincumbent  weight  of 
the  rod  and  connexions — about  19  grammes  in  total. 

§  3.  Another  rod  of  Carre's  carbon  was  next  examined,  and 
its  actual  resistance  measured  in  ohms.  Its  length  was  42*6 
centim.,  its  diameter  0'48  centim.  To  prepare  it  for  the  ex- 
periment, it  was  electroplated  with  a  thin  coating  of  copper 
to  the  length  of  about  1  centim.  at  each  end,  the  extremities 
being  afterwards  scraped  bare  of  copper  so  that  end-contacts 
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should  be  made  against  the  carbon  itself.  Copper  wires  were 
then  carefully  soldered  to  the  copper  coating  at  about  O'O  cen- 
tim.  from  the  ends.  The  object  of  this  arrangement  was  to 
render  possible  a  comparison  between  the  resistance  of  the  rod 
when  there  was  merely  end-contact — which  might  be  more  or 
less  perfect  according  to  the  pressure — and  the  resistance  or 
the  rod  as  measured  when  there  was  a  perfect  contact  through 
the  deposited  coatings  of  copper.  The  rod  was  then  laid  in  a 
horizontal  frame,  where  it  reposed  on  two  Y-shaped  bearings — 
one  end  pressing  against  a  lever-arrangement  for  the  purpose 
of  putting  on  a  measurable  amount  of  pressure,  the  rod  being 
fixed  at  the  other  end  by  abutting  against  a  brass  set-screw. 
A  copper  piece  was  introduced  between  the  lever  and  the  ex- 
tremity of  the  rod,  in  order  to  provide  an  end-contact;  and 
arrangements  were  made  whereby  the  rod  could  be  connected 
up  in  a  Wheatstone-bridge,  the  connexion  being  made  at 
pleasure  either  through  the  end-contacts  or  through  the 
copper-plated  junctions. 

The  resistance  of  the  rod  between  the  copper-plated  junc- 
tions was  then  measured,  the  rod  being  free  at  both  ends.  It 
was  found  to  be  0-56±0'007  ohm.  The  end-contacts  were 
then  made  to  touch  hghtly  (the  circuit  through  them  remain- 
ing open).  The  resistance  through  the  copper-plated  junctions 
showed  no  change.  Pressure  was  then  applied  to  the  rod  lon- 
gitudinally, and  augmented  until  it  began  to  show  lateral 
distortion,  the  effective  force  along  the  rod  being  4150  grms., 
equivalent  Cif  the  area  of  cross  section  of  the  rod  be  taken  as 
0"18  square  centim.)  to  23,055  grms.  per  square  centimetre. 
Yet,  even  under  this  pressure,  not  the  smallest  change  could 
be  detected  in  the  resistance  between  the  copper-plated  junc- 
tions. If  there  was  any,  it  was  certainly  less  than  0*005  ohm, 
or  less  than  1  per  cent,  of  the  whole  resistance. 

The  circuit  was  now  made  through  the  end-contacts  by 
moving  the  set-screw  until  the  lightest  possible  contact  was 
obtained,  the  connexions  through  the  copper-plated  junctions 
having  been  thrown  out  of  circuit.  The  resistance  thus  deter- 
mined was  1*1  ohm.  Pressure  was  applied  as  before.  The 
resistance  fell  to  0*72  ohm  Avhen  the  pressure  of  23  kilo- 
grammes per  square  centimetre  was  reached.  On  releasing 
the  pressure,  the  resistance  again  rose  imtil  contact  became  as 
light  as  possible.  The  resistance  attained  1*08  ohm,  when  it 
rose  abruptly  to  infinity  as  the  set-screw  ceased  to  touch  the 
end  of  the  rod.  The  battery  and  galvanometer  used  through- 
out were  the  same  as  described  above. 

Nothing  could  be  more  significant  than  these  observations. 
When  perfett  contact  was  ensured  by  electroplating,  pressure 
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produced  no  effect  on  the  resistance  of  the  carbon  rod,  or  one 
inappreciably  small.  When  circuit  was  made  by  pressing 
pieces  of  copper  and  brass  against  the  rough  ends  of  the  car- 
bon rod,  contact  was  only  imperfectly  obtained,  and  the  resist- 
ance yaried  with  the  pressure  because  increased  pressure 
brought  about  better  contact,  or  contact  at  a  greater  number 
of  points. 

The  bearing  of  these  obseryations  upon  the  theory  of  the 
carbon  rheostat,  the  carbon  relay,  the  carbon  transmitting- 
telephone,  and  the  carbon  microphone  is  obyious. 

Uuiversity  College,  Bristol, 
February  1882. 


XXXIII.  On  the  Determination  of  Chemical  Affinity  in  terms  of 
Electromotive  Force. — Part  V.  By  C.  B.  Alder  Weight, 
D.Sc.  (^Lo7icl.),  F.R.S.,  Lecturer  on  Chemistry  and  Physics 
in  St.  Mai'y''s  Hospital  Medical  School*. 

On  the  Relationships  between  the  Electromotive  Force  ofaDaniell 

Cell  and  the  Chemical  AJinities  involved  in  its  Action. 
102.  TN  accordance  with  the  theorem  stated  in  §  61,  the 
J-  E.M.F.  that  would  be  requisite  to  break  up  a  given 
electrolyte  under  given  conditions  into  the  "nascent"  products 
of  electrolysis  would  be  a  constant  amount,  were  it  not  that 
the  secondary  physical  and  chemical  actions  of  the  electrodes, 
and  of  dissolved  gases,  &c.  upon  the  nascent  products  give 
rise  to  the  development  of  an  amount  of  heat,  the  energy 
equivalent  to  which  diminishes  the  work  that  would  otherwise 
be  done  by  the  current  whilst  effecting  electrolysis ;  so  that 
the  E.M.F.  corresponding  to  the  net  electrolytic  work  actu- 
ally done  is  less  than  the  constant  amount  that  would  be 
requisite  in  the  absence  of  these  interfering  circumstances  ; 
under  certain  conditions,  the  diminution  in  the  work  is  so 
great  that  work  is  gained  instead  of  spent,  when  the  cell 
becomes  an  electromotor.  Experiment  shows  that,  cceteris 
paribus,  the  amount  of  diminution  is  less  the  more  rapid  the 
rate  of  current-flow;  so  that  in  a  decomposing  cell,  in  which, 
on  the  whole,  work  is  spent  during  the  passage  of  the  current 
in  doing  electrolysis  (the  heating  effect  due,  in  accordance 
Avith  Joule's  law,  to  the  resistance  proper  of  the  cell  being  left 
out  of  consideration),  the  counter  E.M.F.  setup  (representing 
the  work  so  spent)  is  of  +  sign,  and  increases  in  magnitude 
with  the  rate  of  current-flow  ;  whilst  in  an  electromotor,  in 
which,  on  the  whole,  work  is  gained  during  the  passage  of  the 
current,  the  counter  E.M.F.   set  up  is  of  —  sign  {i.  e.  is  a 

*  Commmiicated  by  tlie  Physical  Society,  having  been  read  at  the 
Meeting  held  February  11,  1882. 
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direct  E.M.F.),  and  decreases  in  magnitude  with  the  rate  of 
current-flow. 

This  decrease  in  magnitude,  although  a  phenomenon  well 
known  under  the  name  of  "polarization  of  the  cell,"  has  never- 
theless been  less  thoroughly  investigated  than  is  desirable. 
Thus,  for  instance,  in  the  case  of  a  given  Daniell  cell  it  is  un- 
known to  what  relative  extents  the  diminution  is  due  to  each 
of  three  entirely  different  possible  causes,  viz.: — first,  the  for- 
mation, in  consequence  of  the  electrolytic  actions  going  on,  of 
a  stronger  zinc-sulphate  solution  round  the  zinc  plate,  and  of  a 
weaker  copper-sulphate  solution  round  the  copper  plate,  than 
were  there  originally  ;  secondly,  the  more  or  less  incomplete 
action  as  regards  setting  up  E.M.F.  of  the  energy  gained  by 
the  solution  of  the  zinc,  and  displacement  thereby  of  copper 
from  the  copper-sulphate  solution;  and,  thirdly,  the  somewhat 
analogous  want  of  completeness  in  transformation  into  E.M.F. 
(and  quantity  of  electricity  jointly)  of  the  energy  gained  by 
the  transformation  into  ordinary  copper  of  the  nascent  metal 
thus  set  free.  In  order  to  refer  briefly  to  this  possible  want 
of  completeness  in  development  of  E.M.F.,  it  ^^^dll  be  conve- 
nient to  term  that  portion  of  the  energy  due  to  the  various 
actions  taking  place  in  the  cell  that  does  contribute  to  the 
setting-up  of  difference  of  jjotential,  the  "adjuvant "  portion  of 
this  energy;  M'hilst  the  remainder  is  spoken  of  as  the  "non- 
adjuvant"  energy.  Of  course  the  non-adjuvant  energy  in 
practice  makes  its  appearance  in  the  foi'm  of  heat  developed 
ah  initio,  and  not  in  accordance  with  Joule's  law — i.  e.  not  due 
simply  to  the  passage  of  a  current  through  a  resistance. 

As  regards  the  possible  non-adjuvancy  of  energy  thus  indi- 
cated, it  is  to  be  noticed  that  whilst  the  observations  of  nume- 
rous experimenters  agree  in  showing  that,  under  certain  con- 
ditions, at  least  an  approximate  equality  subsists  between  the 
electromotive  forces  actually  developed  in  a  Daniell  cell,  and 
in  various  analogously  constructed  cells,  and  those  corre- 
sponding to  the  net  chemical  changes  taking  place  therein 
(viz.,  in  the  case  of  a  Daniell  cell,  the  displacement  of  copper 
from  copper  sulphate  by  zinc),  this  approximate  equality 
does  not  exist  under  all  conditions  even  in  a  Daniell  cell,  inas- 
much as,  first,  considerable  discrepancies  exist  between  the 
values  obtained  by  different  observers  working  under  different 
conditions,  and,  secondly,  the  same  cell  exhibits  values  vary- 
ing with  the  rate  of  current-flow  through  so-called  "  polari- 
zation;" whilst,  on  the  other  hand,  with  certain  forms  of  cell 
the  maximum  E.M.F.  developed  falls  considerably  short  of 
that  corresponding  to  the  net  chemical  action.  These  discre- 
pancies and  amounts  of  falling  short  appear  to  be  in  certain 
cases  considerably  greater  than  can  be  accounted  for  by  the 
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formation  of  solutions  of  zinc  and  copper  sulphates  &c.  of  dif- 
ferent densities  throuo^h  "  migration  of  the  ions,"  thus  indica- 
ting  considerable  extents  of  non-adjuvancy. 

In  order  to  obtain  further  information  upon  these  points,  a 
large  number  of  observations  have  been  made  upon  various 
forms  of  Daniell  cell  and  allied  combinations ;  the  general  results 
of  which  are  that,  with  the  normal  Daniell  combination  (zinc, 
zinc  sulphate,  or  dilute  sulphuric  acid,  copper  sulphate,  copper), 
the  amount  of  non-adjuvant  energy  with  suitable  plate-surfaces 
and  with  feeble  rates  of  current-flow  is  insensible,  but  becomes 
very  considerable  with  more  rapid  rates  of  flow,  or  with  certain 
impure  forms  of  metallic  plate-surfaces — the  non-adjuvancy 
being  partly  due  to  incomplete  development  as  E.M.F.  of  the 
energy  due  to  the  solution  of  the  zinc,  but  more  especially  to 
the  imperfect  development  as  E.M.F.  of  that  due  to  the  trans- 
formation of  nascent  into  ordinary  copper ;  whilst  the  forma- 
tion of  solutions  of  densities  different  from  those  of  the  fluids 
originally  employed  also  contributes  to  the  diminution  in  the 
effective  E.M.F.  of  the  cell.  With  certain  other  forms  of  cell, 
more  or  less  non-adjuvancy  exists  under  all  circumstances. 
In  the  following  paper  only  those  experiments  referring  to  the 
normal  Daniell  cell  are  described,  the  remainder  being  post- 
poned to  a  later  occasion. 

Experiments  made  to  determine  the  total  fallin  E.M.F.  through 
so-called  Polarization,  occurring  in  varioiishj  arranged  Dcmiell 
Cells  for  definite  amounts  of  increase  in  the  rates  of  Current- 
flow. 
103.  A  gravity  Daniell  cell  was  constructed  (fig.  1)  ^vith 

two  zinc  plates,  A  and  B,  supported  so  that         Fip:.  1. 

their  upper  surfaces  were  in  the  same  hori- 
zontal plane,  by  means  of  stout  wires  passing 

through  an  indiarubber  cork,  C,  the  under 

surfaces  of  the  plates,  and  the  wires  between 

the  cork  and  plates,  being  covered  with  gutta 

percha.     This  cork  fitted  into  the  lower  end 

of  a  Avide  glass  tube  some  4  or  5  centim.  in 

diameter  and  12  or  15  long ;  at  the  other  end 

was  a  precisely  similar  cork  arrangement,  D, 

carrying  two  copper  plates,  E  and  F,  of  which 

only  the  lower  surfaces  were  uncovered  with 

gutta  percha.    The  plates  A  and  E  were  each 

of  such  size  as  to  expose  precisely  2'5  square 

centim.  of  surface,  whilst  the  plates  B  and  F 

each  exposed  double  that  area.     In  order  to 

arrange  the  cell  as  a  gravity  battery^  a  con- 
centrated zinc-sulphate  solution  (sp.gr,  nearly 
1*4)  was  run  into  the  cell  until  half  full,  and 
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then  a  cold-saturated  solution  of  copper  sulphate  (sp.  gr. 
somewhat  below  1'2)  was  carefully  floated  on  the  top  of  the 
zinc-sulphate  solution.  In  some  experiments  this  disposition 
of  the  plates  was  reversed,  the  copper  plates  being  lowest  and 
the  zinc  plates  highest ;  in  these  cases  saturated  copper-sul- 
phate solution  w^as  first  poured  in,  and  then  a  lighter  zinc- 
sulphate  solution.  To  avoid  the  almost  inevitable  contamina- 
tion of  the  zinc-sulphate  solution  with  faint  traces  of  copper 
sulphate  which  occurs  when  the  former  is  poured  on  to  the 
latter,  no  matter  how  carefully  done,  it  was  found  more  satis- 
factory to  fill  the  cell  half  full  of  the  zinc-sulphate  solution,  and 
then  slowly  to  introduce  the  copper  sulphate  at  the  base  of  the 
cell  through  a  U-tube  passing  through  the  cork  C,  the  end 
inside  the  cell  being  draAvn  out  to  a  point  and  bent  downwards, 
so  that  the  copper-sulphate  solution  flowed  in  gradually  and 
lifted  up  the  zinc-sulphate  solution  without  passing  into  it  as 
a  jet  and  so  more  or  less  impregnating  it  with  copper. 

It  is  evident  that,  since  A  and  B,  E  and  F  are  respectively 
in  the  same  horizontal  planes,  the  resistance  of  the  column  of 
fluid  between  the  plates,  R,  must  be  sensibly  the  same,  whether 
the  smaller  pair  of  plates,  B  and  F,  or  the  larger  pair,  A  and  E, 
be  employed  to  generate  a  current;  either  of  which  can  at  plea- 
sure be  done  by  simply  connecting  the  mercury-cups  G  H  I K, 
attached  to  the  appropriate  plates,  with  the  extremities  of  a 
known  external  resistance.  By  measuring  the  difference  of 
potential  E  subsisting  between  the  ends  of  this  resistance  the 
current  passing,  C,  is  known  ;  hence  if  R  be  known,  the 
E.M.F.  of  the  cell,  e,  is  known,  being  given  by  the  equation 

e=E  +  CR. 

The  value  of  R  can  be  deduced,  with  a  fair  amount  of  pre- 
cision, from  the  results  of  two  series  of  observations  with 
varying  currents,  made,  first,  with  the  smaller,  and,  secondly, 
with  the  larger  pair  of  plates,  in  the  following  way: — By  divi- 
ding the  actual  current-strengths  by  2'5  and  5*0  (the  super- 
ficies in  square  centimetres  of  the  plates  respectively),  two 
series  of  values  of  E  for  corresponding  "  current-densities  " 
(rates  of  flow  per  square  centimetre  of  plate  surface)  are  ob- 
tained, by  interpolation  from  which,  for  a  given  current-den- 
sity D,  two  values,  Ej  and  Eg,  are  deduced  for  the  smaller  and 
the  larger  pair  of  plates  respectively.  The  E.M.F.  with  the 
smaller  pair,  ei,  is  manifestly 

^i  =  Ei  +  2'5DR, 

whilst  that  with  the  larger  pair  is 

^2  =  E2+5-0DR. 
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It  is  evident  that,  when  the  density  of  the  current  is  the  same, 
and  the  surfaces  of  the  two  copper  and  of  the  two  zinc  plates 
are  respectively  in  the  same  conditions,  the  effect  on  the 
E.M.F.  caused  by  the  passage  of  a  current  must  be  sensibly 
the  same,  inasmuch  as  the  same  amount  of  zinc  is  dissolved 
and  of  sulphate  of  zinc  formed,  and  the  same  quantity  of  cop- 
per is  deposited  and  of  copper  sulphate  decomposed,  per  square 
centimetre  of  plate  surface  ;  so  that  Ci  must  sensibly  —e^. 
Hence,  since 

Ei  +  2-5CR=E2  +  5-0CR, 
it  results  that 

2-5  D 

By  contrasting  in  this  way  the  values  of  the  E's  obtained  with 
various  current-densities,  a  set  of  values  for  R  are  obtained, 
fairly  concordant  when  the  observations  are  carefully  made  and 
the  plates  of  such  materials  as  to  remain  in  the  same  condition  of 
surface  throughout  the  experiment,  or  nearly  so,  so  that  on  in- 
troducing a  given  external  resistance  into  the  circuit,  sensibly 
the  same  values  for  the  E's  are  uniformly  obtained.     With 
sulphate-of-zinc  solution  surrounding  the  zinc  plates,  and  with 
amalgamated  plates  (copper  as  well  as  zinc),  this  permanence 
is  more  readily  ensured  than  when  dilute  sulphuric  acid  is  used 
(with  amalgamated  zinc  plates),  or  when  the  copper  plate  is 
not  amalgamated,  but  only  freshly  coated  with  electro-deposited 
metal.    Indeed,  to  obtain  a  sufficient  number  of  readings  when 
dilute  sulphuric  acid  is  employed,  it  is  preferable  to  discharge 
.  the  cell  after  an  hour's  use  and  recharge  it,  amalgamating  the 
plates  afresh,  and  filling  up  with  the  same  solutions  as  before 
to  exactly  the  same  levels  (ensured  by  suitably  marking  the 
glass),  so  that  the  resistance  of  the  cell  may  vary  as  little  as 
possible,  the  temperature  being  so  adjusted  as  to  be  sensibly 
the  same  on  the  average  throughout.     Thus  the  following 
series  of  values  was  obtained  as  the  average  result  of  four  sets 
of  readings  alternately  with  gradually  increasing  and  gradually 
diminishing  external  resistances,  with  a  cell  containing  nearly 
saturated  copper-sulphate  solution,  freshly  electro-coated  cop- 
per plates,  amalgamated  zinc  plates,  and  dilute  sulphuric  acid 
of  1*045  sp.  gr.,  the  plates  being  rearaalgamated  and  reelectro- 
coated  respectively  for  each  successive  series — all  the  observa- 
tions being  reduced  to  the  same  standard  as  that  adopted 
throughout  this  paper,  viz.  the  average  reading  at  15'5  of  a 
large  number  of  Clark's  cells  taken  as  1*457  volt*. 

*  The  exactness  of  this  ^•ahle  depends  not  only  on  how  far  the  average  of 
these  cells  is  identical  with  the  average  of  those  which  served  as  the  basis 
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104.  From  these  figures  the  following  values  for  R  are  de- 
(Juced — the  first  four  determinations  only  of  each  series  being 
employed,  on  account  of  the  smallness  of  the  differences  be- 
tween* E^  and  Eg  in  the  other  cases: — 


of  Clark's  valuation  (Proc.  Roy.  Soc.  xx.  p.  444),  but  also  on  the  exactness 
■with  -wliich  the  B.  A.  unit  of  resistance  is  determined.  If  this  latter  be  too 
small — as  appears  probable  from  the  experiments  of  Joule,  and  of  the 
•m'iter  and  Mr.  Rennie  (Phil.  Mag.  March  1881,  p.  169),  from  the  results 
of  Ro-wland,  and  from  the  recent  experiments  of  Lord  Rayleigh  and  Prof. 
Schuster — the  true  value  of  an  average  Clark's  cell  is  below  1-457  to 
the  same  proportionate  extent:  thus,  if  the  B.A.  imit  be  really  O^QO 

earth-quadrant^  ^^^  E.M.F.  of  an  average  Clark's  cell  is  only  0-99  x  1-457 

second 
y]^0''  =  l -442x10^  C.G.S.  units.    In  view,  however,  of  the  fact  that  the 
question  of  the  amount  and  even  of  the  direction  of  the  error  (if  any)  in 
the  B.A.  resistance  unit  is  not  yet  absolutely  settled,  it  is  assumed  in  this 
paper  that  there  is  no  en-or  at  all. 

For  analoo-ous  reasons  the  value  of  J  is  assumed,  as  previously,  to  be 
42  X IC  ert^s,  the  evidence  in  support  of  its  having  a  higher  value  still 
being  not  inconsiderable ;  although  the  probability  is  that,  if  the  B.A. 
resistance  unit  be  only  0-99  earth-quadrant,  j  j^  ^^^^^  ^^  ^-^.^  ^  ^^^      rj^^^ 

second 
value  of  X  (the  electrochemical  constant  defined  in  §  7)  deduced  in  §  9  as 
the  most  probable,  viz.  -000105,  is  also  adhered  to,  notwithstanding  that 
Mascart's  recent  experiments  (Comptes  Re^idus,  xciii.  p.  50)  tend  to  indi- 
cate that  this  value  is  too  large,  -0001044  representing  his  final  result :  this 
value  is  0-8  per  cent,  lower  than  -00010527,  the  mean  value  deduced  from 
Kohlrausch's  experiments.  If  J  be  taken  =  41-5  X 10%  and  x  l^e  assumed 
=  ■0001048  (mean  of  Mascart  and  Kohlrausch's  results),  the  value  of  ^J, 
the  factor  for  reducing  gram  degi-ees  to  C.G.S.  E.M.F.  imits,  becomes 
4349,  or  1-4  per  cent,  less  than  4410,  the  value  hitherto  assimied,  and  still 
retained  in  this  paper. 

Prof.  S.  P.  Thompson  applies  the  term  "Faraday  coefficient"  to  the 
numerical  value  x  (Journ.  Soc.  Arts,  xxx.  p.  34) ;  should  this  term  be 
generally  accepted,  the  letter  F  might  gracemlly  be  used  instead  of  x  to 
indicate  the  factor,  just  as  J  is  used  to  indicate  the  Joule  coefficient. 
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D. 

E,. 

E,. 

E,-E,. 

R-Ei-Ea 
2-5XD- 

Observed. 

Interpo- 
lated. 

Observed. 

Interpo- 
lated. 

•000770 

•0000953 

•0003840 

•0003708 

•0002036 

•0001998 

•0001039 

•0000845 

•809 
•900 

i^oi8 

r056 

•847 

■905 

1019 
1-050 

•770 

•927 

•999 
1^039 

•799. 
•921 

•997 
1^047 

•077 
•070 
•039 
•038 
•021 
•020 
•Oil 
•009 

4-00  ohms. 
4-03      „ 
405     „ 
411      „ 
4^12     „ 
404     „ 
4-24     „ 
4-28     „ 

Average  4^11  ohms. 

Taking  4*11  ohms  as  the  average  value  of  R,  the  following 
numbers  are  calculated  from  the  above  observations,  the  values 
of  Bi  and  Eg  being  obtained  by  interpolation: — 


Values  from  observations  with 

Values  from  observations 

Average 
value  of 

smaller  plates. 

with  larger  plates. 

Fall. 

D. 

E, 

25XDE. 

.,=E, 
+2^5DE. 

Eo. 

5^0  XDE. 

^2=E., 
-f5-0DR. 

of  cell. 

0 

M03 

1-103 

1^103 

1-103 

1-103 

0 

•000001 

1-103 

... 

M03 

1103 

>  •  > 

1-103 

1-103 

0 

•000002 

l-lOO 

... 

1.100 

MOO 

1100 

1-100   •oosi 

■000005 

1-096 

... 

1^090 

1-097 

•doi 

1-098 

1-097 

-006 

•00001 

1-092 

•001 

r093 

1-092 

•002 

r094 

1-094 

-009 

■00002 

1-080 

•002 

r088 

1-086 

•004 

1090 

1-089 

-014 

•00005 

1-072 

•005 

1^077 

1-065 

•010 

1-075 

1-076 

-027 

•0001 

1-051 

•010 

l^OOl 

1-041 

■021 

1-002 

1-062 

•041 

-0002 

roi9 

■021 

1-040 

•999 

•041 

1-040 

1-040 

•063 

-0004 

•957 

•041 

■998 

•916 

•082 

•998 

•998 

-105 

•0007 

•868 

•072 

•940 

•798 

•144 

•942 

•941 

•162 

It  is  evident  that  the  values  of  e-i  and  €2  accord  so  closely 
that  their  average  may  fairly  be  taken  as  representing,  with 
but  little  error,  the  E.M.F.  of  a  cell  containing  copper  and 
■zinc  plates  in  the  condition  of  those  experimented  with  in  this 
instance*. 

105.  In  various  other  analogous  experiments  the  concord- 
ance was  usually  not  quite  so  close  as  in  this  example,  a 
smaller  number  of  readings  (one  or  two  sets  only)  being  made; 

*  It  might  appear  at  first  sight  that  a  third  valuation  of  the  E.M.F.  of 
the  cell  might  be  deduced  as  follows: — Since  ej  =  Ei+2-5DR,  and  also 
e2=E2+5-0DR,  it  results  that  e^  =  e,=i2'E^  -  E^ ;  but  it  is  evident  that  this 
value  is  such  that  Cj  is  the  arithmetical  mean  between  e.,  and  2Ei— E  , 
and  hence  that  the  average  of  the  three  values  must  be  identical  with  ei, 
and  therefore  less  exact  than  the  mean  of  ei  and  e... 
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but  the  discrepancy  was  in  no  case  so  great  as  materially  to 
influence  the  general  character  of  the  curve  representing  the 
variation  in  the  value  of  the  E.M.F.  with  varying  currents,  ob- 
tained on  plotting  the  results  by  making  the  currents  abscissae 
and  the  electromotive  forces  ordinates.  The  following  table 
(p.  273)  exhibits,  side  by  side,  the  values  obtained  in  various 
acses  selected  as  specimens :  in  numerous  other  cases  not  quoted, 
the  curves  obtained  were  considerably  similar  to  those  indicated 
by  the  figures  given  in  the  table  and  represented  in  fig.  2.     The 

Fio-.  2. 


•25n 


•20(1 


•illfl 


■o=.o 


]000  '-'000  3000  4000  5000 

Microampferes  per  square  centimetre. 


6000 


7000 


resistance  of  the  cell,  R,  is  stated  in  ohms,  and  the  electromo- 
tive forces  in  volts;  the  "maximum  E.M.F."  indicates  the 
average  value  of  the  highest  E.M.F.  observed  throughout  the 
various  series  of  readings,  this  value  being  always  observed 
when  either  no  current  at  all  circulated,  or  a  current  of  less 
magnitude  than  about  8  microamperes*  per  square  centimetre. 
The  copper  plates  were  uniformly  surrounded  by  nearly  satu- 
rated copper-sulphate  solution  (sp.  gr.  1'175);  the  zinc  plates 
were  sometimes  surrounded  by  nearly  saturated  zinc-sulphate 
solution  (sp.  gr.  about  1"4),  and  were  then  lowest ;  in  other 
cases  they  were  highest,  and  were  then  surrounded  either  by 
zinc-sulphate  solution  of  sp.  gr.  I'lO,  or  by  dilute  sulphuric 
acid  of  sp.  gr.  1-045. 

*  In  accordance  with  the  nomenclature  adopted  by  the  recent  Interna- 
tional Electrical  Congress,  the  term  ampere  is  used  throughout  this  paper 
to  indicate  what  in  the  former  papers  of  this  series  was  designated  a  iveher, 
viz.  0-1  C.G.S.  current-unit ;  so  that  a  microampere  =  -0000001  C.G.S. 
cun-ent-unit  =10"''  ampere, 
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It  is  noticeable  that  whilst  experiments  Nos,  I.  and  II.  show 
that  the  curves  obtained  are  by  no  means  necessarily  identical 
even  when  the  conditions  are  sensibly  the  same  (owing  appa- 
rently to  differences  in  the  character  of  the  copper  deposited 
during  the  action  of  the  cell),  experiments  Nos.  I.,  III.,  and  IV. 
indicate  that  but  little  difference  in  the  curve  is  brought  about 
by  using  commercial  instead  of  pure  zinc,  or  by  altering  the 
surface  of  the  zinc  by  covering  the  bright  metal  with  a  film  of 
copper  (although  more  or  less  marked  depressions  in  the  maxi- 
mum E.M.F.  are  occasioned  thereby);  on  the  other  hand, 
experiments  V.  and  YIL,  as  compared  with  the  others,  indi- 
cate that  amalgamating  the  copper  renders  the  rate  of  fall  in 
E.M.F.  sensibly  more  rapid.  But  little  difference,  on  the 
whole,  is  apparently  occasioned  in  the  curves  by  the  use  of 
zinc-sulphate  solution  (whether  stronger  or  weaker  than  the 
copper-sulphate  solution),  as  compared  with  dilute  sulphuric 
acid  ;  what  difference  is  brought  about  is  of  this  kind — that 
the  sulphuric-acid  curves  slightly  underlie  the  zinc-sulphate 
curves. 

In  none  of  the  experiments  made  was  any  measurable  de- 
pression of  the  E.M.F.  of  the  cell  brought  about  when  the 
current  flowed  at  a  rate  not  exceeding  8  microamperes  per 
square  centimetre;  and  in  several  cases  this  rate  of  flow  might 
be  doubled  before  any  depression  greater  than  '001  volt  (0*1 
per  cent.)  was  occasioned.  As  a  rule,  when  the  current- 
density  was  from  30  to  50  microamperes  per  square  centimetre, 
a  diminution  in  the  E.M.F.  of  from  0'5  to  1  per  cent,  was 
brought  about;  whilst  diminutions  of  10  per  cent,  and  upwards 
were  occasioned  when  the  current-density  exceeded  3000. 
Supposing  the  same  values  to  hold  for  ordinary  Daniell  cells 
(which  is  probably  not  quite  the  case,  as  the  zinc  and  copper 
plates  are  usually  unequal  in  size),  it  results  that,  with  cells  of 
ordinary  dimensions  {e.  g.  holding  a  litre  and  exposing  a  sur- 
face of  500  square  centimetres),  no  appreciable  diminution  in 
the  E.M.F.  would  be  brought  about  when  the  current  does 
not  exceed  500x8  =  4000  microamperes  ('004  ampere); 
whilst  diminutions  of  several  tenths  per  cent,  would  be  occa- 
sioned with  currents  of  fivefold  magnitude  ('02  ampere), 
and  diminutions  of  10  per  cent,  and  upwards  when  the  cur- 
rent exceeds  500x3000=1,500,000  microamperes  (1*5  am- 
pere). 
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Experiments  made  to  determine  the  maximum  Electromotive 
Forces  of  variously  arrayiged  Daniell  Cells  containing  Zinc- 
sulphate  solution  around  the  zinc,  and  the  maximum  i^ro- 
portion  of  the  Fall  in  the  E.M.F.  of  the  Cell  ivith  gradually 
increasing  currents,  that  could  he  due  to  accumulation  round 
the  plates  of  fluids  of  different  densities  through  the  migra- 
tions of  the  ions. 

106.  A  long  series  of  experiments  was  next  made  with  the 
object  of  determining  how  far  the  very  considerable  diminu- 
tion in  the  E.M.F.  of  a  Daniell  cell,  above  shown  to  exist 
when  moderately  strong  currents  are  generated,  can  be  ac- 
counted for  by  the  strengthening  of  the  solution  of  zinc  sur- 
rounding the  plate,  and  the  Aveakening  of  the  copper-sulphate 
solution  round  the  copper  plate,  which  necessarily  take  place 
in  consequence  of  the  migration  of  the  ions  accompanying  the 
passage  of  the  current.  Inasmuch  as  the  use  of  dilute  sul- 
phuric acid  introduces  complications,  these  observations  were 
made  in  the  first  instance  with  zinc-sulphate  solutions  only 
round  the  zinc  plates  ;  later  on  (§  111),  similar  experiments 
with  cells  containing  sulphuric  acid  are  described. 

It  results  from  the  experiments  of  Moser( AnnaleiiderPhysik; 
iii.  p.  216)  and  H.  F.  Weber  (Phil.  Mag.  [5]  viii.  pp.  487  & 
523),  that  w^hen  a  stronger  solution  of  zinc  (or  copper)  sul- 
phate diffuses  into  a  Aveaker  one  of  the  same  salt,  plates  of 
zinc  (or  copper)  placed  in  the  two  solutions  acquire  different 
potentials,  that  in  the  stronger  solution  being  at  the  higher 
potential:  the  potential  difference   reckoned  per  a  [.constant 
difference  in  specific  gravity  of  solution  {e.  g.  a  difference  of 
0*1)  is  not  constant,  but  depends  on  the  actual  values  of  the 
specific  gravity,  being  less  the  stronger  the  solutions.     The 
maximum  value  obtained  (in  the  case  of  zinc-sulphate  solu- 
tions containing  respectively  60  and  1  per  cent,  of  crj-stallized 
salt)  was  only  '036  Daniell,  or  about  "040  volt ;  whence  it 
would  seem  that  if  the  effect  produced  by  zinc-sulphate  solu- 
tion in  diffusing  into  copper-sulphate  solution  is  of  the  same 
order  of  magnitude  as  that  produced  by  diffusing  into  another 
zinc-sulphate  solution  of  strength   equivalent  to  that  of  the 
copper-sulphate  solution,  the  effect  on  the  E.M.F.  of  a  Daniell 
cell,  due  to  migration  of  the  ions,  cannot  possibly  materially 
exceed  "04  volt;  whilst,  whatever  the  magnitude  of  the  effect, 
it  must  tend  to  diminish  the  E.M.F.  of  the  cell,  since  it  par- 
tially equalizes  the  difference  of  potential  between  the  zinc 
and  copper  plates  set  up  by  the  chemical  action  alone.     In 
order  to  find  out  the  actual  magnitude  of  the  diminution  due 
to  this  diffusive  action  in  various  cases,  a  number  of  determi- 
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nations  were  first  made  of  the  E.M.F.  set  up  in  various  forms 
of  Daniell  cell  when  generating  currents  of  magnitude  not 
exceeding  8  microamperes  per  square  centimetre  (and  usually 
when  generating  no  current  at  3\\),the  zinc-  and  copper-sulpliate 
solutions  being  in  any  giveti  case  of  the  same  specific  gravity*. 
The  average  values  being  thus  fixed,  the  observations  were 
then  repeated,  using  solutions  not  of  the  same  specific  gravity. 
It  is  particularly  noteworthy  in  this  connexion,  that  the  E.M.F. 
of  a  Daniell  cell  was  found  to  be  sensibly  independent  of  the 
strength  of  the  solutions  lohen  both  are  of  the  same  specific  gra- 
vity— {.  e.  the  deviations  observed  from  equality  were  less  than 
the  experimental  errors. 

The  cells  employed  were  constructed  of  two  small  beakers 
— one  containing  zinc-sulphate  solution  and  plates  of  zinc 
(scraped  bright,  covered  with  electro-deposited  metal,  or 
amalgamated  with  pure  mercury),  and  the  other  copper-sul- 
phate solution  and  similar  copper  plates.  The  two  beakers 
were  connected,  in  the  way  described  by  Raoult  {Ann.  de  Chim. 
et  de  Phys.  4th  series,  ii.  p.  317,  and  iv.  p.  392),  by  means  of 
an  inverted  Y-tube,  ihe  ends  of  which,  dipping  into  the  two 
beakers  respectively,  were  covered  over  with  thin  bladder,  the 
tube  being  filled  with  the  zinc-sulphate  solution.  Each  one 
of  the  zinc  and  copper  plates  used  Avas  soldered  to  a  platinum 

*  Altliougli  two  solutions  of  zinc  and  copper  snlpliate,  respectively  of 
the  same  specific  gravity,  are  not  absolutely  cliemically  equivalent  to  one 
another  {i.  e.  do  not  contain  precisely  equivalent  percentages  of  the  two 
salts),  yet  the  difference  in  specific  gravity  between  any  two  solutions  of 
equivalent  strengths  is  so  small  that,  for  all  practical  purposes,  it  may  be 
assumed  that  Avheu  the  specific  gra-\  ity  is  the  same  the  solutions  are  of 
equivalent  strengths.  Direct  determinations  of  the  specific  gravities  of 
various  solutions  of  equivalent  strengths  (made  by  dissolving  known 
weights  of  the  air-dry  pure  salts  to  known  weights  of  aqueous  solutions), 
gave  the  following  results  : — 


Percentage  of 

Specific  gravity 

Equivalent  percentage 

Specific  gravity 

CuSO^,  5H2  0. 

at  18°. 

'      of  ZnS04,  7H2O. 

at  18°. 

1 

1-006 

1-15 

1-007 

3-75 

1023 

4-3 

1-026 

7-5 

1047 

8-6 

1-053 

15 

1098 

17-2 

1-107 

22-5 

1-156 

25-9 

1-163 

30 

1-214 

34-5 

1-223 

The  30-per-cent.  solution  of  copper  sulphate  was  slightly  supersaturated, 
and  deposited  crystals  on  standing  in  a  closed  vessel;  saturated  zinc- 
sulphate  solution  has  a  specific  gi-avity  upwards  of  1-4.  It  is  noteworthy 
that  these  figures  indicate  that  when  given  bulks  of  water  and  of  either 
zinc-  or  copper-sulphate  solution  are  mixed,  an  increase  in  bulk  occurs,  thus 
agreeing  with  J.  Thomsen"s  result  that  dilution  of  a  solution  of  either  salt 
is  accompanied  by  heat-absorption  (§  113). 
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wire  fused  into  a  piece  of  glass  tubing,  forming  a  mercury- 
cup;  the  soldering  and  tlie  whole  length  of  the  platinum  wire 
being  thickly  covered  with  gutta  percha,  so  that  only  zinc  (or 
copper)  was  exposed  to  the  fluid.  The  plates  were  then  con- 
nected with  a  series  of  mercury-cups  in  such  a  way  that,  by 
simply  moving  a  double  switch  connected  at  one  end  with  two 
mercurv-cups  in  connexion  with  the  electrometer-quadrants, 
and  dip})ing  at  the  other  end  into  tAvo  of  the  series  of  cups, 
any  required  pair  of  zinc  and  copper  plates  could^  be  brought 
into  connexion  with  the  electrometer.  Fig.  3  shows  the 
arrangement  used  for  two  pairs  of  plates,  and  fig.  4  that  for 


Fig.  3. 


Fig.  4. 


three  pairs.    In  the  former  the  two  zinc  plates,  Zi  and  Z2,  are 
connected  with  mercury-cups  ISTos.  1  and  3  (No.  1  being  also 
connected  with  No.  5),  whilst  the  two  copper  plates,  Ciand  C2, 
are   connected  with  cups  Nos.  2  and  4  respectively.     Cups 
Nos.  6  and  7  are  connected  with  a  standard  cell  (the  error  of 
which,  in  reference  to  the  average  taken  as  1"457  volt,   is 
known).     By  means  of  a  double  switch  any  pair  of  the  series 
of  cups  1  to  7  can  be  connected  with  cups  8  and  9,  which 
are  connected  M-ith  the  electrometer  through  the  usual  rever- 
sing-gear;  so  that  when  Nos.  1  and  2,  2  and  3,  3  and  4,  and 
4  and  5  are  thus  connected,  the  electromotive  forces  due  to 
the  combinations  z^c^,  C1Z2,  z^c.-i^  c^Zx  are  respectively  read  off; 
whilst  when  6  and  7  are  connected   (as  represented  in  the 
figure)   the  electrometer-scale  is  standardized.      In  actually 
taking  readings  a  double  set  was  always  employed,  the  SAvitch 
being  successively  used  to  connect  the  four  combinations  and 
the  standard  with  the  electrometer,  and  then  to  connect  them 
Phil.  Mag.  S.  5.  Vol.  13.  No.  81.  April  1882..  Z 
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again  in  reversed  order;  so  that,  by  taking  the  averages  of  the 
two  sets,  any  error  due  to  running  down  of  the  electrometer 
during  the  readings  might  Le  eliminated  (in  practice  the  run- 
ning down  during  the  period  was  insensible,  the  variation 
being  usually  at  most  only  2  or  3  per  cent,  during  the  whole 
day,  and  often  much  less).  When  three  pairs  of  plates  were 
used,  the  three  zincs  were  connected  respectively  with  cups 
1,  3,  and  5  ;  whilst  cup  No.  2  was  connected  with  No.  4, 
and  also,  by  means  of  a  movable  wire,  with  either  of  three 
other  cups,  Nos.  10,  11,  and  12,  with  which  respectively  the 
three  copper  plates  were  connected :  so  that  when  No.  2  was 
connected  with  10,  as  represented  in  the  figure,  the  com- 
binations Ci?],  Ci^-g,  and  c-^z^  could  be  read  off  by  connecting 
the  double  switch  with  1  and  2,  2  and  3  (or  3  and  4),  and  4 
and  5  successively;  and  similarly  for  the  other  combinations. 

107.  The  ultimate  results  of  upwards  of  a  hundred  series  of 
valuations  of  the  electromotive  forces  of  various  combinations, 
mostly  lasting  over  four  hours,  were  as  follows: — 

(1)  With  the  stronger  solutions  used  (specific  gravities  I'lOO 
to  1*175)  the  E.M.F.  set  up  after  the  first  few  minutes  remained 
sensibly  constant  for  several  hours  (the  temperature  being 
constant),  never  differing  from  the  final  average  of  the  four 
average  sets  of  readings  made  in  each  of  the  first  four  hours 
by  amounts  outside  the  limits  of  observational  error.  For 
instance,  the  following  values  were  obtained  in  one  experi- 
ment, in  which  the  temperature  throughout  was  close  to  18°, 
the  specific  gravity  of  the  solutions  being  1*175: — 


Combination. 

Average  E.M.F.  determined  during  the 

Final 
average. 

1st  hour. 

2nd  hour. 

3rd  hour. 

4th  hour. 

AmalgaiEated  zinc —  1 

electro-copper  ...  J 
Bright  zinc — electro-  "1 

copper    J 

Amalgamated  zinc —  \ 

bright  copper  ...  J 
Bright  zinc — brightl 

Conner    l 

1-112 
1-110 
1-119 
1-117 

1-113 
1-109 
1-122 
1-115 

1-114 
1-112 
1-122 

1-118 

1-114 
1-110 
1-120 
1-118 

11132 
1-1102 
1-1207 
1-1170 

Very  similar  results  were  obtained  in  all  the  other  cases. 
After  twenty-four  hours  the  E.M.F.  usually  diminished  to  a 
greater  or  less  extent.  These  changes  are  referred  to  later  on 
(§  108),  being  probably  due  to  oxidation  of  the  metals  by  dis- 
solved air. 

(2)  With  weaker  solutions  (.sp.  gr.  1*0005  to  1*050)  the 
E.M.F  developed  during  the  first  half  hour  or  so  was  usually 
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slio-litly  lower  than  tbo  value  attained  subsequently;  which 
value  remained  sensibly  constant  for  several  hours,  and  then 
fell  to  a  greater  or  lesser  extent,  as  with  the  stronger  solutions. 
Accordingly,  in  such  cases  the  lower  readings  during  the  first 
half  hour  or  so  were  not  taken  into  account  in  the  final  ave- 
rage. For  any  given  combination  of  plates,  the  final  average 
thus  obtained  with  weaker  solutions  was  sensibly  identical 
with  that  obtained  with  the  stronger  solutions*. 

(3)  The  combinations  that  gave  the  most  constant  results 
on  repetition  of  the  experiments  were  those  containing  amal- 
gamated zinc  and  either  electro-copper  or  amalgamated  cop- 
per; next  to  which  were  those  with  electro-deposited  zinc  and 
these  same  kinds  of  copper  plates.  Combinations  containing 
either  bright  zinc  or  bright  copper  (i.  e.  rods  of  fused  metal 
or  sheets  of  rolled  metal  filed,  scraped,  or  sand-papered  to 
perfect  brightness)  exhibited  a  considerably  wider  range  of 
variation.  By  comparing  various  bright  copper  plates  with 
one  and  the  same  amalgamated  zinc  plate,  or  various  bright 
zinc  plates  with  one  and  the  same  electro-copper  plate,  it  was 
found  that  differences,  amounting  nearly  to  O'OIO  volt  in  the 

*  The  conclusion  that  the  E.M.F.  developed  by  a  given  pair  of  plates 
immersed,  the  one  in  zinc-sulphate,  the  other  in  copper-sulphate  solution, 
is  sensibly  independent  of  the  strength  of  the  solutions  when  both  are  of 
the  same  density  (or,  at  least,  that  the  variation  in  E.M.F.  caused  by 
variation  in  strength  of  the  solutions  is  not  outside  the  limits  of  experi- 
mental error),  is  further  corroborated  by  the  residts  of  still  more  direct 
experiments  on  the  matter.  Three  cells  were  an-auged,  containing  solu- 
tions respectively  of  the  specific  gravities  I'OIO,  1-090,  and  1-175,  each 
containing  a  recently  electro-coppered  plate  and  a  freshly  amalgamated 
zinc  plate.  A  number  of  readings  were  taken  of  the  potential-dill'erences 
subsisting  between  the  plates  in  each  case ;  and  then  the  plates  were  ex- 
changed— the  pair  from  the  first  cell  being  placed  in  the  second,  that  origi- 
nally in  the  second  being  transferred  to  the  third,  and  so  on.  After  a  new 
set  of  readings  had  been  taken,  the  plates  were  again  exchanged  and  a 
third  set  of  readings  taken ;  so  that  each  pair  of  plates  was  read  in  each 
cell.  The  following  figures  were  finally  obtained,  all  readings  taken 
diu'ing  the  first  half  hours  after  immersion  of  the  plates  being  rejected : — 


Specific  gravity  1-010. 

Specific  gravity  1-090. 

Specific  gravity  1-175. 

1st  pair  of  plates  1-1127 
2ud         „       ,,       1-1130 
3rd          „       „       1-1140 

2nd  pair  of  plates  1*1122 
3rd       „         „         1-1115 
1st        „         „         1-1135 

3rd  pair  of  plates  1*1125 
1st         „         „        1-1118 
2ud       „        „        1-1133 

Mean  1-1132 

Mean  1-1124 

Mean   1*1125 

In  each  case  the  value  found  as  the  mean  for  the  three  pairs  of  plates 
differs  from  the  general  average  1*1127  by  an  amount  so  small  as  hardly, 
if  at  all,  to  be  outside  the  limits  of  experimental  error. 

Z2 
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most  extreme  instances,  were  observable  in  each  case  with 
different  bright  plates  as  compared  with  one  another.  On  the 
other  hand,  on  comparing  various  electro-copper  or  amalga- 
mated copper  plates  with  one  and  the  same  zinc  plate,  or 
various  amalgamated  zinc  plates  with  one  and  the  same  copper 
plate,  the  extreme  ranges  of  fluctuation  were  found  to  be  not 
more  than  half  those  observed  with  bright  plates,  and  usually 
did  not  exceed  +  '001  as  compared  ^vith  the  average. 

(4)  As  the  ultimate  average  result  of  all  the  determinations 
made,  it  was  found  that  an  amalgamated  zinc  plate  gave,  Avhen 
opposed  to  a  given  copper  plate,  an  E.M.F.  lower  by  "002  volt 
than  a  bright  zinc  plate,  and  lower  by  '001  volt  than  an 
electro-zinc  plate.  The  actual  differences  in  various  experi- 
ments ranged  in  the  former  case  between  +"006  and  —'004, 
the  bright  zinc  plate  sometimes  giving  a  higher  value,  and 
sometimes  a  lower  amIuc,  than  the  amalgamated  plate — more 
frequently  the  former.  (In  the  example  quoted  above,  the 
bright  zinc  plate  gave  a  value  lower  by  '0030  when  opposed 
to  an  electro-copper  plate,  and  by  '0037  when  oi)posed  to  a 
bright  copper  plate.)  With  electro-zinc  as  compared  with 
amalgamated  zinc,  the  difference  ranged  between  +  "004  and 
—  '003,  the  electro-zinc  sometimes  giving  a  higher  and  some- 
times a  lower  value  than  the  amalgamated  zinc,  more  usually 
the  former. 

(5)  Similarly,  the  effect  of  substituting  a  bright  copper  plate 
for  an  electro  one  in  any  given  combination  Avas  uniformly  to 
cause  an  increase  in  the  E.M.F.  by  an  amount  varying  between 
•001  and  -010  volt,  and  averaging,  on  the  whole,  "006.  (In  the 
example  quoted  above,  bright  copper  gives  a  higher  value 
than  electro-copper  by  '0075  when  opposed  to  amalgamated 
zinc,  and  by  '0068  Avhen  o})posed  to  bright  zinc.)  The  effect 
of  amalgamating  a  copper  plate  was  found  to  be,  on  the  whole, 
to  give  an  E.M.F.  lower  by  -001  than  that  given  under  the 
same  conditions  by  a  freshly  electro-coppered  plate,  the  actual 
difference  ranging  between  +*002  and  — 'OOo,  the  amalga- 
mated plate  sometimes  giving  a  higher  value  and  sometimes  a 
lower  one  than  the  electro-plate,  more  frequently  the  latter. 
It  is  worthy  of  notice  that  no  sensible  difference  was  obser- 
vable whether  the  plate  a^nalgamated  were  previously  of  bright 
rolled  metal  or  of  electro-metal ;  so  that,  on  the  whole,  the 
effect  of  amalgamating  a  bright  rolled  plate  was  to  depress 
the  E.M.F.  by  '006 +  -001  = -007. 

(6)  The  average  results  of  all  the  expei-iments  made  are 
contained  in  the  following  tabular  statement :  increase  in 
E.M.F.  is  indicated  by  the  +  sign,  and  diminution  by  the  — 
sign:— 
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Variation  in  the  E.M.F.  due  to  the  use  of  zinc- 
and  copper-sulphate  sokitions  of  different 
strengths  between  the  Hinitsofsp.gr.  1"0065 
and  l*175j  1)oth  sohition.s  being  of  the  same 
specific  gravity  in  any  given  case    .     . 


Less  than 
001. 


'-■ 


Effect  of  substituting  for  fresh  electro-copper  : — 

Bright  rolled  copper  sheet    

Amalgamated  copper  (surface  wet   with  1 
fluid  mercury)  J 

Effect  of  substituting  for  fresh  electro-zinc : — 

Bright  cast  ziuc 

Amalgamated  ziuc  (surface  wet  with  fluid  "I 
mercury) J 

Electromotive  force  of  combinations : — 

Amalgamated  zinc — Amalgamated  copper  . . . 

,,  „  Electro-copper  , 

, ,  , ,  Bright  copper    

Electro-zinc — Amalgamated  copper     

„         ,,         Electro-copper  

Bright  copper    

Bright  zinc — Amalgamated  copper      

„         „         Electro-cojDper   

„         ,,         Bright  copper 


Maxi- 
mum. 


-f-010 
+  •002 

-f-oo.:) 

+  •003 


1115 
1-11() 
1-124 


M16 
1-118 
1124 


Mini- 
mum. 


Eange. 


Ave- 
rage. 


+•001  :  -009    '  +  -006 
-•003  I  -005    I- -001 


-•005 
-•004 


1-110 
1-111 
1-115 


1-119 
1-121 
1-126 


1-110 
1-111 
1-114 


1-109 
1-110 
1-112 


-010     +-001 
•007     --001 


-005 
-005 
-009 


1-113 
1-114 
M20 


-oot; 
•007 
-010 


-010 

•oil 

•014 


1-114 
1-115 
1-121 


1-115 
1-116 
1-122 


108.  The  above  figures  are,  as  already  stated,  derived  from 
the  observations  made  during  the  first  four  hours  after  settino- 
up  the  cells,  the  values  registered  during  the  firsthalf  hour  or 
so  with  weaker  solutions  being  rejected  on  account  of  their  fre- 
quently being  lower  than  the  sensibly  constant  values  attained  to 
subsequently.  When  the  cells  were  allowed  to  stand  for  twenty- 
four  hours,  or  for  longer  periods,  a  greater  or  less  fall  in  the 
E.M.F.  was  usually  noticed:  by  taking  out  any  pair  of  the  plates 
[e.  g.  the  amalgamated  zinc  and  the  electro-copper  plates)  and 
replacing  them  by  a  freshly  prepared  similar  pair,  it  was  found 
that  the  value  rose  again  to  sensibly  the  same  value  as  on  the 
previous  day  when  only  set  up  a  few  hours;  so  that  by  taking 
out  first  one  and  then  the  other  of  the  pair  of  plates,  determi- 
nations could  be  made  of  the  amount  of  the  total  fall  attribu- 
table to  alterations  of  either  ]ilate  separately.  The  actual 
values  thus  obtained  fluctuated  considerably.  As  a  general 
rule,  it  ^vas  found  that  bright  copper  plates  gave  the  same 
value  after  twenty-four  hours'  immersion  as  they  did  at  first ; 
but  occasionally  the  value  was  lowered  by  "002  to  "004. 
Electro-copper  plates  usually  gave  values  less  by  "002  or  "003 
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after  twenty -four  hours  than  at  first ;  and  in  some  instances, 
when  the  pink  electro-metal  was  sensibly  browned  or  disco- 
loured by  oxidation,  either  all  over  or  here  and  there  in  spots, 
the  diminution  was  even  greater,  sometimes  as  much  as  "OlO. 
Amalgamated  copper  plates,  if  the  surface  were  still  white  and 
brilliant  after  twenty-four  hours,  gave  the  same  value  as  at 
first ;  but  if  the  mercury  had  sunk  into  the  copper,  and  brown 
spots  of  oxidized  metal  were  here  and  there  visible,  the  E.M.F. 
was  a  few  thousandths  of  a  volt  lower  than  at  first.  With  the 
zinc  plates  greater  diminutions  were,  as  a  rule,  observed.  In 
some  cases  amalgamated  plates  showed  little  or  no  diminution 
after  twenty-four  hours;  but  generally  a  diminution  of  '002  to 
•005  was  observed ;  whilst  with  bright  and  electro-zinc  plates 
diminutions  of  from  '001  to  '015  were  noticed.  On  the  whole, 
after  twenty-four  hours  the  E.M.F.  was  sometimes  unchanged, 
and  sometimes  less  by  "020.  After  forty-eight  hours  the  fall 
was  more  perceptible  still,  the  few  combinations  that  had  not 
appreciably  altered  during  twenty-four  hours  always  showing 
a  decided  fall  after  a  longer  period.  It  is  noticeable  in  this  con- 
nexion, that  cells  after  Daniell's  construction,  but  containing 
other  metals  than  copper,  did  not  ahvays  give  the  same  results 
as  normal  Daniell  cells.  Thus,  for  instance,  whilst  cells  con- 
taining cadmium  sulphate  and  cadmium  plates  behaved  like 
copper  Daniells,  in  that  the  E.M.F.  was  sensibly  steady  for 
some  hours  after  first  setting  up,  and  only  exhibited  a  mea- 
surable fall  after  several  hours  had  elapsed,  and  not  always 
then,  analogous  cells  containing  silver  sulphate  and  silver 
plates  invariably  showed  a  perceptible  fall  in  less  than  an  hour 
after  first  setting  up,  the  diminution  becoming  progressively 
greater  as  a  longer  time  elapsed.  That  this  diminution  was 
due  to  a  change  (presumably  oxidation  by  dissolved  air) 
induced  on  the  surface  of  the  zinc  plate  was  rendered  evident 
by  the  fact  that,  on  taking  out  from  such  a  zinc-silver  cell  the 
zinc  plate  after  the  lapse  of  an  hour  or  more,  and  opposing  it 
to  electro-copper  in  an  ordinary  zinc-copper  Daniell,  an  E.M.F. 
was  indicated  considerably  less  than  the  value  given  by  a  fresh 
zinc  plate,  and  usually  just  about  as  much  less  as  represented 
the  fall  in  E.M.F.  observed  with  the  zinc-silver  cell  at  the  end 
of  the  period  during  which  it  was  observed,  as  compared  with 
the  E.M.F.  at  the  beginning  of  that  period,  when  it  Avas  newly 
set  up. 

109.  It  is  further  to  be  noticed,  that  all  the  above-mentioned 
figures  were  obtained  with  cells  the  nature  of  the  construction 
of  which  was  such  that  diffusion  of  copper-sulphate  into  the 
zinc-sulphate  solution,  and  consequent  deposition  of  copper  on 
the  surface  of  the  zinc,  did  not  tcd^x  j^Jctce  at  all  during  the 
whole  time    that   the  observations   lasted.      With   ordinary 
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fijrayity-colls  it  is  almost  impracticablo  to  prevent  traces  of 
copper  reaching  the  zinc  after  some  twenty-four  hours  at 
latest :  the  effect  of  the  deposition  of  even  the  faintest  traces  of 
copper  on  the  zinc  surface  is  to  cause  a  consideralile  fraction 
of  the  eneroy  due  to  the  solution  of  the  zinc  to  become  non- 
adjuvant,  and  thus  materially  to  diminish  the  E.M.F.  Thus, 
for  instance,  the  following  figures  were  obtained  v/ith  one  cell, 
and  similar  ones  in  numerous  other  cases: — 

E.M.F.  of  gravity-cell  newly  set  up:  zinc  plate ")-..-. ^^o 
wholly  free  from  copper J 

After  8  hours:  faint  tarnish  visible  on  the  zinc  .  1"095 
„  24  hours:  slight  film  of  copper  on  the  zinc  .  1*070 
„     48  hours:  thick  film  of  copper  on  the  zinc    .    1*045 

In  much  the  same  way,  the  presence  of  even  small  quantities 
of  impurities  in  the  zinc  causes  an  appreciable  diminution  in 
the  E.M.F.  In  all  the  above-described  observations,  some  of 
the  purest  zinc  that  could  be  bought  was  employed,  being 
fashioned  into  plates  and  rods  by  melting  in  a  porcelain 
crucible,  pouring  out  on  a  fire-clay  tilo,  and  cutting  into  slips 
with  a  chisel,  &c.  When  commercial  sheet  or  cast  zinc  was 
used,  or  when  pure  zinc  was  amalgamated  with  imperfectly 
purified  mercury,  the  E.M.F.  developed  when  such  zinc  "svas 
opposed  to  a  given  copper  plate  was  often  very  materially  less 
than  the  value  obtained  with  pure  zinc,  or  pure  zinc  and 
pure  mercury.  Thus,  whilst  values  varying  between  1*111 
and  1*116  were  obtained  with  pure  amalgamated  zinc  opposed 
to  fresh  electro-copper  as  above  described,  values  varying 
from  1*080  to  1*109  were  obtained  with  commercial  zinc 
amalgamated  with  pure  mercury,  and  with  pure  zinc  amal- 
gamated with  impure  mercury,  similarly  opposed. 

It  is  abundantly  evident  from  the  above-described  results 
(not  to  speak  of  those  detailed  later  on),  that  "the  E.M.F. 
of  a  Daniell  cell  "  is  a  unit  of  comparison  subject  to  decidedly 
Avide  limits  of  fluctuation  ;  but  that  it  is  possible  to  reproduce 
a  standard  cell  of  the  kind  within  a  maximum  limit  of 
variation  of  about  +0*25  per.  cent.,  by  using  Raoult's  form  of 
construction  together  with  a  recently  electro-coppered  or 
amalgamated  copper  plate,  and  a  pure  zinc  plate  amalga- 
mated with  pure  mercury,  the  zinc-  and  copper-sulphate 
solutions  used  being  both  of  the  same  specific  gravity,  the 
precise  value  of  the  specific  gravity  being  immaterial.  Even 
when  made,  however,  such  a  standard  cell  cannot  be  relied 
on  for  more  than  a  few  hours.  It  will  be  shown  in  a 
subsequent  paper  that  whilst  Latimer  Clarke's  mercurous- 
sulphate  cell  is  subject  to  an  even  wider  range  of  fluctuation 
in  E.M.F.  than  the  best  forms  of  Daniell  cell,  its  permanence 
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is  very  far  superior,  a  well-constructed  cell  giving  absolutely 
the  same  value  (when  used  in  conjunction  with  a  quadrant 
electrometer  only)  for  months  and  months  together. 

110.  The  above  described  experiments  having  given  results 
indicating  the  average  values  of  the  electromotive  forces 
developed  with  different  characters  of  plates  when  the  specific 
gravities  of  the  solutions  surrounding  the  plates  are  the  same, 
further  series  of  observations  were  made  with  cells  in  which  the 
zinc-  and  copper-sulphate  solutions  were  not  of  the  same 
specific  gravity,  the  mode  of  operating  being  otherwise  the 
same  as  before"  As  predicable  from  Moser's  figures,  and  as 
previously  observed  by  H.  F.  Weber,  it  was  found  that  when 
the  copper-sulphate  solution  was  the  more  dense  of  the  two, 
the  E.M.F.  was  higher  than  with  solutions  of  equal  density, 
and  vice  versa  when  the  zinc-sulphate  solution  was  the  stronger. 
The  average  results  of  various  observations,  mostly  lasting 
over  four  hours  as  before,  are  contained  in  the  following  table ; 
in  every  case  the  zinc  plate  employed  was  of  pure  metal  and 
amalgamated  with  pure  mercury. 

Effect  of  increasing  the  strength  of  the  Zinc-sulphate  solution 
relatively  to  that  of  the  Copper-sulphate. 


Specific  gra- 
vity of  solu- 
tions used. 


Average  E.M.F.  at  18°  of 
combination. 


Zinc 
sul- 
phate. 


Copper 
sulphate. 


1-145 


M75 


1-260 


#1-395 


el -395 


Nature  of 
copper 
plate. 


Ob- 
served, 


1-010  f 
1-050  I 
1-050  I 
1-010  I 
#1-175  I 


Electro. 
Bright. 


Electro. 
Bright. 


Electro. 
Bright. 


Electro. 
Bright. 


Electro. 
Bright. 


1-099 
1-107 


1-102 
1-108 


1-096 
1-103 


1-077 
1-086 


1-097 
1-104 


Previously 
found  for 
solutions  of 
equal  spe- 
cific gra- 
vity. 


M14 
1-120 


1-114 
1-120 


1-114 
1-120 


1-114 
1120 


1-114 
1-120 


Diflter- 
ence. 


■015 
■013 


-014 

-012 
-012 


Eatio  of  differ- 
ence in  E.M.F. 
to  difference  in 
specific  gravity. 


-012 

-018 
-017 


•0175 

-037 
-034 


•0355 

-017 
■016 

-0165 


•014 
•735 


•012 
-125 


■105 


=  ■096 


•0175 
-021  ' 


•083 


-0355 

-0385 


-0165 
•22 


=  -092 


=  -075 
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Eftect  of  increasing  the  strength  of  the  Copper-sulphate  solu- 
tion relatively  to  that  of  the  Zinc-suljihate. 


I-OIO    r090 


Electro. 
Bright. 


1-129 
1-135 


I-OIO 


-,  ,„,   r    Electro.    M;i-2 
*1  ^^"^  1 '  Bright.     1-141 


1-050  1^*1-17; 


•n,  ( 


1-090  *1-175 


Electro.    1-126 
'  Bright.   1 1-133 


Electro.    1-123 
Bright.   ,1-128 


1-114 
1-120 


1-114 
1-120 


1-114 
1-120 


1-114 
1-120 


•015 
-015 


-015 

-018 
-021 


-0195 

•012 
-013 


•0125 

-009 
•008 


•0085 


•015 
•080 


=0-188 


-0195 
•165  ' 


-118 


-0125 
•125 


=•100 


0085 
•0085' 


-100 


It  is  evident  from  these  figures  that  tlie  accumulation 
round  the  zinc  plate  of  zinc  sulphate,  and  the  exhaustion  of 
the  copper  sulphate  in  the  solution  round  the  copper  plate, 
even  if  carried  out  to  the  utmost  possible  extent,  could  not 
diminish  the  E.M.F.  of  a  Danieil  cell  by  more  than  "03  to  "04 
volt;  Avhilst  it  is  hardly  probable,  even  with  tolerably  rapid 
currents,  that  the  accumulation  would  suffice  to  diminish 
the  E.M.F.  by  more  than  half  that  amount — a  diminution 
almost  negligible  in  comparison  with  the  much  larger  amounts, 
0*1  volt  and  upwards,  found  above  to  be  due  to  this  cause  of 
diminution  and  non-adjuvancy  jointly. 

It  is  noticeable  in  passing  that  the  above  figures  show  that 
when  two  solutions  of  zinc  and  copper  sulphates  iuterdiffuse, 
the  E.M.F.  set  up  (like  that  produced  by  the  interdifFusion  of 
two  zinc-sulphate,  or  of  two  copper-sulphate  solutions,  as  studied 
by  Moser)  is  of  such  a  character  that  the  stronger  solution 
acquires  the  higher  potential ;  the  actual  value  of  the  E.M.F. 
developed  also  is  less  for  a  given  difference  in  specific  gravity  the 
stronge^^  the  solutions,  and,  so  far  as  the  two  sets  of  results  can 
be  compared,  agrees  fairly  with  the  values  deducible  from 
Moser's  experiments — indicating  that  the  difiference  between 

the  E.M.F.  set  up  when  two  different  solutions  of   /^^"^ 

Conner  1  ^  copper 

sulphate  diffuse  into  a  constant      ^v      V  sulphate  solution  is 

substantially  the  same  as  the  E.M.F.  set  up  when  these  two 

different  ^^    '     .  \  sulphate  solutions  diffuse  into  each  other. 

*  Solution  almost  saturated  at  ordinary  temperatures. 
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Moreover  the  effect  of  a  given  alteration  in  the  strength  of 
the  zinc-sulphate  solution  (every  thing  else  remaining  the 
same)  is  sensibly  equal  in  amount,  but  opposite  in  sign,  to 
that  of  a  similar  alteration  in  the  strength  of  the  copper- 
sulphate  solution;  it  is  evident  that  only  when  this  is  the  case 
can  the  E.M.F.  of  the  cell  be  the  same  whether  the  solutions 
be  strong  or  weak.  It  will  be  shown  in  a  future  paper  that 
this  property,  though  not  absolutely  peculiar  to  the  normal 
Daniell  cell,  is  still  rather  the  exception  than  the  rule  with 
analogous  voltaic  combinations. 

Experiments  with  Daniell  Cells  containing  dilute  Sulphuric 

Acid. 

111.  In  all  the  above  described  experiments,  ihe  solution 
surrounding  the  zinc  plate  was  one  of  pure  zinc  sulphate. 
Various  previous  experimenters,  notably  H.  F.  Weber,  have 
found  hioher  values  for  the  electromotive  forces  of  Daniell 
cells  containing  dilute  sulphuric  acid  than  for  those  containing 
zinc-sulphate  solution  (i-ide  §  113):  a  j)7'iori  a  higher  value 
might  be  anticipated,  because  a  notable  amount  of  heat  is 
evolved  on  further  diluting  even  weak  sulphuric  acid;  so  that 
the  total  energy  gained  in  the  cell  is  not  merely  that  due  to 
the  displacement  of  copper  from  copper  sulphate  by  zinc,  but 
also  that  gained  in  the  dilution  of  the  sulphuric  acid  through 
the  diffusion  which  necessarily  goes  on.  On  trying  experi- 
ments of  the  same  kind  as  those  just  described  with  cells  con- 
taining dilute  sulphuric  acid  of  various  strengths  (the  zinc 
being  amalgamated),  it  was  found  that  not  only  was  there  a 
considerable  want  of  permanence  in  the  E.M.F.  set  up,  the 
values  perceptibly  decreasing  after  a  period  of  time  (varying 
in  different  cases  from  half  an  hour  to  several  hours)  had 
elapsed  since  setting  up  the  cells,  but,  further^  that  two  cells, 
apparently  set  up  in  identically  the  same  way,  exhibited  much 
greater  differences  in  their  readings  during  the  period  before 
the  E.M.F.  began  to  diminish,  than  were  observed  in  the  zinc- 
sulphate  cells  examined  as  above  described.  On  the  whole, 
however,  the  average  values  obtained  distinctly  pointed  to  the 
conclusion  that,  when  the  acid  and  copper-sulphate  solutions 
are  of  the  same  specific  gravity,  the  E.M.F.  rises  with 
strength  of  the  solution  ;  and  that  when  they  are  not  of  the 
same  specific  gravity  (the  acid  not  being  stronger  than  spe- 
cific gravity  1*18),  the  E.M.F.  is  sensibly  that  due  to  a  cell 
containing  liquids  both  of  specific  gravity  equal  to  that  of 
the  acid  in  the  cell  examined,  corrected  by  the  addition  (or 
subtraction)  oi'  a  quantity  representing  the  difference  in  spe- 
cific gravity  of  the  solutions  multiplied  by  the  numerical  value 
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deduced  from  the  zinc-sulphate  cell  experiments,  representing 
the  difFerence  in  E.M.F.  produced  by  a  variation  in  the  specific 
o-ravity  of  the  copper-sul[)hato  solutions  equal  to  that  between 
the  acid  and  copper  sulphate  in  the  cell  examined:  i.  e,  if,  for 
example,  the  E.M.F.  of  a  cell  containing  both  liquids  of  sp. 
gr.  I'lOO  be  E,  that  of  a  copper-cell  containing  acid  of  sp.  gr. 
1"100  and  copper-sulphate  solution  of  sp.  gr.  I'OIO  will  be 
E  — (I'lOO  — I'OIO)  xa,  where  u  is  the  factor  expressing  the 
diminution  per  unit  difFerence  of  specific  gravity  in  the  E.M.F. 
between  the  limits  of  sp.  gr.  I'OIO  and  1*100  for  copper- 
sulphate  solution.  Similarly,  that  of  a  cell  containing  acid  of 
sp.  gr.  1"100  and  copper-sulphate  solution  of  sp.  gr.  1*175 
would  be  E  +  (l*175  — l*100)yS,  where  /3  is  the  corresponding- 
factor  for  a  difference  in  specific  gravity  between  the  limits 
1-100  and  1-175. 

Thus,  for  instance,  the  following  values  were  obtained  with 
a  cell  containing  fluids  both  of  sp.  gr.  1-175,  the  temperature 


being  close  to  18°  throughout. 

Period  since  setting  up.     Ijft'J^j^^f.^ 

2nd  hour. 

3rd  hour. 

4th  hour. 

Average. 

Electro-copper  plate     

Bright 

1-161 
1-167 

1-162 
1-168 

1-163 
1-168 

1-160 
1-166 

1-1615 
1-1672 

In  most  cases,  however,  a  distinct  fall  of  upwards  of  '005  volt 
occurred  in  less  than  four  hours. 

A  number  of  similar  series  of  observations  (upwards  of 
thirty)  with  various  other  cells,  in  which  the  fluids  were 
always  of  equal  specific  gravity,  gave  the  following  results, 
the  observations  being  only  continued  as  long  as  the  E.M.F. 
remained  sensibly  constant — i.  e.  for  a  period  of  time  varying 
from  thirty  minutes  to  four  hours,  and  averaging  about  two 
hours.  In  all  these  experiments  electro-copper  and  amalga- 
mated pure  zinc  plates  were  employed. 


Specific  gravity 
of  fluids. 

Electromotive  force  set  up,  iu  volts. 

Maximum. 

Minimum. 

Average. 

1010 
1-050 
1-090 
1-175 

1-143 
1-160 
1-155 
1-179 

l-ll'l 
1-128 
1-137 
1-161 

1-129 
1-139 
1-148 
1-169 

Evidently,  even  with  the  weakest  acid,  the  E.M.F.  is  sen- 
sibly above  that  developed  with  zinc-sulphate  cells — viz,  1-114; 
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Avhilst   with   stronger   solutions   the   diflPerence  is  yet  more 
marked. 

112.  A  number  of  analogous  observations  were  made  with 
cells  containing  dilute  sulphuric-acid  and  copper-sulphate 
solutions,  not  both  of  the  same  sj)ecific  gravity:  the  average 
results  were  as  follows: — 


Specific  gravity  of  Excess  of  spe- 
solutions.          cific  gravity  of 
copper  sul- 

Approximate 
correction  for 
excess  of  spe- 

Average 
E.M.F. 

Observed  E.M.F. 

corrected  for 
excess  of  specific 
gravity  of  cop- 
per sulphate. 

p               '    phate  over 

Acid.      ^OPP®/     acid  solution, 
sulphate. 

citic  gravity       i^          j 
of  copper       observea. 

sulphate. 

1-010 
1-010 
1010 

1-050             +-040 
1-090             +-080 
1-175             +-165 

-0-008              1-1-47 
-0015       1       1-135 
-0-019      i       1-137 

1-139 
1-120 
1-118 

i  Average.... 

..   =  1-126 

1-050 

1-175      ,        +-125       :      -0-012             M48 

1-136 

1-175 
1-175 

1-050             --125 
1-090             --085 

+0-012 
+0008 

1-168 
1-164 

Average,... 

1-180- 
1-170          i 

..  =  1-175 

The  final  averages  representing  the  E.M.F.  corrected  to 
the  uniform  specific  gravities  I'OIO,  l"050j  and  1"175  respec- 
tively, do  not  differ  from  the  values  directly  obtained  as  just 
described  for  these  specific  gravities  by  amounts  outside  the 
limits  of  experimental  error  in  this  class  of  the  various  expe- 
riments made. 

A  peculiar  result  was  obtained  with  cells  containing  sul- 
phuric acid  of  sp.  gr.  1"265,  and  nearly  saturated  copper- 
sulphate  solution  of  sp.  gr.  1"175.  The  E.M.F.  was  consider- 
ably depreciated,  the  average  value  in  four  sets  of  experi- 
ments with  electro-copper  and  amalgamated  pure  zinc  plates 
being  only  1*084  (maximum  1"095,  minimum  1"067).  On 
standing  a  few  hours,  copper-sulphate  crystals  formed  at  the 
junction  of  the  two  fluids,  shoAving  a  much  less  degree  of  solu- 
bility of  the  salt  in  the  acid  fluid  formed  than  in  pure  water. 

Relationships  hetioeen  the  maximum  E.M.F.  develojyed  by  a 
Daniell  Cell  and  the  Energy  due  to  the  net  Chemical  action 
takinci  place  therein. 

113.  The  above-described  results  afford  a  ready  explanation 
of  the  discrepancies  between  the  valuations  of  the  E.M.F.  of 
a  Daniell  cell  that  have  been  made  in  absolute  measure  by 
various  observers,  amongst  the  more  important  of  which  may 
be  cited  those  of  Bosscha  (Pogg.  Ann.  ci.  p.  517,  1856), 
von    Waltenhofen    (Pogg.    Ann.    exxxiii.   p.    478,    1868), 
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Kohlrauscb  (Pogg.  Ann.  cxli.  p.  456,  and  Erydnz.  vi.  p.  35), 
H.  F.  Weber  (Phil.  Mag.  1878,  [5]  v.  p.  189),  and  J.  Tliom- 
sen  (Wied.  Ann.  xi.  p.  24(),  1880),  all  of  which  valuations 
lie  between  1*088  and  1*132  volt  when  reduced  to  that  unit 
(and,  in  the  case  of  Bosscha's  results,  corrected  for  an  error  of 
about  8  per  cent,  in  the  value  of  the  coil  used  by  him).     To 
these  may  be   further  added  the  electrostatic  valuations   of 
Sir  W.  Thomson  and  Latimer  Clark,  both  of  which  lie  near  to 
I'll  volt.     Favre  {Compter  Rendus,  Ixix.  p.  35)  and  Ilaoult 
{Ann.  Chein.  Phj/.s.  [4]  ii.  p.  338,  and  iv.  p.  392)  obtained  by 
methods  involving  calorimetric  measurements  numl)ers  repre- 
senting the  ''  galvanic  heat "  of  a  Daniell  cell,  and  equivalent 
to  considerably  smaller  electromotive  forces,  their  valuations 
(23993  and  23900  gramme-degrees  respectively)  corresponding 
to  1*058  and  1*054  volt.     In  these  instances,  and  in  the  case 
of  the  lower  values  obtained  by  other  observers,  doubtless  the 
"polarizations"  produced   by  the  passage  of  the    tolerably 
powerful  currents  employed  were  considerable.     The  highest 
values  were  obtained  with  cells  in  which  dilute  suljjhuric  acid 
was  used;  thus,  H.  F.  Weber  found  that  a  ])erceptibly  higher 
value  was  obtained  with  such  a  cell  than  with  one  containing 
zinc-sulphate  solution,  viz.  1*1317  and  1*1286  (mean  =  1*1301), 
as  compared  with  1*0954.     That  this  should  be  the  case  is 
predicable    from  the    nature    of  the    heat-evolutions    taking- 
place  when  zinc  is  dissolved  in  acid  of  various  strengths.     Let 
an  amount  of  heat.  Hi,  be  evolved  when  a  gramme-equivalent 
of  zinc  oxide  is  dissolved  in  sulphuric  acid  of  given  strength, 
SO^iHo,  m  H^O  ;  and  let  Ho  be  the  heat  evolved  on  its  solution 
in  acid  of  a  dilierent  strength  SO4  Ho,  n  Hg  0,  n  being  less 
than  ;/(.     Let   the  solution  SO^Zn,  ?iH20,  resulting   in  this 
latter  case,  evolve  hi  of  heat  on  the  addition  of  (m—n)  H^O, 
so  as  to  form  the  solution  SO4  Zn,  )n  HgO;  and  let  the  heat 
evolved  on  the  addition  of  this  quantity  of  water  to  SO4H2, 
n  Ho  0,  so  as  to  convert  it  into  SO4  H2,  -m  HgO,  be  Ag.     Then, 
if  the   zinc  oxide  were  dissolved  in  the  stronger  acid,  and 
the  zinc  sulphate  diluted,  the  heat-evolution  would  be  Ho  +  hi ; 
whilst  if  the  acid  were  diluted  first,  and  the  zinc  oxide  were 
then  dissolved  in  it,  the  total  heat  evolved  would  be  H^  +  ho. 
Since   of  necessity  the    two  amounts  of  heat,  H,  +  hi  and 
Hi  +  /«2j  must    be    equal,    it   results    that    Ho^Hj  — //j  +  Z/g. 
Now    he,   is   a    considerable   positive  quantity  in    all    cases ; 
whilst  Thomsen's  results  on  the  heat  evolved  on  solution  of 
salts  in  water  {Deut.chem.  Ges.Berichte,  1873,  p.  710)  indicate 
that   when    the  solution  is  accompanied   by  heat-absorption 
(as  is  the  case  with  zinc  sulphate),  a  further  heat-absorption 
takes  place  on  diluting  a  stronger  solution  of  the  salt   with 
water,  so   that    hi  has    a  negative    value.      Hence,    on  both 
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accounts,  Hg  is  greater  than  H^ ;  that  is,  the  work  gained  in 
the  synthesis  7ai0,  SO3  a-  aq.  increases  as  x  diminishes.  Since 
the  net  chemical  action  in  a  Daniell  cell  is  equivalent  to 
the  result  of  the  actions  (Zn,  0)  +  (ZnO,  SO3  a- aq.)  — (Cu,  0, 
SOoyaq.),  it  finally  results  that  the  chemical  action  taking 
place  in  the  cell  develops  an  amount  of  energy  which  in- 
creases, coiteris  j^ribus,  as  x  diminishes,  i.  e.  is  greater  the 
more  concentrated  the  acid  surrounding  the  zinc. 

On  the  other  hand,  when  the  zinc  plate  is  surrounded  by 
zinc-sulphate  solution  instead  of  sulphuric  acid,  the  effect  of 
variation  in  the  strengths  of  the  copper-  and  zinc-sulphate 
solutions  will  be  comparatively  but  small  when  both  are  of 
the  same  degree  of  molecular  concentration  (which,  as  shown 
above,  is  very  nearly  the  case  when  they  are  of  the  same 
density).  If  SO4  Zn,  nHgO  evolves,  as  before,  hi  on  addi- 
tion of  (?/?  — ?i)H20,  and  SO4CU,  wHoO  evolves  hs  on  a 
similar  addition,  and  if  H3  and  H^  are  respectively  the  heats 
evolved  when  zinc  displaces  copper  from  Cu  SO4,  jiHgO,  and 
Cu  SO4,  j^HsO,  it  results  that,  if  zinc  displace  copper  from  the 
stronger  solution  and  the  resulting  SO.1  Zn,  ^/HoO  be  diluted  to 
Zn  S04,7nH20,  the  heat  evolved  will  be  Hs  +  Z?! ;  whilst  if  the 
copper- sulphate  solution  Ije  first  diluted  and  then  the  zinc 
displaces  the  copper,  the  heat-evolution  is  H4  +  h^.  Since,  of 
necessity,  H3  +  hi  =  H4  +  h^,  it  follows  that  H3  =  H4  +  h^  —  hi. 
Now,  since  the  solution  of  zinc  and  copper  sulphates  (crystal- 
lized) is  in  each  case  accompanied  by  heat-absorption,  it  results 
that  7^3  and  hi  are  both  negative,  and  hence  that  hs — h^  is 
negligible  if  hs  is  any  thing  like  comparable  with  h^  in  magni- 
tude ;  so  that  in  this  case  the  energy  developed  by  the  net  che- 
mical action  taking  place  in  a  Daniell  cell  must  be  practically 
independent  of  the  degree  of  concentration  of  the  solutions. 

114.  The  earlier  calculations  of  J.  Thomsen,  referred  to  in 
§16,  as  to  the  heat  evolved  in  the  displacement  of  copper 
from  copper  sulphate  Ijy  zinc,  are  for  various  reasons  probably 
less  accurate  than  the  later  results  obtained  by  him  {Journ. 
prah  Chem.  [2]  xi.  p.  412,  and  xii.  p.  271)  ;  these  different 
values  may  be  thus  contrasted,  the  values  being  gramme- 
degrees  per  gramme-molecule : — 
Values  from  expeiiments  by  An- 


di-ews,  Dulong,  Hess,  Favre  and 
Silbermaim,  and  J.  Thomsen. 

Zn,  0,  SO3  aq.   =   108460 
Cu,  0,  SO3  aq.   =      56216 

Difference   =      52244 


50130 

Corresponding    in   volts   {perl  l-IO'S 

gramme-equivalent)  to  1"152 


} 


Values  from  later  experiments 
of  J.  Thomsen. 

106090 
55960 
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The  earlier  value  is  deduced  from  observations  in  wbicli 
the  beat  of  formation  of  copper  oxide  from   tbe  metal   by 
combustion  is  involved,  tbe  copper  being  in  a  more  or  less 
compact  state,  filings  &g.;  tbe  latter  involves  tbe  determination 
of  tbe  beat-evolution  during  tbe  precipitation  of  spomjy  copper 
from  copper  sulpbate  by  iron.     Leaving  out  of  sight   other 
sources  of  difference  between  the  two  values,  this  affords  a 
reason  why  tbe  former  value  should  be  the  higher,  since  heat 
is    evolved    in    tbe   transformation  of  spongy  into    coinpact 
copper  *.     On   the    whole,  it  is   evident   that  tbe  net  che- 
mical change  taking  place  in  a  Daniell  cell  {i.  e.  the  displace- 
ment of  copper  from  copper  sulphate  by  zinc)  corresponds  to 
an  E.M.F.  which  is  a  little  higher  than  1'105  volt  by  an 
amount  which  is  tbe  greater  the  more  compact  tbe  copper 
precipitated,  and   is  approximately  constant    when  the  zinc 
plate  is  surrounded   by   zinc-sulphate   solution  of  tbe   same 
equivalent  strength  as  the  copper-sulphate  solution  surrounding 
the  copper  plate,  but  is  influenced  by  tbe   strength  of  the 
dilute  sulphuric  acid  when  the  fluid  surrounds  tbe  zinc  plate. 
The  amount  of  this  influence  can  be  approximately  calculated 
from  Thomsen's  determinations  of  the  beat  developed  in  tbe 
formation  of  the  solutions  of  strengths  indicated  by   H2SO.1, 
?iH20  where  n  varies  {Dent.  chem.  Ges.  Berichte,  iii.  p.  49G). 
Thomsen  finds  in  gramme-degrees  per  gramme  molecule : — 


gramme-degrees. 


9  14940 

19 1G248 

49  16G7G 

99  1G850 


gramme-degrees. 


199  1705G 

399  17304 

799  17G32 

1599  17848 


From  which   table  the  values  for  any  intermediate  values  of 
11  can   be    obtained   by   interpolation.     In    the    experiments 

*  That  this  is  so  is  sliowu  by  tbe  circumstauce  that  if  a  cm-rent  be  sent 
througb  a  decomposLng-cell  containing  copper-sulphate  solution  and 
copper  electrodes,  of  which  the  positive  one  is  of  compact  rolled  metal,  a 
considerably  higher  difference  of  potential  is  set  up,  under  any  given 
conditions  and  with  a  steady  cuiTent,  than  is  set  up  when  the  +  electrode 
is  replaced  by  one  covered  with  freshly  electro-depositc  d  metal.  The  more 
spongy  textm-e  of  the  latter  corresponds  to  a  greater  heat-development 
during  solution  than  that  taking  place  with  the  compact  metal,  and  hence 
to  a  diminution  of  the  work  that  has  to  be  done  by  the  current  in  passing ; 
with  not  very  powerful  cun'ents  the  difference  often  exceeds  '02  or  'OS 
volt,  corresponding  to  4-jO  to  700  gramme-degrees  per  gi-amme  equivalent. 
In  a  somewhat  similar  way,  but  using  the  mercurial  calorimeter,  Favre 
found  {Comptes  Hendus,  Ixxiii.  p.  12o8)  that  electro-copper  gave  out 
about  1000  gi-amme-degTees  more  heat  than  rolled  metal  per  gramme 
equivalent ;  this  would  correspond  to  an  E.M.F.  of  "044  volt. 
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leading  to  the  valuation  50130  gramme-degrees  for  the  heat 
developed  during  the  precipitation  of  a  gramme  molecule  of 
copper  by  zinc,  Thomsen  used  fluids  containing  altogether  800 
molecules  of  water  to  one  of  zinc  sulphate,  &c.  Hence,  were 
the  acid  used  in  the  synthesis  Zn,  0,  SO3  aq.,  to  be  H2  SO4, 
17  HgO  (corresponding  nearly  to  the  sp.  gr.  1'175),  instead 
of  H2  SO4,  800  HoO,  the  heat-development  Avould  be  greater 
than  106090  by  17(332  —  15986  =  1646  gramme-degrees  per 
gramme  molecule  (15986  being  the  heat  of  dilution  of 
sulj^huric  acid  M^hen  u=17,  deduced  from  the  above  table): 
this  corresponds  to  823  gramme-degrees  per  gramme  equivalent 
=  •036  volt;  i.e.  the  E.M.F.  corresponding  to  the  heat- 
development  during  the  displacement  of  copper  from  copper 
suljjhate  by  zinc  would  be  greater  than  1'105  volt  by  '036, 
or  would  be  ri41  volt.  To  this  amount  should  also  be 
added  the  value  of  the  E.M.F.  equivalent  to  the  heat-absorption 
during  the  dilution  of  ZnS04,17H20  to  Zn  SO4,  800  H2O. 
In  a  similai"  fashion  it  is  calculable  that  to  the  value  1*105 
should  be  added  the  amounts  '023,  "019,  and  '008  volt  when 
sulphuric  acid  of  sp.  gr.  1"090,  1*050,  and  1*010  respectively 
surrounds  the  zinc,  giving  the  sums  1*128,  1*124,  and  1*113 
respectively.  Hence,  finally,  the  following  tables  of  values 
result: — 


Zinc  surrounded  by  Zinc-sulphate  solution. 


Electromotive  force  corre- 
spoucliiig  to  net  chemical 
action. 


Electromotive  force  observed. 


1*105 +  .r, 

where    .v   is    a    small 
quantity  varying  with 


Bright  zinc  opposed  to  bright 

copper     

Bright  zinc  opposed  to  electro- 

copjDer 

Bright  zinc  opposed  to  amal- 
gamated copper 
Amalgamated  zinc  opposed  to 
_        bright  copper    .... 
the  physicarcon^dition    Amalgamated  zinc  opposed  to 
of  the    copper    depo-        electro-copper  •     •     •     • 
g||gj_  Amalgamated  zinc  opposed  to 

i      amalgamated  copper  . 
Electro-zinc  opposed  to  bright 

copper     

Electro-zinc  opposed  to  elec- 

tro-cop})er 

Electro-zinc  opposed  to  amal- 
gamated copper 


1 1*122 
|l*116 
115 
120 
1*114 
1*113 
i  1*121 
jl*115 


} 
I 


114 
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Zinc  surrounded  by  dilute  Sulphuric  Acid. 

E.M.F,  observed 
Calculated        -(Anth  electro-copper 
Strength  of  acid.  electromotive     opposed  to  amalga- 

force.  mated  zinc. 

H2S04,358H20  =  sp.gr.  1-010 j  l-113  +  .y+^  1-129 

H2SO,,    67H20=     „     1-050    1-124 +  .1'+^  1-139 

H2SO4,    37H20=     „     1-090 1  l-US  +  .v+y  1-148 

H2SO4,    17H20=     „     1-175'  I'Ul  +  .v  +  ij  1-169 

where  1/  is  a  small  quantity  corresponding  to 
the  heat  absorbed  on  dilution  of  the  zinc  sul- 
phate to  ZnSO4,800H2O. 

It  is  hence  evident  that  in  all  cases  the  agreement  between 
the  E.M.F.  actually  developed  and  that  due  to  the  net  che- 
mical and  physical  actions  taking  place  is  so  close,  that  what 
differences  exist  lie  within  the  limits  of  experimental  error ;  so 
that,  finally,  the  conclusion  may  be  drawn  that,  under  favourable 
conditions,  the  E.M.F.  of  a  Daniell  cell  is  that  due  to  the  net 
resultant  of  the  various  physical  and  chemical  actions  taking 
place,  the  whole  of  the  energy  being  adjuvant,  viz.  that 
gained  by  the  displacement  from  copper-sulphate  solution  of 
copper  by  zinc,  together  with  that  gained  by  the  transfor- 
mation into  ordinary  electro-metal  of  the  "  nascent "  copper 
first  thrown  down  by  the  action;  whilst  under  other  conditions 
the  E.M.F.  falls  below  this  amount,  even  after  making 
allowance  for  the  effect  of  the  migration  of  the  ions  in 
causing  solutions  of  different  specific  gravities  to  accumulate 
round  the  plates,  indicating  uon-adjuvancy  of  one  or  other 
or  both  of  these  component  portions  of  the  total  energy  gained. 

Experiments  made  ivith  a  view  to  find  ichethei'  the  Fall  in 
E.M.F.  on  increasing  the  Current-density  is  mainly  depen- 
dent on  changes  taking  place  in  connexion  icith  the  actions  at 
the  surface  of  the  Zinc  or  at  that  of  the  Copper  plate. 
115.  In  order  to  trace  out  somewhat  more  completely,  if 
possible,  how  far  that   amount   of  fall  in  the  E.M.F.  of  a 
Daniell  cell  taking  place  as   the  current  generated  increases, 
which  is  not  due  to  the  accumulation  of  solutions  of  zinc  and 
copper  of  different  densities  round  the  plates,  can  be  attributed 
to  actions  taking  place  at  one  or  the  other  plate  respectively, 
the  experiments  described  above  (§103,  104)  were  repeated, 
with  the  difference  that,  instead  of  two  sets  of  readings  only 
being  made  (viz.  when  the  two  larger  and  the  two  smaller 
plates  respectively  were  opposed),  four  sets  were  made — (1) 
when  the  two  larger  plates  were  opposed,  (2)  Avith  the  larger 
zinc  and  smaller  copper,  (3)  with  the  two  smaller  plates,  and 
Phil.  Mag.  S.  5.  Vol.  13.  No.  81.  April  1882.         2  A 
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(4)  with  the  smaller  zinc  and  larger  copper  plates  opposed. 
By  interpolation  from  the  direct  observational  results,  the 
differences  of"  potential  between  the  plates  for  any  constant 
current-yalue  were  then  calculated  in  each  of  the  four  cases. 
By  comparing  the  yalues  thus  obtained  in  cases  (1)  and  (2) 
and  in  (4)  and  (3),  two  sets  of  differences  were  obtained, 
indicating  the  effects  produced  by  halving  the  area  of  the 
cop}>er  plate,  every  thing  else  being  the  same  throughout, 
saving  that  with  results  (1)  and  (2)  the  larger  zinc  plate, 
and  with  the  other  pair  of  results  the  smaller  zinc  plate,  was 
opposed  to  the  two  copper  plates  respectively :  although  this 
modified  the  actual  values  obtained  in  each  of  the  original 
sets  of  readings,  yet  it  produced  practically  no  effect  on  the 
differences.  In  just  the  same  way,  by  comparing  the  inter- 
polation values  in  cases  (1)  and  (4)  and  in  (2)  and  (3),  two 
corresponding  sets  of  differences  were  obtained,  indicating 
the  effects  produced  by  halving  the  area  of  the  zinc  plate ; 
as  before,  the  two  sets  substantially  coincided.  Various 
experiments  of  this  kind  were  made  with  different  plate- 
materials  and  fluids  surroundino-  them :  whilst  the  numerical 
values  obtained  were  found  to  be  to  some  extent  variable 
with  these  conditions,  yet,  on  the  whole,  it  was  always  found 
that  the  effect  of  halving  tlie  area  of  the  copper  plate  notahly 
exceeded  that  of  halving  the  area  of  the  zinc  plate.  For 
instance,  the  following  numl^ers  were  obtained  in  one  set  of 
observations  with  a  cell  containing  bright  pure  zinc  plates 
surrounded  by  zinc-sulphate  solution  of  sp.  gr.  1*42,  and 
freshly-coated  electro-copper  plates  surrounded  by  co^^per- 
sulphate  solutions  of  sp.  gr.  1*175,  the  larger  plates  exposing 
a  surface  of  5'0  square  centimetres,  and  the  smaller  ones  expo- 
sing 'I'D  square  centimetres. 
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Effect  of  halying  the  area 

of  the  zinc  plate. 

Larger  copper  plate 

!  opposed. 

Smaller  copper  plate  opposed. 

Current, 

Mean 

in  micro- 

,  differ- 

amperes. 

(1) 

Larger 

(4) 

Smaller 

Differ- 
ence.   1 

(2) 
Larger 

Smaller 

Differ- 
ence. 

ence. 

i 

zme.; 

zme. 

zinc. 

zinc. 

100 

1-082 

1-076 

■006 

r078 

1073 

•005 

-0055 

200 

1071 

1-064 

-007 

V066 

1060 

•006 

-0065 

500 

1-OGl 

1-052 

-009 

1-055 

1047 

•008 

-0085 

1,000 

1-045 

1035 

•010 

1-036 

1026 

•010 

-0100 

2,000 

1-026 

1-011 

-013 

1-015 

•999 

•016 

-0145 

5,000 

•964 

•950 

•014 

•947 

•929 

•018 

-0160 

10,000 

-876 

-854 

•022 

•843 

•820 

•023 

•0225 

20,000 

-729 

-698 

•031 

•672 

•639 

•033 

-0320 

116.  In  precisely  the  same  way,  the  folio  wing  mean  differ- 
ence-values were  obtained  in  two  other  analogous  experiments, 
in  the  first  of  which  the  zinc  plates  were  amalgamated  and 
immersed  in  zinc-sulphate  solution  sp.  gr.  1"42,  the  copper 
plates  being  also  amalgamated  and  immersed  in  copper- 
sulphate  solution  sp.  gr.  1'175 ;  and  in  the  second  of  which 
electro-copper  plates  and  copper-sulphate  solution  sp.  gr. 
1*175  were  employed,  conjoined  with  amalgamated  zinc  plates 
immersed  in  dilute  sulphuric  acid  sp.  gr.  1"015.  The  above 
mean  difference-values  are  also  exhibited  in  the  table. 


' 

Amalgamated  zinc 

Amalgamated  zinc  ' 

Bright  zinc  and 

and  amalgamated 

and  electro-copper 

electro-copper — 

copper — zinc  sul- 

—dilute  sulphuric 

zinc-sulphate 

Current, 
in  micro- 

phate solution. 

acid. 

solution. 

amperes. 

Effect  of  halving 

Effect  of  halving 

Effect  of  halving 

area  of 

area  of 

area  of 

Copper.      Zinc. 

Copper. 

Zinc. 

Copper.  !    Zinc. 

100 

-001 

•001 

-001 

•001 

•0035 

•0055 

200 

•004 

•002 

1     -002 

•003 

•0045 

•0065 

500 

•009 

-003 

•003 

•005 

-0055 

•0085 

1,000 

•015 

-004 

-005 

•007 

•0090 

•0100 

2,000 

•024 

-005 

-Oil 

•010 

-0115 

•0145 

5,000 

•040 

-009 

•020 

•015 

-0190 

-0160 

10,000 

•049 

-017 

■041 

•020 

•0335 

-0225 

20,000 

•058 

•026 

•056 

•032 

•0580 

-0320 

Much  the. same  kind  of  result  was  obtained  in  various 
other  similar  experiments ;  the  effect  of  halving  the  area  of 
the  copper  plate  was,  especially  with  the  stronger  currents, 
much  more  marked  than  that  of  hahang  the  area  of  the  zinc 

2A2 
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plate.  The  actual  value  of  the  depreciation  produced  Avith 
the  stronger  currents  in  either  case,  moreover,  clearly  indi- 
cates that  the  diminution  cannot  psssibly  be  solely  due  to  the 
formation  of  stronger  zinc-sulphate  solution  round  the  zinc 
plate,  and  weaker  copper-sulphate  round  the  copper  plate,  in 
the  case  of  the  smaller  areas,  than  are  produced  with  the 
larger  ones;  and  hence  the  conclusion  is  arrived  at  that 
when,  by  reason  of  the  production  of  a  current,  the  E.M.F.  of 
a  Daniell  cell  is  diminished,  and  the  energy  developed  becomes 
proi3ortionateJy  non-adjuvant,  the  non-adjuvancy  is  ascribable, 
not  merely  to  actions  taking  place  at  the  surface  of  the  zinc 
plate,  but  also,  and  more  particularly,  to  those  taking  place 
at  the  surface  of  the  copper  plate.  In  the  former  case,  the 
energy  gained  during  the  conversion  of  the  metallic  zinc  of 
the  plate  into  solution  of  zinc  sulphate  makes  its  appearance 
under  such  conditions  partly  as  heat  from  the  veiy  com- 
mencement of  the  action,  and  is  never  ■s^holly  manifested  as 
electric  action  expressible  in  volt-coulombs.  In  the  latter 
case,  the  effect  of  the  chemical  action  of  the  cell  is  to  set 
free  copper,  which,  in  its  transformation  from  the  condi- 
tion in  which  it  is  first  set  free  (nascent  copper)  to  the  con- 
dition ultimately  assumed  (more  or  less  compact  electro-de- 
posited soft  coherent  metal),  causes  a  gain  of  energy  which, 
like  that  due  to  the  solution  of  the  zinc,  is  partly  manifested 
as  heat  ah  origine,  and  is  never,  under  such  conditions, 
obtained  wholly  as  electric  action.  The  actual  proportion  of 
the  energy  due  to  the  solution  of  the  zinc  or  to  the  ao-oiome- 
ration  (or  allotropic  modification)  of  the  copper  which  is  thus 
non-adjuvant,  is  variable  within  certain  limits  with  the  con- 
ditions of  the  experiment,  the  nature  of  the  plate- surfaces  and 
of  the  liquids  in  the  cell,  kc,  but,  cceteris  parihus,  is  greater 
the  stronger  the  current :  with  very  feeble  currents  (of 
density  not  exceeding  some  8  microamperes  per  square  centi- 
metre), the  proportion  of  non-adjuvant  energy  is  too  small  to 
be  measurable. 

Summary  of  Results. 

Ill .  The  above-described  experiments,  and  the  conclusions 
to  be  drawn  from  them,  may  be  thus  summarized  : — 

1.  When  a  Daniell  cell  is  constructed  with  equal-sized 
plates  of  pure  zinc  and  pure  copper  (either  compact  bright 
metals,  amalgamated  plates,  or  plates  covered  with  electro- 
deposited  metal)  immersed  respectively  in  solutions  of  pure 
zinc  and  copper  sulphates  of  the  same  specific  gravity, 
and  is  made  to  generate  a  current  not  exceeding  in  density 
some  8  microamperes  per  square  centimetre,  an  E.M.F.  is  set 
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up  varying  within  certain  small  limits  according  to  the 
precise  condition  of  the  surfaces  of  the  metals  as  regards 
polish,  oxidation,  &c.,  but  always  lying  fairly  close  to  1'115 
volt,  and  practically  identical  with  the  E.M.F.  corresponding 
to  the  energy  gained  in  the  net  chemical  change  ensuing, 
viz.  the  displacement  of  copper  from  copper-sulphate  solution 
by  zinc ;  so  that  inider  these  conditions  practically  all  the 
energy  gained  is  adjuvant,  whether  due  to  displacement  of 
copper  by  zinc,  or  to  transformation  into  ordinary  metal  of 
the  "  nascent  "  copper  thus  set  free. 

2.  When  impure  zinc,  or  pure  zinc  amalgamated  with 
impure  mercury,  is  used,  a  greater  or  less  amount  of  the 
energy  gained  is  non-adjuvant,  even  under  conditions  such  as 
would  with  pure  zinc  cause  all  the  energy  to  be  adjuvant. 
The  source  of  this  non-adjuvancy  evidently  lies  in  the  nature 
of  the  actions  taking  place  at  the  surface  of  the  zinc  plate ; 
the  maximum  E.M.F.  that  such  a  cell  can  senerate  is  more 
or  less  considerably  below  1*115  volt,  in  some  instances  by 
several  per  cent. 

3.  When  the  density  of  the  current  exceeds  8  micro- 
amperes per  square  centimetre,  the  E.M.F.  of  the  cell  falls 
more  or  less  below  1*115  volt,  owing  to  three  causes,  each  of 
which  produces  an  effect  in  the  direction  of  diminishing  the 
E.M.F.  First,  according  as  the  current  density  is  greater 
or  smaller,  a  greater  or  lesser  degree  of  non-adjuvancy  of  the 
energy  gained  in  the  conversion  of  metallic  zinc  into  zinc- 
sulphate  solution  is  brought  about.  Secondly,  a  greater  or 
lesser  degree  of  non-adjuvancy  is  similarly  brought  about  in 
the  energy  gained  by  the  transformation  into  ordinary  copper 
of  the  "nascent"  metal  liberated  at  the  surface  of  the  copper 
plate  ;  other  things  being  equal,  this  source  of  non-adjuvancy 
distinctly  predominates  OA'er  the  other  source  just  mentioned. 
Thirdly,  the  passage  of  the  current  causes  a  weaker  solution 
of  copper  sulphate  to  be  formed  round  the  copper  plate,  and  a 
stronger  one  of  zinc  sulphate  to  be  produced  round  the  zinc 
plate,  than  were  originally  used ;  this  sets  up  an  inverse 
E.M.F.,  and  diminishes  the  effective  E.M.F.  of  the  cell. 
The  maxinmm  possible  diminution  due  to  this  cause  does  not 
exceed  "04  volt ;  whilst  with  a  current  the  density  of  which 
amounts  to  '003  ampere  per  square  centimetre  and  upwards, 
the  total  diminution  due  to  this  cause  together  with  the  non- 
adjuvancy  amounts  to  several  times  this  maximum  possible 
value.  Tlie  diminution  due  to  these  various  causes  jointly 
constitutes  what  is  sometimes  spoken  of  as  the  "  polarization  " 
of  the  cell. 

4.  When  the  solutions  of  zinc  and  copper  sulphate  em- 
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ployed  are  not  of  the  same  specific  gra^-ity,  the  E.M.F.  of 
the  combination  differs  from  that  which  would  have  been  set 
up  had  both  been  of  the  same  specific  gravity  by  an  amount 
which  increases  with  the  difference  in  specific  gravity  of  the 
two  solutions:  if  the  copper-sulphate  solution  is  the  stronger,  the 
E.M.F.  is  increased,  and  vice  versa.  The  amounts  of  increase 
and  decrease  are  sensibly  the  same  as  the  electromotive  forces 
generated  when  two  copper-sulphate  or  two  zinc-sulphate 
solutions  interdiftuse,  the  specific  gravities  of  which  are  iden- 
tical respectively  with  those  of  the  two  fluids  actually  present  in 
the  cell  examined.  So  long  as  the  two  solutions  are  of  the 
same  specific  gravity,  the  E.M.F.  set  up  is,  ccetens  paribus, 
sensibly  independent  of  the  actual  value  of  this  specific 
gravity ;  at  least  the  fluctuations  observed  are  not  outside  the 
range  of  experimental  errors. 

5.  When  dilute  sulphuric  acid  is  used  instead  of  zinc- 
sulphate  solution,  its  specific  gravity  being  the  same  as  that 
of  the  copper-sulphate  solution,  an  increase  in  the  E.M.F.  of 
the  cell  is  produced  which  sensibly  corresponds  with  the 
increase  in  the  "heat  of  formation  "  of  zinc  sulphate  when 
sulphuric  acid  is  employed  of  the  strength  used  in  the  cell,  as 
compared  with  acid  diluted  to  a  larger  extent  (Hg  SO4, 800 
HgO).  If  the  copper-sulphate  solution  differs  from  the  acid  in 
specific  gravity,  the  latter  not  exceeding  1*18  in  specific  gra- 
vity, the  E.M.F.  is  raised  above  or  lowered  below  what  it 
would  have  been  had  the  copper  sulphate  been  of  the  same 
specific  gravity,  by  an  amount  w^hich  is  sensibly  the  same 
as  the  E.M.F.  generated  by  the  interdiffusion  of  two  copper- 
sulphate  solutions  the  specific  gravities  of  w'hich  are  iden- 
tical respectively  with  those  of  the  two  fluids  actually  present 
in  the  cell  examined. 

6.  Owing  to  the  diminution  in  the  E.M.F.  of  a  Daniell 
cell  when  generating  a  current,  the  fluctuations  in  the  maxi- 
mum values  obtainable  with  any  given  cell  with  the  physical 
condition  of  the  surfaces  of  the  plates  and  the  time  that  has 
elapsed  since  its  construction,  the  tendency  to  deposition  of 
copper  on  the  zinc  by  diffusion  and  the  consequent  dimi- 
nution in  E.M.F.,  and  the  variation  in  E.M.F.  according  as 
dilute  acid  of  different  strengths  or  zinc-sulphate  solution  is 
used  to  surround  the  zinc  plate,  it  results  that  "the  E.M.F. 
of  a  Daniell  cell"  is  a  very  variable  standard  of  E.M.F.  and 
one  singularly  devoid  of  permanence.  By  taking  suitable 
precautions  in  the  construction  of  a  cell  (using  pure  zinc 
amalgamated  with  pure  mercury,  amalgamated  or  electro- 
copper,  and  pure  zinc-  and  copper-sulphate  solutions  of  the 
same  specific  gravity),  a  cell  may  be  obtained  the  E.M.F.  of 
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which  does  not  differ  more  than  +0'25  per  cent,  from  1*113 
or  1*114  volt,  according  as  amalgamated  or  electro-copper  is 
used;  but  such  a  cell  cannot  be  kept  many  hours  without 
altering  in  value  materially,  and  is  in  practice  a  very  far  less 
convenient  standard  than  the  mecurous-sulphate  cell  of 
Latimer  Clark  ;  for,  notwithstanding  that  the  limits  of  varia- 
tion between  two  cells  of  this  latter  kind,  similarly  prepared, 
are  somewhat  greater  than  those  of  the  best  form  of  standard 
Daniell  cell,  it  nevertheless  possesses  the  valuable  property  of 
remaining  sensibly  constant  (the  temperature  being  the  same) 
for  many  months,  and  even  one  or  more  years,  as  will  be 
more  completely  shown  in  a  future  paper. 


XXXIV.  Notices  respecting  New  Books. 

Itoorhee  Hi/draidic  Experiments.  By  Captain  Allan  Cr^NryiXGHAM, 
B.E.  Vol.  I.,  Text  pp.  :399+XYi.'  Vol.  II.,  Tables— (1)  Detailed 
Tables,  (2)  Abstract  Tables,  pp.  loO  +  xii;  pp.  49.  Vol.  III., 
Plates,  lii.     Eoorkee :  Thomasou  College  Press,  1880,  1881. 

ri^HESE  volumes  give  an  account  of  experiments,  on  Flow  oi' 
A  Water  in  a  Canal,  which  lasted  about  four  years  (December 
1874  to  March  1879,  w  ith  some  intermissions).  We  can  hardW  be 
expected  to  go  through  this  mass  of  calculation,  but  will  endeavour 
to  put  our  readers  <'n  rt/ppor(  with  the  results  arrived  at  by  Captain 
Cunningham  in  his  valuable  labours,  as  here  carefully  cUgested  and 
served  up  for  aU  whom  they  may  concern.  The  mode  of  perform- 
ing each  experiment  is  given  in  great  detail,  not  by  any  means  a  fault 
in  investigations  of  this  nature.  In  condescension,  however,  to  the 
weakness  of  that  bugbear,  the  general  reader,  a  brief  preface,  or 
resume  of  contents  is  attached  to  each  chapter,  giving  "the  gist  of 
the  chapter  without  experimental  or  ai'gumeutative  detail.''  What- 
ever data  or  i*esiUts  appear  to  the  author  to  be  doubtful  are  indi- 
cated by  a  query  (?)  attached.  Eiver-experiments  on  a  small  scale 
are  well  known  not  to  be  applicable  to  large  bodies  of  water. 
India,  with  its  many  large  canals,  affords  favourable  opportunities 
for  such  experiments,  as  our  author  observes,  "  with  a  fair  expecta- 
tion of  a  practically  useful  result.'' 

The  objects  contemplated  by  Captain  Cunningham  were  shortly 
these  : — (1)  discovery  of  a  good  method  of  discharge-measurement ; 
(2)  testing  the  applicability  of  known  mean-velocity  formulae  :  (3) 
discovery  of  a  good  approximation  to  mean  velocity :  all  three  for 
large  canals.  The  main  results  which  are  stated  to  have  been  arrived 
at  are : — Loaded  tube-rods  give  a  rapid  and  sufficiently  close  approxi- 
mation to  mean  velocity  past  a  vertical ;  ^vith  good  arrangements 
discharge-measurements  obtained  by  the  method  advocated  under 
similar  conditions  may  be  expected  not  to  differ  more  than  3  per 
cent. ;  none  of  the  known  mean-velocity  formulae  appear  to  be  of 
really  general  applicability;   central  mean  velocity-measurement 
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appears  to  be  the  best  means  of  ra2nd  approximation  to  mean  (sec- 
tioual)  velocity,  but  the  redaction  must  (at  present)  be  effected  by 
a  coefficient  to  be  found  hij  previous  special  experiment  at  each  site. 
Besides  these  the  author  enumerates  several  minor  results  of  in- 
terest. Enough  has  been  said  to  show  that  the  woi-k  is  a  highly 
technical  one ;  but  though  it  is  caviare  to  the  general,  it  appears  to 
be  a  most  carefully  compiled  account  of  a  series  of  experiments 
of  great  interest  in  its  special  department ;  and  every  thing  has 
been  done,  in  the  way  of  tables,  plates,  and  description,  to  put  stu- 
dents of  this  particular  branch  in  a  position  to  follow  the  lines  on 
which  the  experiments  were  carried  out. 

Experimental  Researches  into  the  Properties  and  Motions  of  Fluids, 
ivitJi   Theoreticcd  Deductions   tJierefrom.     Bi/  W.  FoED  SlAJfLEY. 
London :   E.  and  F.  N.  Spon,  1881,  pp.  550-f-xvi. 
"  I  HAD  taken  for  the  amusement  of  my  leisure  an  experimental 
examination  of  the  undulatory  theory  of  light,  which  I  could  not 
satisfactorily  comprehend.     In  following  up  my  experiments  for 
two  years,  1  found  my  eyesight  impaired,  and  was  advised  that  it 
would   be  necessary  to   leave  these  experiments,  and   also   close 
application  to  reading,  for  some  years,  which  I  did   ^ery  reluc- 
tantly.    One   branch   of   experiment,   somewhat   relative   to   my 
former   studies,  however,  appeared   open  to  me.     The  theory  of 
undulation  of  light  was  generally  introduced  to  our  conception  by 
philosophers   by  similitudes  of   the  motions  of   water-waves  and 
sound-waves  ;   I  thought  I  would   investigate  experimentally,  as 
far   as   possible  to   me,  to   be  assured   our  conceptions  of   these 
motions  were  real,  upon  inductive  principles,  similar  to  those  I 
had  been  employing  for  investigation  of   light.     In  this  subject, 
taking  no  preconceiA'ed  theory  whatever  for  my   experiments,  I 
soon  became  absorbed  in  observations  of  the  motive  eiJects  evident 
in  the  directions  taken  by  impressed  forces  in  fluids  imder  various 
conditions  of  resistance ;  wherein  it  appeared  to  me  quite  evident 
that  there  was  yet  an  immense  amount  of  work  to  be  done  in 
researches  in  the  motions  of  fluids,  before  theoretical  principles  of 
the  sciences  of  hydrodynamics  and  acoustics  could  be  fixed  upon 
mechanical  principles  with  any  great  precision.     It  was  therefore 
clear  to  me  that  in  this  direction  I  might,  if  I  had  the  ability, 
enter   upon   fields   of   research   quite   as   new  as   in  my  former 
studies." 

This  quotation  will  serve  a  double  purpose  :  it  will  show  that  the 
author's  style  requires  the  aid,  which  he  himself  states  that  his 
book  lacked,  "  of  some  well-read  or  well-instructed  student "  to 
prune  it ;  and  also  how  the  present  work  has  come  into  existence, 
in  being  the  record  of  a  A'ery  great  number  of  apparently  carefully 
performed  experiments. 

There  is  an  immense  deal  of  matter,  accompanied  by  numerous 
plates,  which  may  possibly  in  skilled  hands  be  worked  up,  in  some 
future  treatise  on  hydrodynamics,  into  a  more  elegant  form.     In  the 
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meanwhile,  Mr.  Stanley  deserves  our  thanks  for  having  carried  on 
these  researches,  and  for  having,  to  the  best  of  his  ability,  put 
them  on  record. 

It  was  the  author's  idea  to  dinde  his  book  into  four  sections  ; 
the  fourth  however,  on  sound-motions  in  fluids,  is  for  the  present 
kept  in  abeyance,  though  we  are  told  that  it  is  written.  It  would 
now,  of  course,  have  to  discuss  the  recent  discoveries  of  telephones, 
microphones,  phonographs,  et  id  genus  omne. 

The  first  section  treats  of  theoretical  conditions  of  the  fluid 
state  and  motive  properties  of  forces  in  fluids.  Here,  in  the 
second  chapter,  Mr.  Stanley  goes  against  the  theory  accepted 
from  Segner  to  Clerk  Maxwell,  and  takes  the  view  that  the  surfaces 
of  liquids  are  extensile,  and  not  tensile.  He,  however,  modestly 
enough  thinks  that  he  may  have  insufficiently  worked  out  this 
subject,  "although  my  experiments  in  this,  as  in  most  other 
subjects  taken,  are  ten  times  tlie  number  given."  Throughout 
there  is  the  same  diffidence.  Thus,  again,  in  his  eighth  chapter, 
on  resistance  of  solids,  he  remarks  that  "  it  is  very  incomplete  on 
certain  points  for  want  of  sufficient  research  into  the  works  of 
others,  and  more  experiment ;  therefore  it  may  be  considered  to  be 
in  a  certain  degree  speculative." 

The  fifth  chapter  discusses  the  projection  of  fluids  within  like 
fluids,  the  principles  of  conic  resistance,  and  planes  of  fracture  and 
tension.  This  contains  many  matters  of  interest,  amongst  others 
the  interesting,  experiments  of  Tait  and  O.  Reynolds  on  smoke- 
rings,  with  some  of  the  author's  own  expei'iments. 

The  second  section  is  devoted  to  the  discussion  of  cosmical 
phenomena  ;  and  herein  he  follows  to  some  extent  ideas  put  forth 
by  Dr.  Carpenter  and  other  writers. 

The  third  section  is  concerned  with  waves,  experiments  on  which 
were  made  before  the  writer  was  acquainted  with  Scott -Eussell's 
experiments.  "  As  I  was  working  for  the  deiDonstration  of 
principles  only,  I  do  not  regret  the  want  of  this  knowledge  at  first ; 
for  if  I  had  possessed  it  at  the  time  it  would  have  matei'ially 
curtailed  the  interest  I  took  in  my  experiments.  ...  I  have, 
however,  replaced  Mr.  Eussell's  work  for  my  own,  where  it 
appeared  more  demonstrative." 

Mr.  Stanley  has  received  very  little  help,  except  from  books, 
references  to  which  are  given  thi'oughout ;  he,  however,  warmly 
thanks  Professors  Fuller  and  Stokes  for  "  valuable  occasional  critical 
notes "  on  the  earlier  portion.  The  book  is  well  printed  and 
illusti-ated. 
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NOTE  ON  MR.  J.  J.  THOMSON'S  INVESTIGATION  OF  THE  ELECTRO- 
MAGNETIC ACTION  OF  A  MOVING  ELECTRIFIED  SPHERE.  BY 
GEORGE  FRANCIS  FITZGERALD,  FELLOW  OF  TRINITY  COLLEGE, 
DUBLIN,  ETC. 

IN  the  April  number  of  the  Philosophical  Magazine  for  the  pre- 
sent year  Mr.  .T.  J.  Thomson  has  given  an  interesting  investiga- 
tion of  the  electromagnetic  action  of  a  moving  electrified  sphere. 

On  the  fourth  page  (he.  c'U.  p.  232)  of  this  investigation,  he 
makes  an  assumption,  which  he  does  not  justify,  in  order  to  make 
the  components  of  the  vector-potential  of  electromagnetic  induction 
satisfy  the  condition 

did       dy        dz 

As  it  seemed  very  likely  that  they  ought  to  satisfy  this  condition, 
I  thought  it  Morth  while  bringing  l)efore  the  Society  a  justification 
of  his  assumption,  \^liich,  however,  leads  to  slightly  different  equa- 
tions from  his,  though  his  final  result  is  unaffected. 

Mr.  Thomson  has  not  touched  the  question  of  the  discontinuity 
at  the  surface  of  the  sphere,  nor  what  becomes  of  the  displacement 
when  the  sphere  passes  over  a  point.  "We  may  assume  that  the 
point  remains  in  its  displaced  position  (and  this  is  practically  what 
Mr.  Thomson  assumes)  ;  but  if  \^e  do,  the  above  condition  is  not  ful- 
filled. We  may  assume  that  it  returns  to  its  original  position,  so 
that  no  permanent  displacement  takes  place  in  the  track  of  the 
sphere  as  would  occur  on  Mr.  Thomson's  assumption.  This,  how- 
ever, does  not  satisfy  the  condition  either ;  and  I  have  been  led  to 
assume  that  the  particle  does  return  to  its  original  position,  but  that 
in  some  way  or  other  the  discontinuity  at  the  surface  acts  as  if  a 
moving  quantity  of  electricity  acted  like  an  element  of  an  electric 
current.  This  may  seem  like  begging  the  question  ;  but  it  is  only 
doing  explicitly  what  Mr.  Thomson  does  impHcitly.  It  is  evidently 
impossible  that  the  electromagnetic  action  of  moving  electricity  can 
be  due  entirely  to  the  electromagnetic  action  of  the  displacement- 
currents  in  the  dielectric :  for  in  the  case  of  a  plane  moving  parallel 
to  itself  there  are  none  of  these  displacement-currents,  and  yet  that 
is  the  only  case  that  has  been  experimentally  verified. 

To  show  that  my  assumption  leads  to  equations  satisf^-ing  the 
condition,  and  leading  to  practically  the  same  results  as  Mr.  Thom- 
son's, does  not  require  much  work. 

Consider  an  elementary  Aolume  dx ds .  cos  0,  where  ds  is  an  ele- 
ment of  the  surface  of  the  sphere,  and  Q  the  angle  the  radius  makes 
with  X.  The  displacement  in  this  volume  is  =  h,  the  superficial 
density,  while  after  the  time  dt  it  is  zero  on  my  assumption. 

*  From  the  Scientific  Proceedings  of  the  Royal  Dublin  Society,  vol.  iii. 
part  4,  having  been  read  November  21,  1881,  Communicated  by  the 
Author. 
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icement  D,  we  have 
dt=.—l.  d,v  ds  .  cos  d. 


Hence  calling  the  displacement  D,  we  have 

W 
Hence 


I)=  —  S  .  -^  ,ds .cos B. 
dt 

Now  —=P,  the  velocity  of  the  sphere  which  is  supposed  to  be 
dt  .... 

moving  along  .v.  Hence  the  components  of  D  are  /,  g,  h ;  and 
observing  that  ds  =  n- df.id<p,  where  cos  6=^,  and  c(  is  the  radius  of 
the  sphere,  while  47rrt-.  d  =  e,  the  total  quantity  of  electricity  on  the 
sphere, 

fdcc  dy  dz=  —  -J-  jx^  dfi  d<i», 

g  dx  dy  dz=  —  -^  n  cos  0  dfx  dip, 

h  dx  dy  dz=  —  -^  u  sin  6  du  d<p. 
47r 

Hence  the  components  of  the  electromagnetic  potential  are  at  a 
point  at  a  distance 


These  are  the  components  of  the  electromagnetic  potential  due 
to  this  superficial  change  of  displacement  that  I  have  assumed. 
AVhen  integrated  over  the  surface  of  the  sphere,  they  give  at  a 
point  distant  E.  from  its  centre,  and  whose  polar  angles  are  a  and  e, 


3R      6E^ 

epcv 


2 


Gts  =  —  4^F^  COS  a .  sin  a .  cos  e, 

H„  =  —  4=f::t  cos  a .  sm  a .  sm  e. 

If  we  add  to  these  the  components  calculated  by  Mr.  Thomson 
as  due  to  the  external  displacement-currents,  and  given  by  him  (loc. 
cit.  p.  233),  namely 


ep 


10Ji= 


(5R^-3rt^)(cos2a-i), 


Q  =  -^f-  (5E,-— 3«-)  cos  a  sin  a  cos  e, 
lOE'' 

He=  -^5  (5R-  —  3rt*)  cos  a  sin  a  cos  e, 
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we  get,  as  the  resultant  values  of  the  components  produced  by  the 
displacements  assumed, 

G-d=      -^(E^— rt^)cosasinacos€, 

Hh  =     -^  (E.^  —  ct^)  cos  a  sin  a  sin  e, 
2E 

which,  however,  do  not  satisfy  the  condition 


IF 


d    I'^l     i_  '^^^d  — Q 


(?«  f??/  rf^' 

Xow  it  is  verv  easy  to  calculate  the  action  of  the  superficial 
moA'ino'  electricity  if  it  be  assumed  to  act  like  an  electric  current. 
Each  element  of  the  surface  will  act  as  if  it  had  an  electric  c  .p  on 
it :  and  the  .v  components  of  the  electromagnetic  potential  will  evi- 
dentlv  be  the  same  as  the  electrostatic  potential,  while  the  ?/  and 
z  components  ^dll  vanish.     Hence 

Y  —t^      Q  =H  =0 

My  assumption  is  that  the  complete  components  are 

r=F,4-l^d.     G=Gc  +  C^d,     H  =  H,  +  Hd; 
and  it  is  easy  to  see  that  they  can  be  put  into  the  form 

E         6    I'  \h-   E       EJ 


G=  f^(W-(r) 


6    ^  (lxdy"R' 

and  these  satisfy  the  condition 

rl:c       di/         dz 
These  may  be  farther  simplified  by  assuming  a  function 

^  2    \  dxj^ 

G=  dy 

H=  ^. 

dz 
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We  hence  easily  see  that,  iu  the  general  case  where  the  sphere  is 
moving  with  component  velocities  jj,  q,  >',  wo  must  take 

X  =  -  7  {  P^v+iy+rz+a^(p^^  +q  I  +r  I)  }  i  ; 
or,  calHng 


and  observing  that 

we  have 

and  then  we  have 


d    ,      d    ,      d        d 
^'7U-^''dy+''Tz  =  TB^ 

^^^  dx' 
a-  A'^?  4.  ^^X 

H=  ^'  +  -^^. 

From  these  it  appears  at  once  that  the  magnetic  effect  of  the 
displacement-currents  is  niJ.  For  the  components  of  the  magnetic 
forces  a,  /3,  y  are 

^dG_im 

dz        di/ ' 

dx       dz ' 
cZF      (?G 

and  X  disappears  from  this,  and  there  only  remains  the  magnetic 
action  due  to  the  current  that  I  have  assumed  to  represent  the 
moving  superficial  electricity.  The  effect  of  this  is  obviously  the 
same  as  if  the  whole  quantity  of  electricity  were  moving  at  its 
centre  :  and  this  is  the  same  as  Mr.  Thomson's  result  (I.  c.  p.  236). 

It  is  to  be  observed  that  Mr.  Thomson  has  intentionally  omitted 
the  self-induction  of  these  displacement-currents  on  one  another ; 
and  it  may  legitimately  be  omitted  when  the  motion  is  compara- 
tively slow  ;  but  a  complete  solution  of  the  question  would  be  most 
interesting. 

It  may  be  worth  while  remarking,  that  no  effect  except  light  has 
ever  yet  been  traced  to  the  displacement-currents  assumed  by  Max- 
well in  order  to  be  able  to  assume  all  currents  to  flow  in  closed 
circuits.  It  has  not,  as  far  as  I  am  aware,  been  ever  actually  de- 
monstrated that  open  cii'cuits,  such  as  Leyden-jar  discharges,  pro- 
duce exactly  the  same  effects  as  closed  circuits  ;  and  until  some 
such  effect  of  displacement-currents  is  observed,  the  whole  theory 
of  them  will  be  open  to  question. 
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ON  A  YIBEATORY  MOTION  AT  THE  0RIC4IN  OF  A  JET  OF  VAPOUR. 

BY  M.  TH.  YAUTIEE. 

In  the  course  of  some  researches  which  I  have  commenced  upon 
the  flow  of  gases  and  vapoiu's,  I  ha^'e  observed  a  singular  pheno- 
menon, which  was  first  signahzed  in  1826,  by  an  engineer  of  Fou- 
chambault's  iron- works  : — When  a  jet  of  gas  or  vapour  flows,  under 
pressure,  through  an  orifice,  if  a  plate  be  placed  normal  to  the  axis 
of  the  jet,  at  a  certain  height,  it  is  repelled ;  but  when  the  plate  is 
lowered  parallel  to  itself,  it  is  attracted,  and  spontaneously  sup- 
ports itself  at  about  0*2  millim.  from  the  orifice,  oscillating  about  a 
position  of  equilibrium  and  emittiug  a  sound. 

I  have  succeeded,  by  means  of  a  "\-ery  simple  arrangement,  on 
fixing  some  plates  in  that  situation,  in  making  them  give  forth 
sounds  high,  intense,  as  prolonged  as  I  pleased,  and  directly  register 
those  vibrations.  I  have  obtained  in  the  tracings,  undulations  of 
remarkable  regularity  and  amplitude. 

I  have  directly  registered  the  A'ibrations,  thus  kept  up  by  a  jet  of 

vapour,  of  a  plate  giving  a  note  close  to  the  la^^=7250  single  vibra- 
tions per  second.  An  electrodiapason  simultaneously  registered  its 
vibrations.  Pi'essure  in  the  boiler,  4" 5  atm. ;  diameter  of  the  orifice, 
2*7  millim.  Diameter  of  the  plate,  6  millim. ;  thickness,  1*5  ;  dis- 
tance from  the  orifice,  0-2  ;  amplitude  of  the  vibrations,  0*7.  Thus, 
then,  we  have  a  chronograph  directly  registering  yrJ^u  of  a  second. 

The  sound  which  I  get  is  inteuser  than  that  ol  the  diapasons 
which  give  the  same  note,  and  of  which  it  has  not,  up  to  the  pre- 
sent, been  possible  to  sustain  the  motion  electrically  in  a  practical 
manner,  and,  consequently,  to  register  it  continuously.  The  appa- 
ratus which  I  have  prepared  traces,  as  long  as  I  please,  in  sharp 
outline,  regular  vibrations  of  sufficient  amplitude  to  be  subdivided 
in  the  usual  manner.  This  subdivision  is  facilitated  by  the  fineness 
of  the  tracing,  m  hich  is  obtained  l:>y  means  of  very  sharp  styles, 
which,  pressed  lightly  upon  sheets  of  mica  either  smoked  or  not, 
leave  a  thin  stroke  engraved  upon  those  surfaces. 

Hitherto,  at  least  to  my  knowledge,  it  has  been  found  possible 
at  most  to  register,  directly  and  continuously,  the  thousandth  part 
of  a  second,  which  is  afterwards  divided.  The  apparatus  which  I 
use  registers  directly  the  seven-thousandth  of  a  second ;  and  the 
tracing,  very  thin,  favours  the  usual  divisions.  The  results  obtained 
by  me  quite  recently  permit  me  to  expect  to  register  sounds  of  still 
higher  pitch.  I  purpose  to  apply  this  chronograph  to  the  measure- 
ment of  some  rapid  phenomena. — Comptes  Hendiis  de  FAcademie  des 
Sciences,  March  6,  1882,  t.  xciv.  p.  612, 


ON  THE  COMPRESSIBILITY  OF  GASES.      BY  M.  E.  SARRAU. 

1.  In  a  memoir  on  the  compressibility  and  expansion  of  carbo- 
nic acid,  very  important  when  regarded  from  the  thermodynamic 
point  of  view,  M.  Clausius  has  proposed  for  this  gas  the  following 
relation  between  the  pressure  (p),  the  volume  {i'),  and  the  absolute 
temperature  (T): — 

^'     v-o,      T(v-|-/3) ^^' 
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The  eminent  ph3'sicist  has  verified,  with  the  aid  of  Andrews's 
experiments,  that  this  vehitiou  represents  exactl_y  the  transforma- 
tions of  gaseous  or  liquid  carbonic  acid ;  and  he  thinks  that  the 
same  formula,  with  suitable  values  of  the  constants  E,  K,  a,  /3, 
must  be  con'ect  for  all  gases. 

Among  the  consequences  resulting  from  this  formula  must  be 
noticed  those  concerning  the  critical  point.  Indeed  it  follows,  from 
tlie  interpretation  given  by  M.  Clausius  of  the  results  of  his  for- 
mula, that  when  the  critical  point  is  reached  the  function  p  satis- 
fies the  two  conditions  '^=0,  ^  =  0.     Bv  combining  these  con- 

clv  ad- 

ditions with  the  relation  (l)we  get  three  equations,  from  which  we 
deduce  the  following  values  of  v,  T,  p  cori'esponding  to  the  critical 
point : — 

2.  I  proposed  to  myself  to  verify  M.  Clausius's  relation  for  other 
gases  than  carbonic  acid,  making  use  of  the  extensive  experiments 
of  31.  Amagat,  in  which  the  temperature  varied  from  15'  to  100^, 
and  the  pressure  from  25  to  320  metres  of  mercury. 

The  numerical  determination  of  the  coefficients  being  not  without 
difficulties,  it  is  not  needless  to  indicate  the  course  which  I  have 
uniformly  pursued  to  accomplish  it.  Let  p  andp'  be  the  pressures 
corresponding  to  one  and  the  same  value  v  at  two  different  tempe- 
ratures T,  T';  we  have  the  two  relations 

^_  BT   _       K  y^  J^T'  _       K 

^^      v-a      T{y-\-(if  ^^       v—a      TV  +  /3/ 
Putting 

^_    T'--T^  /       T"-T^'    ~ 

p'T-pT'     ^'     V  TTip'T-pT) 
we  deduce  from  the  above  two  equations,  by  successively  eliminating 
K  and  R, 

-Er='^'  VS"^ ^^ 

Therefore  knowing  two  corresponding  values  of  v  and  x  suffices 
for  obtaining  E.  and  a.  and  two  corresponding  values  of  v  and  u  for 
obtaining  K  and  /3 ;  but  if  we  take  a  superabundant  number  of 
simultaneous  values  (f,  x)  and  (v,  7/),  we  can  verify  the  exactness 
of  the  relations  (3)  and  make  all  the  equations  contribute  to  the 
calculation  of  the  coefficients,  M.  Amagat's  experiments  do  not 
give  directly  the  pressures  which  at  different  temperatures  corre- 
spond to  tlie  same  volume;  I  obtained  them  by  interpolation.  The 
mode  of  calculation  adopted  employs  for  the  values  of  the  coeffi- 
cients the  units  employed  by  M.  Amagat.  The  pressures  are  ex- 
pressed in  metres  of  mercury,  or,  dividing  by  0-760,  in  atmospheres. 
The  unit  of  volume  is  not  specified ;  but  without  knowing  this  we 
can  determine  the  values  possessed  by  the  constants  by  taking  for 
unit  the  volume  of  the  gas  under  the  atmospheric  pressure  and  at 
zero.     In  fact,  in  consequence  of  the  change  of  unit,  v  must  be  re- 
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placed  by  -,  e  being  a  conveniently  chosen  factor.     Eelatiou  (1) 
thus  becomes  : — 

^^    EeT    _        Ke- 
^^       y-ea^'lXi'  +  e/S)-" 
The  volume  of  the  gas  under  the  normal  pressure  at  zero  being 
taken  as  unit,  it  follo\^•s  from  the  properties  of  perfect  gases  that 

Ee  becomes  =,-3^3.     The  factor  e  is  therefore  determined. 

3.  The  Compressibility  and  Critical  Point  of  Oxygen. — The  cal- 
culation, applied  to  two  series  of  experiments  on  oxygen  *,  leads  to 
the  following  values  : — 

log  E=  1-23676;     log iv  =  7-08424  ;     a=4-19  ;     /3=3-23. 
If  ^nth  these  coefficients,  and  employing  measured  volumes,  we 
calculate  the  corresponding  pressures,  we  find  the  numbers  in  the 
following  Table,  from  which  the  accuracy  of  the  formula  can  be 
appreciated : — 


Temperature  14°' 

•7. 

Temperature  100°-2, 

Pressure. 

Differ- 

Pressure. 

Calcu- 

Calcu- 

Differ 

I'^olume. 

Measured. 

lated. 

ence. 

Volume.     Measured. 

lated. 

ence. 

atm. 

atm. 

atm. 

atm. 

atm. 

atm. 

40-90  , 

113-4 

113-6 

-0-2 

45-57  141-1 

141-9 

-0-8 

32-78  . 

141-1 

141-1 

00 

35-97  181-1 

181-4 

-0-3 

25-67  , 

181-1 

180-5 

+0  6 

27-52  240-9 

241-5 

-0-6 

19-56  . 

240-9 

241-7 

-0-8 

20-20  342-1 

342-8 

-0-7 

14-59  . 

342-1 

344-3 

—  2-2 

17-16  418-9 

418-1 

-1-0-8 

12-74  . 

418-9 

414-8 

+4-1 

Adopting  for  the  unit  of  pressure  the  atmospheric  pressure,  and 
for  the  unit  of  volume  the  volume  of  the  gas  at  zero  imder  the 
pressure  of  the  atmosphere,  the  four  constants  of  the  formula  are, 
for  oxygen, 

E=0-003663,     K  =  0-5475,     a=U-000S90,     /3  =  0-000686  ; 

and  for  the  critical  point  the  valiies  of  the  variables,  calculated  by 
the  formulae  (2),  are 

i;^=0-004042,     ^,=  -105^-4,    j9^= 48-7  atm. 

These  numbers  lead  to  a  remarkable  conseqttence.  31.  Eaoul 
Pictet  measured  the  density  of  solid  oxygen  at  the  temperature  of 
about  —110^,  under  the  pressiu-e  of  470  atmospheres.  IE  we  seek, 
by  means  of  the  formula,  the  corresponding  value  of  v,  we  find 
0-00136.  Applying  this  result  to  the  unit  of  Aveight,  and  taking 
the  litre  as  unit,  we  find  0-00136x697-2=0-948.  The  density, 
therefore,  is  very  close  to  unity,  in  accordance  with  the  valuation 
of  M.  Eaoul  Pictet.  In  an  early  communication  I  will  make  known 
the  results  relative  to  the  other  gases  investigated  by  31.  Amagat. 
—  Comptes  Rendus  de  VAcademie  des  Sciences,  3Iarch  6,  1882, 
t.  xciv.  pp.  639-642. 

*   Coinptes  Rendus,  Nov.  15,  1880. 


Phil   Mag   S   'j   Vol   13    PI    \  III 


ABC  A 


rjH 


■iH]E_iE-J]il  If 


Fig   6 


Ja 


.Ih-^3JE  Jl  I'- 


PHI  Mag.  S  5  .Vol.13  .Pl.Vm. 


s: 

s_ 


D 


6^ 


t 


1 


h^^^^M^ 


Fig. 6. 


r--i'- 


rit. 


-ft---. 


Fig.  7. 

Scale   ^ 


THE 
LONDON,  BDINBURaH,  and  DUBLIN 

PHILOSOPHICAL    MAGAZINE 

AND 

JOURNAL    OF    SCIENCE. 


[FIFTH   SERIES.] 

MA  r  1882. 

XXXYI.  Physiological  Perspective. 
By  W.  Le  Conte  Stevens*. 
[Plate  VIII.  figs.  1-5.] 
1.  Brewster  s  Experiment. 

SIR  DAVID  BREWSTER,  in  his  essay  '  On  the  Know- 
ledge of  Distance  given  by  Binocular  Vision'  Q844), 
and  in  his  subsequent  volume  on  the  Stereoscope  (1856), 
describes  the  binocular  union,  bj  optic  convergence,  of  simi- 
lar pictures  regularly  recurring  on  large  surfaces.  The 
result  of  viewing,  by  cross  vision,  flowers  twelve  inches 
apart,  on  a  papered  wall  at  three  feet  distance,  he  describes 
partially  as  followsf: — "  The  whole  papered  wall,  with  all  its 
flowers,  will  be  seen  suspended  in  the  air  at  the  distance  of 
six  inches  from  the  observer.  At  first  the  observer  does  not 
decide  upon  the  distance  of  the  suspended  wall  from  himself. 
It  generally  advances  slowly  to  its  new  position  ;  and  when  it 
has  taken  its  place  it  has  a  very  singular  character.  The 
surface  of  it  seems  slightly  curved.'^ 

The  geometric  explanation  of  the  position  of  the  phantom 
wall,  as  given  by  Brewster  J,  is  easily  understood.  Let  R 
and  L  (fig.  1)  be  the  optic  centres  of  the  right  and  left 
eyes  respectively,  and  A,  B,  C,  A',  B',  C ,  equidistant  points 
on  the  wall.  If  the  right  eye  is  directed  to  A  and  the  left  to 
A',  the  intersection  of  visual  lines  is  at  a.  The  points  h  and 
c  are  determined  in  like  manner ;  and  if  the  interocular  line 

*  Communicated  by  the  Author. 

t  Brewster  on  the  Stereoscope,  London,  1856,  p.  91. 

X  Ibid.  p.  95. 
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R  L  be  parallel  to  the  wall,  it  follows  that  the  phantom 
surface  must  be  a  plane  S  8'  parallel  to  the  wall.  This  expla- 
nation fails  to  account  for  the  apparent  curvature  S''  S'''; 
and  on  actually  trying  the  experiment  it  will  be  found  that 
the  convexity  is  very  slight  unless  the  optic  convergence  be 
strong. 

2.    The  Binocular  Eye. 

In  examining  this  ])henomenon  it  is  indispensable  that  the 
observer  distinguish  between  subjective  effects  and  objective 
realities,  between    a  sensation  and    its    exciting    cause.      In 
seeing  with  two  eyes,  the  sensation  is  the  same  as  if  both 
wei'e  fused  into  a  single  binocular  eye,  midway  between  them, 
whose  optic  centre  is  the  point  of  origin  in  all  estimates  of 
direction  and  distance.     The  two  visual  lines  are  subjectively 
combined  into  a  single  line,  extending  from  the  yellow  spot 
of  the  binocular  eye  as  far  as  the  external  point  to  which  the 
observer  mentally  refei's  the  combined  retinal  yjicture.     There 
can   hence  be   no  perceived   intersection  of  visual   lines  as 
assumed  by  Brew'ster.     The  recognition  of  optic  convergence 
or  divergence  is  through  the  muscular  sense  ;  and  the  locali- 
zation of  objects  in  the  field  of  view  is  the  interpretation  of  a 
complex  sensation,  not  a  simple  geometric  determination.     I 
have  recently  devised  a  refracting  stereoscope  *,  by  means  of 
which  the  same  stereograph,  within  a  few  seconds  of  time, 
may  be  viewed  successively  by  optic  divergence,  with  natural 
relief,  and  by  slightly  greater  convergence  with  reversion  of 
relief.     The  binocular  image  is  seen  either  alone  or  accom- 
panied by  a  pair  of  monocular  images,  as  may  be  preferred, 
and   varies  in  aj^parent    distance  and    size  according  to  the 
degree  of  muscular  strain  attendant  upon  binocular  vision  in 
each  case.     The  appearance  of  monocular  images  can  be  easily 
secured  with  the  ordinary  lenticular  stereoscope,  by  I'emoving 
the  longitudinal   screen  while  the  relation  between  the  two 
visual  lines  is  kept  unchanged.     The  subjective  effect  is  that 
the  binocular  image,  in  full  relief,  remains  apparently  single 
and  directly  in  front  of  the  binocular  eye,  while  on  each  side 
of  it  a   separate  monocular   image  is   perceived  by  indirect 
vision.     This  is  true  for  optic  divergence  as  well  as  conver- 
gence; and  the  recognition  of  the  subjective  union  of  the 
eyes  must  underlie  any  attempt  to  explain  the  phenomena  of 
binocular  vision. 

3.   Gradation  in  Retinal  Fusion. 
However  mistaken  Brewster  may  have  been  in  his  theory 

*  American  Journal  of  Science,  March  1882. 
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of  visual  triangulation,  he  was  right  in  laying  stress  upon  the 
successive  changes  of   relation    between  the  visual  lines    in 
attaining  the  illusion  of  binocular  relief.     In  many  cases  this 
is   indispensable    to    perfect    success ;  but   it   is  not   a  fully 
sufficient  explanation.     When  the  stereoscopic  displacement 
on  the  conjugate  pictures  is  small,  the  perception  of  relief  is 
instantaneous,   as    has    been    abundantly    established    by  the 
experiments  of  Dove,  Helmholtz,  Le  Conte,  and  others^  who 
illuminated    the    stereograph   with  the    electric    spark.     But 
when  the  stereoscopic    displacement  is    large,   if  a  pair   of 
properly  constructed  diagrams  be   employed,  the   superposed 
external  images  may  be  made  apparently  to  spring  into  full 
relief  only  by  play  of  the  eyes,  and    to  flatten  out  into  a 
confused    network    of   intersecting    and    partially  coalescent 
lines  by  making  the  gaze   rigidly  fixed.     The  perception  of 
relief  is  then  confined  to  those  parts  where  the  displacement 
is  small.     The  fact  that  this  residual  relief  is  always  more 
or   less   perceptible,    indicates    that   the    generally   accepted 
theory  of  corresponding  retinal  points  cannot  be  interpreted 
mathematically.    The  so-called  minimum  visibile  is  not  a  point, 
but  corresponds   to  a  retinal  area  whose  diameter  is  variously 
estimated  from  "003  mm.  to  '005  mm.     It  is  impossible  to 
perceive  separately  an  object  whose  retinal  picture  is  smaller 
than  this.     But  it  may  be  quite  possible  for  the  qualify  of  a 
retinal    sensation  to  be  modified    while    the    additional    im- 
pression, apart  from  that  which  it  modifies,  would  be  imper- 
ceptible.    This  indeed  is  qi:ite  comparable  to  our  perception 
of  musical  quality  by  the  ear.     Through  the  auditory  nerve 
it  has  always  been  possible  to  distinguish  between  notes  of 
the  same  fundamental  pitch  from  different  sources.     It  was 
reserved  for  Hemholtz  to  analvze  by  instrumental  aid  what 
had  previously  eluded  analysis  by  the  unaided  ear,  and  show 
that  minute  modifications  upon  the  sensations  that  had  been 
regarded  as  identical  were  due  to  additional  impressions  that 
were  separately  imperceptible  without  resonators.   The  sensible 
coalescence  between  a  fundamental  and  the  overtones  which 
give  it  character,  or  between  the  sensations  produced  by  two 
well-trained  unisonant  voices,  each  with  its  attendant  over- 
tones which   make  them    produce  slightly  dissimilar  sound- 
images,   is    in  no   way  more    remarkable    than  the   sensible 
coalescence  of  slightly  dissimilar  fight-images,  with  the  pro- 
duction of  new  and  recognizable  quality.     Whether  the  com- 
plete analysis  of  such  complex  images  will  ever  be  made  is 
for  the  future  to  develop. 

Wheatstone  therefore  was  correct  in  his  theory  of  mental 
fusion  of  retinal  images,  so  far  as  this  goes  ;  but  it  does  not 
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go  far  enough.  Brewster  was  right  in  considering  it  inade- 
quate, and  emphasizing  the  fact  that  while  the  foreground  is 
seen  single  the  background  must  be  double  ;  but  the  quali- 
fying statement  is  necessary  that  this  is  perceptible  only  when 
the  stereoscopic  displacement  is  considerable.  Returning  to 
the  comparison  with  sound-perceptions,  two  strings  of  different 
material  may  be  mistuned  so  as  to  produce  beats  ;  but  by 
successive  alterations  of  tension  they  may  be  made  sensibly 
imisonant,  with  alternately  higher  and  lower  pitch,  yet  the 
resultant  quality  in  each  case  is  perceived  to  be  different  from 
that  of  the  sound  from  either  string  alone.  In  like  mannei', 
with  retinal  sensations,  we  may  pass  from  sensible  coalescence 
with  distinctions  of  relief  in  the  foreground,  while  the  back- 
ground is  double,  to  similar  coalescence  in  the  background, 
leaving  the  foreground  double.  The  simultaneous  relaxation 
of  muscular  tension  produces  the  impression  of  greater  distance 
of  the  new  points  thus  combined  by  modified  fusion  ;  for  in 
normal  binocular  vision  the  internal  rectus  and  ciliary  muscles 
become  relaxed  in  withdrawing  the  attention  from  a  very 
near  body  and  bestowing  it  upon  one  that  is  distant. 

4.  Physiological  and  Physical  Perspective. 
Wheatstone  and  Brewster  thus  separately  emphasized  the 
importance  of  phenomena  that  are  complementary,  not  con- 
tradictory. Wheatstone's  theory  of  binocular  perspective  was 
based  mainly  upon  physiological  considerations;  and  he  indi- 
cates that  he  regards  convergence  of  visual  lines  as  invariably 
accomplished  in  all  binocular  vision,  though  he  cites  some 
exceptional  cases  in  which  it  seems  not  to  determine  the 
apparent  position  of  the  object  vieAved.  Brewster's  theory 
was  distinctively  geometric ;  he  considered  variation  of  relation 
between  visual  lines  to  be  important  because  the  successive 
points  in  the  field  of  view  were  to  be  determined  by  their 
intersection ;  and  hence  he  concludes  that  "  we  see  distance."* 
Subsequent  investigation  now  proves  that  the  localization  of 
what  is  viewed  in  the  stereoscope  is  in  no  way  dependent  upon 
such  intersection,  but  that  binocularly  we  simply  estimate 
distance  as  in  monocular  vision.  The  estimate  is  indeed  for 
short  distances  far  more  definite,  in  both  normal  and  stereo- 
scopic vision,  than  when  a  single  eye  is  employed,  because  the 
muscles  of  the  two  eyeballs  are  called  into  associated  action, 
independently  of  the  sensible  coalescence  of  slightly  dissimilar 
retinal  images  in  the  binocular  eye.  Certain  muscular  con- 
tractions are  habitually  associated  with  certain  motions  of  the 
body  viewed,  or  certain  relations  between  its  different  parts. 

*  Brewster  ou  the  Stereoscope,  p.  50. 
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If  the  binocular  examination  of  the  stereograph  necessitate 
these  contractions,  the  corresponding  judgm^int  which  follows 
is  dependent  upon  the  observer's  ability  to  interpret  nerve- 
impressions,  muscular  as  well  as  retinal,  and  not  on  the 
mathematical  relation  between  his  visual  lines.  For  the 
apparent  relation  between  objects  in  the  binocular  field  of 
view,  as  influenced  by  the  temporary  condition  of  the  muscles 
of  the  eyes,  I  have  proposed  the  name  of  physiological  per- 
spective *,  in  contrast  with  what  is  suggested  by  the  ordinary 
elements,  whose  total  effect  may  be  called  physical  perspective. 
The  iudiJ:ment  suo-crested  by  the  former  may  either  coincide  or 
conflict  with  that  suggested  by  the  latter.  The  result  is 
either  enhancement,  or  partial  reversion,  or  total  reversion, 
according  to  the  arrangement  of  conditions.  The  convexity 
of  the  spectral  wall  which  Brewster  observed,  and  which  is 
inexplicable  on  his  theory  of  visual  triangulation,  is  an  illus- 
tration of  both  physiological  and  physical  perspective  ;  and 
by  varying  the  conditions  reversion  is  easily  produced.  In 
discussing  it,  any  reference  to  corresponding  retinal  points 
must  be  understood  in  the  modified  sense  already  explained, 
and  not  mathematically. 

5.  A  New  Mode  of  Stereoscopy. 

Brewster's  experiment  may  be  performed  more  satisfactorily 
by  constructing  on  cardboard  a  pair  of  perfectly  similar 
figures,  each  consisting  of  a  series  of  concenti'ic  circles. 
Combining  the  images  of  these  by  bringing  the  card  quite 
near  and  crossing  the  visual  lines  at  an  angle  of  at  least  60°, 
the  binocular  image  appears  suspended  in  mid  air,  diminished 
in  size,  more  especially  so  in  a  direction  parallel  to  the  inter- 
ocular  line,  but  convex  toward  the  observer,  to  whom  the 
appearance  is  that  of  a  miniature  elliptic  buckler.  The  ex- 
periment is  quite  straining  upon  the  muscles  of  the  eyes.  A 
far  easier  method  is  to  cut  the  card  across  at  the  middle,  and 
incline  the  two  halves  so  that  at  the  edges  in  contact  the  two 
faces  shall  form  a  dihedral  angle  of  120°,  or  less,  opening 
toward  the  observer.  If  the  interval  between  the  two  centres 
be  equal  to  the  observer's  interocular  distance,  or  slifhtly 
exceed  this,  he  may  easily  secure  binocular  combination  with 
the  visual  lines  parallel  or  divergent;  and  the  convex  shield 
is  seen,  larger  than  in  the  previous  experiment,  and  sensibly 
a  little  jnore  distant  than  when  either  picture  is  viewed 
separately  as  in  ordinary  vision.  If  there  be  difficulty  in 
relaxing  the  muscles  of  the  eyes  sufficiently,  the  cards  may 
be   properly  held   in  front  of  the   semi-lenses  of  an  ordinary 

*  American  Journal  of  Science,  Nov.  1881,  p.  381. 
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stereoscope,  though  vision  with  the  unaided  eyes  is  preferable. 
The  visual  result  is  thus  obtained  without  strain,  and  by  optic 
parallelism  or  divergence,  either  of  which  conditions  makes 
Brewster's  theory  of  intersection  inapplicable.  By  reversing 
the  inclination  of  the  cards  to  the  parallel  visual  lines,  the 
apparent  convexity  is  changed  into  concavity.  We  have  thus 
stereoscopy  obtained  from  a  pair  of  perfectly  similar  conjugate 
pictures,  and  capable  of  reversion  at  will  without  conscious 
motion  of  the  eyes  or  removal  of  the  stereograph. 

This   is,    so    far   as    I   have    been    able   to   learn,    a   new 
phenomenon    in    binocular   vision.      Brewster's    unexplained 
observation  had  apparently  passed  into  oblivion  on  account  of 
the  exceeding  strain  upon  the  eyes  which  it  involved.     The 
curvature  of  the  phantom  wall,  in  a  plane  passing  longitu- 
dinally through   the  observer's   body,   has  lately  been   redis- 
covered by  Professor  Joseph  Le  Conte,  and  shortly  afterwards 
its  curvature  in  all  directions  bv  myself.     On  working  out 
the  explanation,  which  would  not  have  been   possible  except 
by   rejecting   Brewster's   theory   of  triangulation,  I  at   once 
devised  a  simple  attachment  for  my  adjustable   stereoscope, 
capable    of  use    however    with    any  such    instrument,  if   so 
arranged  that  the  stereograph   may  be  rested   upon   a  cross 
bar,  instead   of  sliding  within  a  box.     Let   MX    (fig.  2)  be 
■such  a  cross  bar,  in  front  of  the  eyes  Avhose  optic  centres  are 
at  0  and    0'.     A  pair  of  extra  short  bars  PQ  and   P'Q'  are 
pivoted    at    C  and    C ,  over  which    rest  the  centres  of   two 
similar  series  of  concentric  circles  whose  horizontal  diameters 
are  included  between  E  and  D,  E'  and  D',  respectively,  the 
plane  of  each  card   being  perpendicular  to   the  page.     The 
central  visual  lines  CO  and  CO'  are  parallel,  but  for  obvious 
reasons  made   very  short  in   the  diagram.     The   retinal  pro- 
jections of  ECD  and  E'C'D'  are  ecd  and  e'c'd'  respectively. 
Because  the  triangles  EOD  and    E'O'D'  are    oblique,  their 
medians   divide    the   angles  at   0   and  0'  unequally  ;    hence 
dc>ce  and  d'c' <c' e' .     The  retinal  images  in  the  two  eyes  are 
hence  dissimilar;  and  this  dissimilarity  may  be  made  so  great 
by  increasing  the  angles  NCD  and  MC'E',  that  the  binocular 
image  becomes  indistinct  if  the  eyes  are  not  made  to  play 
rapidly  over  the  picture.     If  the  attention   be   momentarily 
withdrawn    from    C  and    C  to   D  and    D',  the  visual    lines 
become  divergent  to  an  extent  measured  by  the  ditierence  of 
the  angles  dO  c  and    d'O'c'.     The  associated  contraction  of 
the  external  rectus  muscles  which  this  necessitates,  at  once 
produces  the  sensation  that  habitually  accompanies  recession 
of  the  object  binocularly  viewed.     The  same  is  true  if  the 
attention  be  restored  to  C  and  C,  and  then  given  to  E  and 
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E'.     The  binocular  imaije  of  the  horizontal  diameters  must 
hence  be  perceived  as  a  curve,  convex  toward  the  observer. 

Each  circle,  obliquely  viewed,  must  be  seen  approximately 
as  an  ellipse,  the  ratio  of  whose  axes  is  readily  calculable  if 
the  angle  of  inclination  be  known.  But  the  retinal  ellipses 
are  no  lonoer  concentric  (figs.  3  and  4),  the  extent  of  retinal 
displacement  depending  on  the  extent  of  minor  axis  in 
each.  If  the  successive  vertices  be  connected,  we  have  two 
curved  lines,  A  C  B  and  A.'0'W.  If  these  be  binocularly 
combined  and  externally  projected,  since  C'C  is  less  than  A'A 
and  B'B,  optic  divergence  becomes  necessary  in  transferring 
the  attention  from  C  and  0'  to  A  and  A'  or  B  and  B'.  The 
binocular  image  of  the  vertical  diameters  must  hence  be  per- 
ceived as  a  curve  convex  toward  the  observer. 

Let  F  and  G  (fig.  3)  be  points  symmetrically  situated 
with  regard  to  the  vertical  diameter,  and  hence  equidistant 
from  D  and  E  respectively.  When  the  card  is  revolved,  as  in 
fig.  2,  the  distance  OE  exceeds  0  D,  and  hence  the  visual  angle 
subtended  by  E  G  is  less  than  that  subtended  by  D  F.  Every 
ellipse  therefore  is  distorted ;  but  since  the  distortion  is  equal 
and  opposite  on  the  two  retinas,  it  is  perfectly  corrected  in 
the  binocular  combination  of  each  pair  of  curves.  To  each 
eye  separately  the  effect  is  the  same  as  if  every  major  axis 
were  bent,  and  every  point  of  each  curve,  above  and  below 
the  horizontal  axis,  were  correspondingly  displaced  :  F  and 
G'  are  elevated,  F'  and  G  depressed;  hence  F  and  F^  differ 
in  retinal  latitude  as  well  as  longitude,  but  are  nevertheless 
binocularly  combined.  This  confirms  the  views  of  Wheatstone 
in  opposition  to  those  of  Brewster. 

If  a  pair  of  small  circles  whose  vertical  diameters  are  a  b 
and  a'b'  be  viewed  above  the  large  circles,  the  visual  lines 
directed  to  their  centres  are  similarly  oblique  to  their  vertical 
diameters.  They  are  therefore  retinully  projected  as  approxi- 
mate ellipses ;  and  when  these  are  thence  externally  projected, 
their  upper  vertices  are  further  apart,  and  their  lower  vertices 
nearer  together,  than  their  centres.  The  binocular  combi- 
nation is  hence  an  ellipse  whose  plane  is  oblique,  the  upper 
vertex  being  further  from,  and  the  lower  vertex  nearer  to,  the 
observer.  A  pair  of  small  circles  below  the  large  ones  are 
binocularly  combined  with  opposite  obliquity. 

No  explanation  is  now  needed  to  show  that  if  the  planes  of 
the  cards  be  revolved  into  the  positions  I"'  Q"  and  P'''  Q''" 
(fig.  2),  the  binocular  combination  of  the  concentric  circles 
must  pi'esent  a  concave  surface,  and  the  obliquity  of  the  plane 
of  each  pair  of  conjugate  small  circles,  when  binocularly 
viewed,  must  be  reversed  in  sense. 
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Brewster's  remark  about  the  phantom  wall,  that "  it  generally 
advances  slowly  to  its  new  position,"  is  now  easily  under- 
stood. At  that  time  the  nature  of  focal  adjustment  by  action 
of  the  ciliary  muscle  in  each  eye  was  not  known.  When  E 
and  E'  (fig.  2)  are  binocularly  viewed,  since  E  0  exceeds 
E'O'',  there  must  be  dissociation  between  the  two  focal  adjust- 
ments which  are  generally  adapted  to  the  same  distance.  To 
this  must  be  added  the  necessary  dissociation  between  axial 
and  focal  adjustments,  the  former  being  for  an  infinite  distance, 
the  latter  for  the  distance  0  C,  when  C  and  Q'  are  binocularly 
viewed.  To  untrained  eyes  this  unusual  muscular  action  is 
not  always  easy,  and  cannot  be  secured  without  effort  that 
may  consume  several  seconds  of  time.  The  result  is  momen- 
tary confusion  ;  and  many  persons  are  hence  unable  to  decide 
at  first  whether  the  surface  appears  convex  or  concave.  De- 
spite these  difficulties,  the  image  soon  becomes  clearly  defined 
when  the  experiment  is  performed  with  axial  parallelism. 
With  strong  axial  convergence,  as  in  Brewster's  experiment, 
the  dissociation  is  far  more  difficult,  on  account  of  the  extreme 
muscular  tension  made  necessary. 

6.   The  Theory  of  Associated  Muscular  Action. 

The  theory  of  visual  triangulation  seems  to  have  been  first 
put  forth  in  1  (304  by  Kepler*,  who  said  that  the  distance  be- 
tween the  two  eyes  is  the  base  which  we  employ  in  measuring 
the  distance  of  objects,  that  in  so  doing  we  le;irn  to  estimate 
distances  with  a  single  eye,  and  hence  that  the  mao-nitude  of 
a  heavenly  body  as  perceived  in  the  eye  would  serve  as  a  base 
for  distances  relatively  slight.  Brewsterj,  in  opposition  to 
Berkeley^,  elaborated  the  idea  still  further,  making  it  the 
foundation  of  his  theory  of  the  stereoscope,  which  has  kept  its 
place  in  our  textbooks  of  Physics  to  the  present  day.  The 
retention  of  this  theory,  in  the  face  of  facts  to  the  contrary,  is 
explicable  only  in  consideration  of  the  circumstances  attendant 
upon  normal  binocular  vision,  and  the  great  authority  attached 
to  Brewster's  views  on  account  of  his  discoveries  as  a  physi- 
cist. Probably  neither  he  nor  his  followers  undertook  to 
ascertain  whether  the  limit  of  optic  parallelism  was  ever  passed 
iu  the  actual  use  of  the  stereoscope.  In  1861,  two  Germans, 
Rollet  and  Becker§,  published  a  mode  of  securing  binocular 
fusion  of  similar  images  with  the  visual  lines  slightly  diver- 

*  raraUpomena,  1604,  pp.  62-G6. 
t  Brewster  on  the  Stereoscope,  p.  50. 

X  '  An  Essay  towards  a  New  Theory  of  Vision  ' :  Dublin,  1709. 
§    Wiener  Sitzungsherichte,  May  10,  1861,  xliii. ;  or  Helniholtz,  Optique 
Physiuloyique,  p.  827. 
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gent,  the  possibility  of  this  having  been  ah-eady  mentioned  by 
Barckhardt  *,  but  with  no  reference  to  the  possibility  of  ste- 
reoscopy  from  these  similar  pictures.     In  18G2,  Brewster's 
theory  was  criticised  by  Professor  0.   F.  Himes,  of  Pennsyl- 
vania, who  described  his  experiments  in  stereoscopy  from  dis- 
similar pictures  with  optic  divergence,  and  called  attention  to 
the  necessity  of  modifying  the  current  theory  f.     Helmholtz 
related  experiments  in  optic  divergence:!:,  but,  unfortunately, 
did  not  enter  fully  into  an  analysis  of  the  visual  results.     My 
own  attention  was  drawn  to  this  subject  by  the  discovery  of 
my  power  to  secure  stereoscopy  with  the  unaided  eyes  by 
voluntary  optic  divergence.    In  a  paper  read  before  the  New- 
York   Academy  of   Sciences   on    the    Gth   of  June    1881,   I 
rejected  Brewster's  theory ;  and  the  phenomena  which  he  had 
explained  by  visual  triangulation  I  referred  to  the  associated 
action  of  the  muscles  of  the  eyes,  applying  this  to  both  con- 
vergence and  divergence.     It  has  been  very  gratifying,  there- 
fore, to  find  my  views  confirmed  by  Brigade-Surgeon  Tyler 
Oughton,  A.M.D.,  in  two  able  articles  published  in  the  London 
'  Lancet,'   of  October   22   and   December  31,    1881.     These 
articles  were  quite  independent  of  my  own,  each  Avriter  having 
been  unknown  to  the   other.      In   1877   Mr.   Ouohton  had 
referred  certain  phenomena  of  "erect  vision  "  to  the  sensation 
of  muscular  contraction.     My  experiments  in  stereoscopy  with 
perfectly  similar  pictures,  by  optic  convergence,  parallelism, 
or  divergence,  with  direct  or  inverse  relief  at  will — experi- 
ments capable  of  ready  accomplishment  by  any  one  with  un- 
trained e^-es — still  further  show  tbat  there  is  no  longer  any 
room  for  the  application  of  geometry  to  the  physiology   of 
vision,  beautiful  and  tempting  as  may  be  ihe  theory  of  visual 
triangulation. 

It  is  but  due  to  add  that  the  theory  of  associated  muscular 
action  in  relation  to  the  stereoscope  was  virtually  stated  by 
Professor  Huxley§  in  1868,  and  in  such  a  way  as  quite  plainly 
to  indicate  its  applicnbility  to  the  phenomena  of  optic  diver- 
gence. That  he  did  not  elaborate  it  in  refutation  of  Brewster's 
theory  was  probably  due  to  the  fact  that  the  fallacy  and  wide 
spread  of  this  theory  had  not  been  brought  specially  to  his 
attention. 

*   Verha7idhmq.  d.  naturforsch.  Ges.  zu  Basel,  i.  p,  145;  or  Helmholtz 
Ofit.  Phys.  p.  827.  ' 

t  Anierieau  Journal  of  Photography,  September  1,  1862  j  also  British 
Journal  of  Photography,  1864. 

X  Optique  Pht/.nulo(/iqife,  pp.616  &  828;  also  'Popular  Lectures  on 
Scientific  Subjects,'  p.  807  (transl.  1873). 

§  *  Elementary  Physiology,'  p.  286  (Macmillan  and  Co.). 
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7.  Voluntary  Control  of  the  Focal  Adjustment. 
Experiments  in  stereoscopy  sufficiently  show  the  office  of 

the  rectus  muscles  in  modifyinor  the  interpretation  put  upon 
retinal  sensations.  If  the  visual  lines  be  kept  as  nearly 
parallel  as  possible,  and  the  observer's  distance  from  an  object 
regarded  be  kept  constant,  the  retinal  sensation  may  still  be 
modified  by  direct  voluntary  contraction  of  the  ciliary  muscle. 
It  is  accompanied  by  contraction  of  the  pupillary  opening  ; 
and  this  can  be  approximately  measured  by  an  assistant.  The 
experiment  is  straining,  but  can  be  performed  with  very  little 
associated  contraction  of  the  rectus  muscles.  Within  two 
seconds  of  time  the  pupillary  opening  of  my  eye  has  thus  been 
often  changed  to  one  tenth  of  its  previous  area,  the  contrac- 
tion of  the  iris  quickly  following  that  of  the  ciliary  muscle. 
The  visual  effect  is  first  a  slio-ht  enlaro-ement  of  the  retinal 
image  as  it  grows  dim  ;  this  is  due  to  the  production  of  diffu- 
sion-circles, which  encroach  upon  the  surrounding  retinal  area 
as  well  as  upon  the  image.  The  object  then  apparently  dimi- 
nishes in  size  to  a  marked  extent.  As  its  absolute  distance 
and  diameter,  however,  are  constant,  the  retinal  image  cannot 
be  diminished  except  by  encroachment  of  diffusion-circles. 
The  apparent  diminution  is  far  greater  than  can  be  explained 
on  this  ground,  and  can  only  be  referred  to  an  error  in  judg- 
ment induced  by  abnormal  muscular  conditions  that  have  been 
voluntarily  imposed.  The  experiment  has  been  many  times 
repeated  ;  and  the  uniformity  of  results  leaves  no  room  to  attri- 
bute the  illusion  to  accidental  circumstances.  The  apparent 
distance  of  the  object  to  which  the  gaze  is  directed  becomes 
indeterminate.  Ciliarv  contraction  suo-gests  the  idea  of  its 
nearness  ;  but  the  dinniess  resulting  from  imperfect  focaliza- 
tion  suggests  its  remoteness.  The  impression  of  its  contrac- 
tion in  area  is  unmistakable  and  striking.  Since  the  con- 
tractions of  the  ciliary  and  internal  rectus  muscles  are  usually 
associated  in  normal  vision,  the  considerations  just  expressed 
ex{)lain  why  so  acute  an  observer  as  Wheatstone*  should  have 
noticed  the  apparent  decrease  in  size  of  the  image  when  strong 
convergence  of  visual  lines  was  produced  by  pulling  forward 
the  arms  of  his  reflecting  stereoscope,  but  failed  to  note  the 
corresponding  variation  in  apparent  distance ;  though  he  ob- 
serves that  it  seems  changed  in  position,  but  does  not  say 
whether  the  change  is  that  of  increase  or  decrease  of  distance. 

8.  Effect  of  varying  the  Locality  of  the  Image. 
When  strong  muscular  tension  is  voluntarily  induced,  the 

modification  of  retinal  sensation  seems  to  be  greatest  at  the 
•  Philosophical  Magazine,  1852,  pp.  607  &  508. 
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yellow  spot,  and  to  diminish  toward  the  margins.  Let  a  pair 
of  circles,  A  and  A'  (fig.  5),  be  drawn,  a  ^e\\  inches  apart,  and 
below  A  a  third  circle,  A" ,  equal  to  each  of  the  others.  Bring- 
ing the  face  as  near  to  the  page  as  is  consistent  with  distinct 
vision,  let  the  right  eye  be  directed  to  A'  and  the  left  to  A. 
A  diminished  elliptic  binocular  image  is  seen  directly  in  front, 
apparently  in  mid  air  ;  on  each  side  of  which  is  a  monocular 
image,  sensibly  circular,  or  but  slightly  elliptic,  distinctly 
larger  than  the  binocular  image,  but  smaller  than  either  circle 
seen  by  normal  vision.  Even  though  distinct  vision  is  attained 
under  these  conditions,  the  ciliary  muscles  are  strongly  con- 
tracted, consensually  with  the  internal  rectus  muscles.  On 
closing  the  right  eye,  relaxation  follows,  while  the  direction  of 
the  visual  line  for  the  eye  remaining  open  is  easily  kept  un- 
changed. The  right  monocular  image  disappears;  the  elliptic 
image  apparently  recedes  and  moves  to  the  right,  growing 
larger  in  doing  so;  but  an  interval  of  one  or  two  seconds  may 
elapse  before  normal  monocular  vision  is  restored,  and  now 
both  circles  have  recovered  their  original  size.  The  experi- 
ment is  very  easy. 

This  process  can  be  reversed,  and  made  as  gradual  as  is 
desired,  by  slowly  increasing  the  convergence  of  visual  lines 
and  carrying  it  beyond  the  point  necessary  for  binocular  com- 
bination. As  soon  as  double  vision  is  produced,  the  two  inte- 
rior images  are  perceived  to  be  smaller  than  the  exterior  ones. 
They  continue  to  grow  steadily  smaller  and  apparently  nearer 
to  the  observer,  until  they  coalesce  in  front ;  but  the  diminu- 
tion continues  after  they  have  been  made  to  pass  each  other. 
On  the  usually  accepted  theory,  the  apparent  contraction  is 
referred  to  the  illusive  estimate  of  diminished  distance  deter- 
mined by  the  crossing  of  the  visual  lines  at  the  moment  the 
binocular  combination  is  secured.  But  the  falsity  of  this  is 
additionally  shown  by  regarding  the  circle  A''  while  A  and  A' 
are  binocularly  combined.  Although  necessarily  seen  only 
monocularly  with  each  eye,  the  left-eye  image  appears  directly 
under  the  binocular  imao^e  and  of  the  same  size,  bein2  much 
smaller  than  the  right-eye  image,  which  appears  under  the 
corresponding  one  of  A. 

9.  Phi/siologi/  of  Retinal  Sensation. 

These  experiments,  taken  in  connexion  with  those  on  ste- 
reoscopy,  conclusively  show  that  not  only  is  convergence  of 
visual  lines  not  necessary  for  binocular  vision  and  for  the  loca- 
lization of  objects  in  the  field  of  view,  but  that  even  change  in 
such  localization  and  in  apparent  magnitude  can  be  secured 
without  binocular  fusion,  as  a  consequence  of  muscular  tension 
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alone.  They  indicate  a  closer  relation  between  tbe  nerves  of 
the  ciliary  muscle  and  those  of  the  retina  than  has  been  com- 
monly supposed.  Through  the  sympathetic  system  of  nerves 
the  mere  action  of  lio-ht  on  the  retina  excites  reflex  muscular 
contraction  of  the  iris.  Without  the  agency  of  light,  this 
may  be  effected  by  ciliary  contraction  alone.  It  is  by  no 
means  impossible  that  through  this  same  sympathetic  system 
the  impression  conveyed  to  the  brain  may  be  modified  by  such 
muscular  contraction,  while  the  retinal  area  impressed  remains 
unchanged.  The  interpretation  is  unconscious  and  indepen- 
dent of  the  will ;  it  is  dependent  upon  the  excitement  of 
several  different  nerves.  The  thing  interpreted  is  the  product 
of  forces  from  without  that  operate  in  accordance  with  well- 
known  mathematical  laws.  The  velocity  of  propagation  of  a 
nerve-impression  has  been  approximately  determined  byHelm- 
holtz;  but  beyond  this  there  has  been  little  success  in  bring- 
ing the  physiology  of  sensation  within  the  domain  of  mathe- 
matics. 

That  the  interpretation  of  retinal  impressions  should  be  more 
readily  modified  by  association  with  muscular  action  when 
they  are  produced  upon  central  rather  than  marginal  portions 
of  the  retina,  is  entirely  in  accordance  with  the  empiristic 
theory,  which  Helmholtz,  Brlicke,  and  other  Grerman  physio- 
logists have  upheld.  In  all  ordinary  vision  the  attention  is 
habitually  given  almost  exclusively  to  objects  corresponding 
to  retinal  images  on  or  near  the  yellow  spot.  If  any  condi- 
tions are  imposed  that  tend  to  induce  misinterpretation  of  our 
sensations,  it  might  be  expected  that  the  most  sensitive  parts 
of  the  retina  would  be  most  affected.  It  is  impossible  to 
prove  that  there  is  any  peculiar  necessary  relation  between 
the  nature  of  a  retinal  sensation  and  the  distance  of  the  object 
pictured,  or  any  innate  power  to  recognize  distance.  Visual 
experience  begins  in  infancy,  long  before  the  power  to  ana- 
lyze sensations  ;  and,  in  our  interpretation  of  these,  associa- 
tion is  the  chief  determinant.  Strong  ciliary  contraction  is 
habitually,  though  unconsciously,  associated  with  nearness  of 
the  object  viewed;  and  this  is  pictured  upon  or  very  near  the 
yellow  spot  of  the  retina.  No  one  whose  eyes  are  perfectly 
healthy  has  any  consciousness  of  possessing  a  retina  except  in 
relation  to  external  objects  of  sight,  or  a  ciliary  muscle  except 
in  relation  to  variation  in  distance  of  the  point  upon  which 
attention  is  fixed  thi-ough  the  medium  of  a  simultaneous 
retinal  sensation.  We  might  expect,  therefore,  that  unusual 
muscular  conditions  would  cause  misinterpretation  regarding 
the  whole  field  of  view,  but  especially  those  parts  which  cor- 
respond to  the  central  portion  of  the  retina.     This  reasoning 
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applies  to   variations    resulting    from   tension  in  the  rectus 
muscles,  external  and  internal,  as  well  as  from  ciliary  change. 

10.  Binaural  Audition  and  Binocular  Vision. 

The  discoveries  in  relation  to  binaural  audition,  made  during 
the  last  few  years  independently  by  Professor   Silvanus   P. 
Thompson*,  of  England,  and  Professor  Alfred  M.  Mayerf,  of 
this  country,   are   interesting,  not  only  as   additions   to  our 
knowledge  of  pliysiological  acoustics,  but  also  in  connexion 
with  the  phenomena  of  physiological  perspective.     The  locali- 
zation of  sounds  has  been  found  to  be  much  affected  by  the 
mode  in  which  the  waves  are  conveyed  to  the  separate  ears. 
The  same  tone  may  be  perceived  as  coming  from  the  back  of 
the  head,  or  from  the  two  sides,  or  from  a  point  obliquely  in 
front,  while  the  position  of  the  true  source  is  unchanged — the 
perception  being  involuntary,  while  the  conditions  are  adjusted 
at  will.     The  iudciment  of  distance  bv  the  ear  is  far  more  un- 
certain  than  by  the  eye,  there  being  no  criterion  other  than 
intensity  of  the  sound  perceived  ;  but  the  perception  of  direc- 
tion may  be  modified  by  imposing  unusual  physiological  con- 
ditions, such  as  fatiguinsf  one  ear  with  a  griven  tone  and  then 
listening  to  the  same  with  both  ears.     For  a  fixed  position  of 
the  eye,  the  perception  of  direction  may  be  modified  by  chan- 
ging the  medium  or  pressing  upon  the  eyeball ;  while  that  of 
distance  is  subject  to  variable  physiological  conditions,  largely 
controllable  bv  the  will.     Althoutrh  the  binaural  estimate  of 
direction  and  distance  may  be  made  less  uncertain  by  properly 
adjusting  the  position  of  the  head  to  the  wave-fronts  of  the 
successive  vibrations,  no  one  has  attempted  to  apply  geometry 
to    the    localization    of    sounds    through    binaural    audition. 
Brewster's  attempt  to  do  this  for  binocular  vision  was  based 
upon  two  assumptions,  each  of  which  has  been  proven  incor- 
rect.    The  first  was,  that  "  the  line  of  visible  direction  does 
not  depend  on  the  direction  of  the   ray,  but  is  also  perpen- 
dicular to  the  retina  "J.     The  latter  clause  has  been  disproved 
by  Helmholtz§.     The  second  was,  that  convergence  of  visual 
lines  is  necessary  in  binocular  vision,  whether  normal  or  ste- 
reoscopic ||.     The  falsity  of  this  has  been  abundantly  shown  by 
recent  experiments,  in  addition  to  those  of  Burckhardt,  Himes, 
and  others.     A  third  fundamental  statement  by  him  was,  that 
"distinct  vision  is  obtained  only  on  one  point  of  the  retina "T[. 
While  this  opinion  is  still  supported  by  many,  it  is  incapable 

*  Philosoiihical  Magazine,  Oct.  1877,  Nov.  1878,  and  Nov.  1881. 
t  '  Researches  in  Acoustics.' 

J  Brewster  on  Optics,  p.  246.  §   Optique  Physiologtque,  p.  93. 

II  Brewster  on  the  Stereoscope,  pp.  90-106,  %  Ibid.  p.  50. 
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of  strict  matbematical  interpretation.  His  theory  of  visual 
triangulation  is  inaccurate  at  best,  and  almost  totally  inappli- 
cable in  the  very  department  to  -svbicb  it  has  been  most  applied 
— that  of  stereoscopic  perspective. 

40,  W.  40tli  St..  New  York, 
February  24,  1882. 

XXXYII.  All  Adjustable  and  Reversible  Stereoscope. 

By  W.  Le  Conte  Stevens*. 

[Plate  VIII.  figs.  6  &  7.] 

THE  experiments  which  formed  the  basis  of  my  recent 
papers  on  Physiological  Opticsj  were,  for  the  most  part, 
made  without  the  aid  of  any  stereoscope,  except  the  modifica- 
tion of  Wheatstone's  reflector,  with  which  various  values  of  the 
optic  angle  were  measured.  As  few  persons,  however,  have 
sufficient  muscular  control  over  the  eyes  to  test  my  results,  I 
devised  an  instrument  which  renders  possible  for  untrained 
eyes  quite  a  number  of  ex])eriments  which  with  the  ordinary 
lenticular  stereoscope  would  be  either  difficult  or  impossible. 
The  principal  objects  to  be  attained  were  as  follows: — 

I.  To  secure  ready  motion  to  the  semi-lenses,  so  that  they 
may  bo  adapted  in  position  for  any  pair  of  eyes,  whatever 
mav  be  the  distance  between  the  puj/ils,  and  for  any  stereo- 
graph, whatever  the  interval,  within  the  usual  limits,  between 
corresponding  points  on  the  two  pictures. 

II.  To  secure  the  possibility  of  removing  the  semi-lenses  at 
will,  so  that  they  may  be  reversed  in  relative  position,  or 
be  replaced  by  prisms  with  their  bases  turned  toward  each 
other,  so  that,  without  uncomfortable  muscular  strain,  the  left 
picture  may  be  viewed  by  the  right  eye  and  the  right  picture 
bv  the  left  eye  simultaneously,  thus  producing  reversion  of 
relief  in  the  binocular  image,  if  desired. 

III.  To  secure  ready  motion  to  the  screen,  so  that  to  each 
eye  either  the  whole  stereograph,  or  its  right  half  or  its  left 
half  separately,  may  be  visible. 

lY.  To  secure  the  means  of  examining  the  binocular  image 
either  alone  or  attended  by  monocular  images,  so  that  the  dif- 
ference betAveen  the  two  kinds  of  vision  may  be  noted. 

V.  To  secure  the  means  of  using  the  same  instrument  either 
with  glasses  or  for  binocular  combination  of  images  by  direct 

*  Comiaunicated  by  the  Author. 

t  Proceedings  of  the  A  merican  Association  for  the  Advancement  of 
Science,  Cincinnati  Meeting,  August  1881 :  Transactions  of  the  New  York 
Academy  of  Sciences,  Oct.  24,  lf<81,  and  Feb.  12, 18^2  ;  American  Journal 
of  Science,  November  and  December  1881;  Philosophical  Magazine, 
December  1881. 
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vision,  and  to  reduce  to  the  utmost  the  difficulty  usually  atten- 
dant upon  stereoscopic  vision  by  the  latter  method. 

VI.  To  secure  the  means  of  producing  stereoscopy  from 
perfectly  similar  pictures,  by  making  the  retinal  images  of 
these  dissimilar  by  oblique  vision. 

It  gives  me  pleasure  to  acknoAvledge  my  indebtedness  to 
Messrs.  E.  and  H.  T.  Anthony  and  Co.,  of  this  city,  for  every 
facility  that  could  be  asked  in  testing  such  devices  as  pre- 
sented themselves  to  my  mind ;  and  the  form  finally  adopted 
gives  entire  satisfaction,  the  instrument  being  compact,  inex- 
pensive, and  easily  managed. 

The  semi-lenses,  /,  I  (fig.  G),  instead  of  being  cemented  to 
wood  or  brass,  are  gently  pressed  into  a  pair  of  boxes,  in  the 
opposite  walls  of  which  square  openings  have  been   cut  to 
transmit  the  light  from  the  stereograph,  which  is  held  on  the 
cross  bar,  a,  by  pressure  between  a  pair  of  brass  springs,  and 
may  be  adjusted  to  any  desired  position  by  sliding  this  along 
the  longitudinal  bar.     A  pair  of  adjusting-screws,  s,  s,  come 
into  contact  with  the  bases  of  the  semi-lenses,  and  are  opposed 
by  a  pair  of  springs,  against  which  the  thin  edges  press.     If 
the  semi-lenses  are  thus  pushed  together  as  near  as  possible, 
the   rays   which  enter  the  observer^'s   eyes  pass  through  the 
thicker  parts,  and  hence  are  but  little  deviated.    If  they  be  as 
far  apart  as  possible,  the  increase  of  deviation  makes  it  con- 
venient to  employ  a  stereograph  on  which  the  interval  between 
corresponding  points  is  greater  than  on  those  generally  pre- 
pared.     This   interval  is   ordinarily  limited    to    about   three 
inches.    The  focal  length  of  the  semi-lenses  being  seven  inches, 
it  has  been  found  that  a  stereographic  interval  of  four  inches 
can  be  allowed  without  any  very  objectionable  coloi'ation  due 
to  lack  of  achromatism,  the  visual  lines  of  the  observer  being 
now  parallel  or  slightly  divergent.     This  divergence  may  be 
increased  to  any  extent  that  he  is  willing  to  endure,  by  turn- 
ing the  adjusting-screws,  so  as  to  press  the  semi-lenses  closer 
together.     Binocular  fusion  of  images  is  thus  retained  ;   but 
the  associated  contraction  of  the  external  rectus  muscles  pro- 
duces the  illusion  of  slight  recession  of  the  object  viewed  and 
increased  depth  of  relief.     Similar  effects  may  be  obtained  by 
using  conjugate  pictures  separated  by  the  ordinary  stereogra- 
phic interval;  but  they  are  much  less  noticeable,  because  there 
is  less  disturbance  of  the  ordinary  condition  of  the  muscles. 

In  front  of  the  partition  between  the  lens-boxes  is  hinged  a 
pair  of  narrow  brass  screens,  c,  c,  which,  in  the  experiments 
just  described,  are  pressed  flat  as  in  fig.  6.  The  left  picture 
is  thus  hidden  from  the  right  eye  and  the  right  picture  from 
the  left  eye.     By  folding  them  together,  as  in  fig.  7,  neither 
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picture  is  hidden  by  them  from  either  eye.  There  is  a  second 
sliding  cross  bar,  to  which  is  attached  by  hinges  a  hght 
wooden  screen,  bb,  which  in  the  same  experiments  is  pressed 
down,  as  in  fig.  6.  By  Hfting  this,  as  in  fig.  7,  the  opening  at 
the  middle  leaves  the  left  picture  visible  to  the  right  eye  while 
the  right  picture  is  hidden  from  it;  and  vice  versa  for  the  left 
eve.  The  semi-lenses  may  now  be  token  out ;  and  for  them 
are  substituted  a  pair  of  prisms,  p,p  (fig.  7),  whose  refracting- 
angle  is  12°  or  15°.  The  bases  of  these  are  pressed  against 
the  springs.  The  cross  bar  on  which  the  stereograph  rests  (a) 
is  pushed  back  to  the  end  of  the  longitudinal  bar  ;  and  on  look- 
ing through  the  prisms  the  binocular  image  is  seen  in  pseudo- 
scopic  relief.  This  effect  is  very  striking  if  the  stereograph 
selected  be  one  in  which  ordinary  perspective  is  not  strong  ; 
that  of  the  full  moon  has  been  found  best.  The  cross  bar  may 
now  be  pulled  as  near  as  convenient,  the  visual  lines  becoming 
more  convergent,  but  not  uncomfortably  so.  Folding  down 
the  wooden  screen  (bb),  a  pair  of  monocular  images  of  the 
moon  are  seen,  one  on  each  side  of  the  concave  binocular 
image,  but  themselves  presenting  no  relief.  They  appear 
very  perceptibly  larger  than  the  binocular  image,  but  slightly 
smaller  than  either  picture  Avhen  viewed  with  normal  vision 
over  the  stereoscope.  Since  the  prisms  have  no  magnifying- 
or  diminishing-power,  this  illusion  cannot  be  referred  to  the 
effect  of  refraction,  but  is  explicable  only  on  physiological 
grounds. 

By  removing  both  prisms  and  semi-lenses  the  instrument 
becomes  a  direct-vision  stereoscope,  for  use  with  the  unaided 
eyes.  To  secure  natural  perspective,  arrange  the  screens  as  in 
fig.  6,  but  push  the  cross  bar  as  far  off  as  possible.  By  now 
gazing,  as  if  through  the  stereograph  at  a  very  distant  point, 
with  the  muscles  of  the  eyes  perfectly  relaxed,  double  vision 
results,  and  the  two  interior  images  are  seen  to  overlap  and 
then  coalesce.  For  most  persons  this  experiment  is  difficult 
if  the  stereographic  interval  much  exceeds  the  observer's  in- 
terocular  distance,  and  it  is  not  at  first  easy  to  secure  enough 
muscular  relaxation.  Some  have  found  it  belter  to  draw  the 
cross  bar  up  as  near  as  possible,  and  then  push  it  off  after 
coalescence  of  images  has  been  attained,  the  binocular  image 
being  at  first  very  dim. 

To  secure  the  pseudoscopic  effect  by  direct  vision,  arrange 
the  screens  as  in  fig.  7,  but  push  each  of  the  cross  bars  out  as 
far  as  possible.  Fix  the  gaze  upon  the  projection  (a)  at  the 
top  of  the  opening  in  the  wooden  screen,  and  keep  it  thus 
fixed  while  the  latter  is  pulled  nearer.  When  this  almost 
reaches  the  position  b  b,  in  fig.  7,  the  interior  images  beyond 
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will  be  seen  to  coalesce;  and  the  attention  can  then  be  trans- 
ferred to  their  resultant  combination.  This  is  a  hemispherical 
lustrous  cup,  if  the  stereograph  be  that  of  the  moon,  which  is 
smaller  and  nearer  than  that  obtained  by  use  of  the  prisms.  By- 
pulling  the  cross  bar  nearer,  the  cup  becomes  smaller,  relatively 
shallower,  and,  for  obvious  mathematical  reasons,  elliptic  with 
the  minor  axis  horizontal.  The  wooden  screen  can  now  be 
folded  down,  as  before,  and  attention  be  given  to  the  variable 
size  of  the  image  as  determined  by  the  conditions  under  which 
it  is  seen. 

The  senn'-lenses  may  be  restored,  and  the  screens  arranged 
as  in  fig.  6.  The  cross  bar,  a,  is  remoA-ed;  and  in  its  place  is 
put  one  upon  which  are  pivoted  a  pair  of  revolving  bars, 
whose  springs  hold  in  position  a  pair  of  cards  on  which  are 
perfectly  similar  outline  figures,  such  as  series  of  concentric 
circles.  The  production  of  stereoscopic  effects,  either  ortho- 
scopic  or  pseudoscopic,  at  will,  by  oblique  projection  upon  the 
curved  surfaces  of  the  retinas,  has  been  already  fully  discussed* 
and  now  needs  no  explanation. 

40  W.  40th  St.,  New  York, 
February  27,  1882. 


XXXVIII.    On  Psendo-Carhons. 
By  C.  F.  Cross,  B.Sc,  and  E.  J.  BEVAxf. 

ri"^HEEE  is  a  general  knowledge  amongst  chemists  that  the 
JL  term  ''  carbon  "  has  been  loosely  applied  to  a  number  of 
substances  whose  composition  and  properties,  on  the  experi- 
mental side,  and  the  consideration  of  the  condition  of  whose 
formation,  on  the  theoretical  side,  completely  prove  their  non- 
elementary  nature.  Notwithstanding  this,  a  glance  at  the 
most  modern  text-books  will  show  that  coal  is  still  spoken  of 
as  "  a  form  of  carbon  ;"  charcoal  also  ;  and  the  action  of  sul- 
phuric acid  on  sugar  is  still  taught  to  consist  in  the  resolution 
of  the  carbohydrate  into  carbon  and  water|,  the  dehydrating 
energy  of  sulphuric  acid  being  the  efficient  cause.  It  is  ne- 
cessary therefore  that  these  defects  in  our  terminology  and 
classification  should  be  stated,  in  order  that  they  may  be 
removed.  In  reviewing  this  subject  we  would  first  account 
for  the  existence  of  the  errors  in  question.  Certainly  the  cause 
would  seem  to  lie  in  the  inertia  of  the  chemical  mind — a  desire 
to  Anott'  without  ascertaining,  a  tendency  to  accept  a  simple 

*  See  the. preceding  article. 

t  Communicated  by  the  Authors. 

X  This  explanation  may  be  dismissed  without  discussion. 

Phil.  Hag.  S.  5.  Vol.  13.  No.  82.  3fay  1882.  2  0 


326         Messrs.  Cross  and  Bevan  on  Pseiido- Carbons. 

hypothesis  framed  upon  similitudes,  and  to  forsake  the  rigid 
requirements  of  the  experimental  method  where  it  offers  a 
vista  of  complexity  and  the  higher  mathematics.  But  perhaps 
we  ought  rather  to  regard  the  errors  in  question  in  the  light 
merely  of  a  confession  of  postponement  of  a  problem  which 
the  science  has  not  yet  been  in  a  position  to  attack,  or  in  favour 
of  the  larger  number  of  those  more  immediately  pressing. 
Still  we  cannot  avoid  the  conclusion  that  this  has  been  rather 
thought  than  expressed,  at  least  in  writing ;  and  whatever  be 
the  cause,  the  persistent  use  of  the  terms  of  which  we  are 
speaking  amounts  to  a  really  grave  error.  At  the  outset,  there- 
fore, we  would  propose  the  term  pseudo-carhons  for  the  black 
substances,  containing  a  more  or  less  high  percentage  of  car- 
bon, which  are  formed  in  various  modes  of  resolution  of  the 
carbon  compounds, — includiug  thereby  the  coals  and  grapldtes 
of  "natural  "  origin,  the  charcoals  &c.  of  pyrogenic  origin,  and 
those  substances  which  ai-e  formed  by  "  carbonizing  "  organic 
substances  by  chemical  treatment. 

The  main  aspect  of  these  various  modes  of  resolution  is  un- 
doubtedly the  accumulation  of  carbon;  and  the  conclusion  is 
unavoidable  that  they  are  conditioned  by  the  tendency  of  the 
carbon  atoms  to  unite  with  one  another,  i.  e.  to  form  con- 
densed molecules.  This  property  of  the  element  is  the  very 
basis  of  its  special  chemistry,  and  of  the  widest  significance  in 
the  living  woi'ld;  and  in  this  its  last  expression  (i.  e.  tending  to 
pass  from  the  combined  to  the  elementary  condition)  we  see 
the  crowning  chapter  of  its  remarkable  history.  In  our  inter- 
pretation, however,  of  this  chapter  we  should  guard  against  a 
spurious  ideal,  and  ask  ourselves.  Are  there  any  facts  which 
warrant  the  conclusion  that  the  elementary  condition  could  be 
attained  by  any  process  of  cumulative  resolution  of  carbon 
compounds?  and,  further.  Does  not  the  mathematical  analogy 
of  series  proceeding  by  a  definite  law  of  development  (and 
that  these  bodies  have  been  or  can  be  developed  through  infi- 
nite series  is  an  unavoidable  inference)  indicate  its  impossi- 
bility, except  under  the  operation  of  a  new  cause  ? 

Berthelot*,  we  believe,  was  the  first  to  apply  this  mode  of 
reasoning  to  the  case  in  question,  and  to  regard  the  hydrogen 
and  oxygen  present  in  these  pseudo-carbons  as  essential  con- 
stituents, and  the  pseudo-carbons  themselves,  therefore,  as  a 
complex  of  compounds  (C,  H,  0)  of  very  high  molecular  weight. 
Mills  has  given  us  a  more  general  view  of  such  molecular 
condensations  in  his  theory  of  Cumulative  Resolution  j  ;  but 
the  attendant  phenomena  are  in  this  group  of  resolutions  too 
complex,  and  as  yet  insufticiently  investigated,  to  allow  of 

*  Ann.  Chem.  Phys.  [o]  xvii.  p.  139.       t  l^liil.  ^ag.  Suppl.  June  1877. 


Messrs.  Cross  and  Be  van  on  Pseudo- Carbons.         327 

exact  representation.  The  ultimate  solution  of  these  problems 
cannot,  therefore,  be  more  than  indicated;  and  it  is  thrown  upon 
the  experimentalist  to  supply  the  requisite  data.  It  is  an 
interesting  fact  that  as  early  as  1805  Hatchett*  published  the 
results  of  an  investigation  of  the  action  of  nitric  acid  upon 
these  pseudo-carbons,  in  which  he  established,  as  a  general 
property,  that  they  are  by  this  action  converted  into  soluble 
bodies  having  the  astringent  and  other  characteristics  of  the 
tannms.  His  results  are,  it  is  true,  of  a  somewhat  empirical 
and  qualitative  order ;  they  are  nevertheless  worthy  of  much 
more  attention  than  they  have  received;  and  their  recognition 
would  have  kept  prominent  the  compound  character  of  the 
pseudo-carbons.  It  is  noteworthy  that  Berzeliusf  was  suffi- 
ciently impressed  with  their  importance  to  devote  consider- 
able space  in  his  treatise  to  their  reproduction.  Modern 
writers,  on  the  other  hand,  have  ignored  them,  probably  from 
a  sense  of  their  lacking  theoretical  coordination.  Hatchett 
himself  appears  conscious  of  this,  and  also  of  some  virtue  in 
undertaking  the  investigation  of  these  bodies — the  products 
of  the  action  of  the  acid, — from  which,  as  he  says,  chemists 
have  doubtless  been  deterred,  or  even  repelled  with  disgust, 
by  reason  of  the  "  pro  tens-like  "  changes  which  they  undergo 
whilst  under  experiment. 

In  ignorance  of  his  results,  we  were  led  to  investigate  cer- 
tain of  these  pseudo-carbons,  from  the  altogether  ditiei'ent 
standpoint  of  their  relationship  to  the  carbohydrates.  The 
black  "carbonaceous"  substance  which  we  obtained  J  by  the 
action  of  sulphuric  acid  at  70°  C.  upon  cellulose,  we  found  to 
be  converted  by  the  action  of  chlorine  into  a  bright  yellow 
chlorinated  substance,  soluble  in  alcohol,  and  resembling  in 
composition  and  properties  the  product  of  the  action  of  this 
gas  upon  the  jute-tibre  substance — the  latter  being  an  un- 
doubtedly aromatic  derivative,  having  many  points  of  resem- 
blance to  tetrachloroquinone,  and  standing  in  close  relation- 
ship to  the  natural  group  of  astringents  or  tannins.  It  is 
not  our  intention  to  reproduce  the  long  synthetical  proof  by 
which  we  sought  to  establish,  from  the  chemical  side,  the  de- 
velopmental connexion  of  the  tannins  with  the  carbohydrates. 
Suffice  it  to  say  that  the  most  direct  point  in  the  proof  lay  in 
the  chemical  characteristics  of  these  pseudo-carbons;  and  from 
a  study  of  these,  as  yet  only  superficial,  we  are  impressed  with 
the  relations  of  both  to  the  carbohydrates,  the  connexions 
being  completed  through  infinite  series  of  naturally-occurring 

*  Pbil.  Trans.  1805. 

t  Traite  de  Chimie  (translated  from  4tli  German  ed.,  by  Valerius),  iii. 
p.  218.  X  Brit.  Assoc.  Reports,  1881. 
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substances.  The  subject  is  one  that  may  be  safely  left  to  de- 
velop itself  in  the  minds  of  all  who  contemplate  the  science  in 
relation  to  plant-life,  and  will  lead  to  the  conviction  of  the 
indefinitely  wide  potentiality  of  cellulose. 

Although  the  passage  of  cellulose  into  coal  is  an  obvious 
fact,  the  processes  by  and  through  which  the  transformation 
has  occurred  lie  outside  the  range  of  observation,  and  must 
remain  therefore  to  that  extent  a  matter  of  speculation.  On 
the  negative  side,  however,  greater  certainty  is  attainable  ; 
and  the  statements  of  Zirkel*  and  Eichtersf,  which  formulate 
the  older  views  of  the  composition  of  coal,  viz.  that  it  is  a 
mixture  of  pure  carbon  with  bituminous  substances  more  or 
less,  mav  be  altogether  dismissed.  Balzer,  we  believe,  was 
the  first' to  combat  these  loose  ideas;  and  in  his  excellent  little 
treatise  on  the  Formation  of  Coal  J,  he  advances,  on  the  basis 
of  a  careful  consideration  of  the  origin  and  chemical  charac- 
teristics of  the  coal-substance,  the  hypothesis  that  it  consists 
of  a  mixture  of  complicated  compounds,  genetically  if  not 
homologously  related,  the  most  important  feature  of  whose 
atomic  structure  is  the  union  of  the  carbon  atoms  with  one 
another,  progressive  condensation  in  this  direction  being  ex- 
pressed by  decreasing  susceptibility  to  the  action  of  reagents. 
This  treatment  of  the  subject,  however  imperfect  its  develop- 
ment within  the  narrow  limits  of  the  ti'eatise  in  question,  has 
the  merit  of  throwing  the  onus  of  proof  of  the  presence  of  ele- 
mentary carbon  in  coals  and  other  pseudo-carbons  upon  those 
who  have  assumed  it,  and  of  opening  up  the  question  in  its 
objectivity.  We  do  not  propose  to  enter  into  it  more  fully  at 
present,  than  to  say  that  we  have  obtained,  by  the  action  of 
chlorine  upon  a  (Wigan)  coal,  a  chlorinated  derivative  similar 
to  those  obtained  by  us  from  lignified  fibres,  and  also  observed 
that  the  whole  coal-substance  was  so  profoundly  modified  by 
the  action  of  hydrochloric  acid  (diluted)  and  potassium  chlorate 
as  to  be  subsequently  entirely  soluble  in  alkalies.  Our  investi- 
gation of  these  points  is  proceeding  ;  but  even  at  this  stage 
they  indicate  very  clearly  the  developmental  connexion  of  the 
coal  with  the  cellulose  constituents  of  growing  plants. 

We  cannot,  however,  leave  Balzer's  brochure  without  noti- 
cing an  incidental  allusion§  to  the  reducing-action  of  the 
pseudo-carbons,  notably  charcoal,  upon  sulphuric  acid,  in 
which  he  states,  as  a  well-received  fact,  that  the  reducing- 
agents  are  the  compound  constituents  of  the  pseudo-carbons, 
and  not  elementary  carbon.  We  have  made  a  number  of  ex- 
periments upon  all  the  pseudo-carbons,  both  in  their  normal 

*  Petrof/raphie,  i.  p.  •'^Ol.  f  Chf7?i.  Ccntr.  1870.  p.  245. 
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state  and  after  ignition  in  chlorine  gas;  and  we  found  that  the 
amount  of  sulphurous  acid  formed  was  inversely  as  the  per- 
centage of  carbon,  those  which  had  been  ignited  in  chlorine 
exerting  no  reducing-action  whatever.  We  have  not  been 
able  to  find  that  this  fact  is  at  all  generally  recognized;  and 
therefore  we  do  not  think  it  superfluous  to  state  it  here,  espe- 
cially as  it  is  an  important  criterion  of  the  position  of  any 
pseudo-carbon  in  the  series. 

There  is  yet  one  other  important  bearing  of  these  views 
which  remains  to  be  stated;  and  that  is,  their  relation  to  the 
Chemical  Theory  of  Grunpowder.  If  from  the  analysis  of  a 
normal  ordnance  gunpowder*  the  atomic  ratios  of  the  consti- 
tuents, including  the  hydrogen  and  oxygen  present  in  the 
charcoal,  be  calculated,  we  obtain  the  following  numbers : — 

Pseudo-Carbon. 


KNO3  S  C~      H    .      O 

13  7  IG  7  2 

(excluding  ash  and  water). 

Any  chemical  theory  of  gunpowder  which  fails  to  give  an 
account  of  the  H  and  0,  existing,  as  they  do,  in  such  important 
(molecular)  quantity,  is  necessarily  incomplete.  Those  who 
are,  by  their  special  circumstances  and  experience,  in  a  position 
to  investigate  this  point,  should  certainly  measure  the  influence 
of  the  hydrogen,  and  the  compountls  of  which  it  is  a  con- 
stituent, upon  the  })roperties  of  gunpowder.  What,  as  an 
extreme  case,  would  be  the  behaviour  of  a  powder  made  from 
charcoal  after  ignition  in  chlorine  ?  Is  it  not  at  least  certain 
that  the  character  of  a  gunpowder  would  be  influenced  by  the 
chemical  constitution  of  its  "  carbonaceous  "  constituents  ? 

On  the  more  practical  side,  have  we  any  certainty  that  the 
pseudo-carbons  used  in  the  manufacture  of  gunpowder  are 
those  best  adapted  to  the  purpose  ?  This  is  surely  a  matter 
that  should  not  be  allowed  to  rest  on  an  empirical  basis  ;  and 
we  are  not  aware  that  it  has  received  a  thorouo-h  scientific 
treatment.  We  refrain  from  further  discussion  at  the  present 
time  of  this  and  cognate  subjects  :  we  shall  have  achieved  our 
object  if  the  term  proposed  by  us  as  alone  applicable  to  the  sub- 
stances of  which  we  have  treated  recommend  itself  to  the  judg- 
ment of  chemists,  and  still  more  if  the  recognition  which  it 
contains  of  their  distinctly  non-elementary  character  prove  an 
aid  to  classification. 

*  Karolyi,  Phil.  Mag.  October  1863. 
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XXXIX.  On  the  Constitution  of  the  Lines  forining  the  Low- 
Temperature  Spectrum  of  Oxygen.  By  PlAZZi  Smyth, 
Astronomer  Royal  for  Scotland* . 

I  HAD  added  (at  p.  140  of  my  paper  on  "  Gaseous 
Spectra")  to  the  "small  dispersion"  account  therein 
given  of  the  above-mentioned  spectrum  of  luminous  oxygen  gas, 
that  two,  if  not  four,  of  its  very  few  and  scanty  lines 
appeared,  when  viewed  with  much  higher  dispersion,  to  be 
double,  but  that  I  hoped  to  give  a  more  exact  account  of 
them,  after  completing  some  arrangements  then  in  progress 
for  increasing  both  the  dispersion  and  magnifying-power  of 
my  spectroscope. 

These  improvements,  together  with  a  great  advance  in 
definition,  were  finished  last  November;  and  almost  the  first 
result  they  yielded  was,  to  much  more  than  confirm  what  I 
had  only  suspected  before,  and  to  do  so,  moreover,  with  such 
vigour  and  certainty  as  to  make  me  inquire  right  and  left  for 
several  weeks,  to  ascertain  if  what  I  then  saw  was  really  a 
new  discovery,  or  had  perhaps  been  known  long  before  to 
older  and  better  spectroscopists. 

So  far  as  I  have  been  able  to  gather,  the  thing  is  new,  and 
promises  to  be  important  to  theorists  in  molecular  vibi'ations, 
on  account  of  what  it  fulfils.  To  explain  this,  let  me  refer  to 
Dr.  Arthur  Schuster's  valuable  paper  in  the  Transactions  of 
the  Royal  Society,  London,  for  1879,  "  On  the  Spectra  of 
the  Metalloids:  Spectrum  of  Oxygen."  Beginning  his  ex- 
position of  the  low-temperature  spectrum  (after  having  treated 
very  fully  of  the  exceedingly  difixn-ent  high-temperature  spec- 
trum) of  oxygen  with  the  late  Prof.  Pliicker's  account  of  it, 
and  concluding  with  his  own  confirmatory  observations.  Dr. 
Schuster  shows  that  the  low  spectrum  had  always  been  found  to 
consist  of  only  four,  single,  wide-apart  lines — viz.  one  in  the 
orange,  one  in  the  citron,  another  in  the  green,  and  another 
still  in  the  indigo-violet;  and  to  that  spectrum,  containing 
only  four  such  solitary,  single,  simple  lines,  the  learned 
Doctor  gave  the  second  or  alias  name  of  the  "  compound-line  " 
spectrum  of  oxygen. 

The  reason  for  such  an  apparent  misnomer,  or  lucus  a  non 
lucendo,  was,  that  at  the  very  moderate  temperature  of  electric 
illumination  at  which  this  trifling-lined  spectrum  of  oxygen 
appears,  most  other  gases  do  give  forth  very  compound-line 
spectra  indeed — spectra  with  hundreds  or  even  thousands  of 

*  From  the  Transactions  of  tlie  Royal  Society  of  Edinburgh,  vol.  xxx. 
part  1.     Communicated  by  the  Author. 
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linos,  arranged  in  peculiar  bands  or  parcels, and  known  generally 
as  fluted  spectra.  Hence  Dr.  Schuster's  name  for  what  he  saw 
in  oxjgen,  while  principally  intended  to  show  the  physical  cir- 
cumstancesunder  (or  temperature-level  on)  which  it  is  produced, 
might  perhaps  privately  have  been  intended  to  indicate  that  he 
had  somehow  an  idea  that  if  the  lines  were  not  compound  they 
ought  to  have  been,  and  would  one  day  be  found  so  to  be. 

That,  so  far  as  I  can  asceitain,  is  the  furthest  point  the  sub- 
ject has  even  yet  reached  elsewhere ;  and  it  was  at  that  point 
that  I  had  taken  it  up  in  1879  and  1880,  in  the  paper  already 
printed  by  this  Society.  In  the  regular  course  of  that  paper, 
going  through  many  gases,  with  single-prism  power  only,  I 
abundantly  confirmed  Messrs.  Pliicker's  and  Schuster^s  four 
wide-apart  lines,  as  constituting  in  themselves  alone  almost 
the  Avhole  and  entire  low-temperature  spectrum  of  oxygen.  I 
did,  indeed,  also  find  a  strong  line  in  the  scarlet-red,  besides 
two  in  the  red  or  ultra-red,  and  two  in  the  citron-green,  of 
extreme  faintness,  and  only  probably  belonging  to  the  same 
spectrum.  But  they  did  not  in  any  way  alter  the  apparent 
anomaly  of  the  Doctor's  name ;  for  each  of  these  new  lines  was 
also  solitary  :  and  what  are  after  all  nine,  or,  to  keep  within 
moi-e  certain  bounds,  five,  simple  lines  standing  separate  and 
along  a  length  where  10,000  such  could  take  their  places 
without  interferinor  with  each  other? 

But  when  I  looked  last  November  with  the  improved 
apparatus,  what  a  change  was  there  !  for  of  the  five  certain 
lines  no  less  than  four  were  found  to  be  triple,  after  a  fluted 
fashion  too.  These  four  truly  compound  lines  then  were — 
mine  in  the  scarlet-red,  and  Pliicker  and  Schuster's  three 
lines  in  the  orange,  the  citron,  and  green  respectively;  but 
their  last  line  in  the  indigo-violet  remained  persistently  and 
positively  single.  Still,  with  four  fifths  of  this  most  scanty 
spectrum  now  proved  to  consist  of  triplets  instead  of  single 
lines.  Dr.  Schuster's  original  and  really  most  happy  name  for 
it,  of  "  the  compound-line  spectrum  "  of  oxygen,  was  fully 
justified,  at  the  same  time  that  the  miniature  scale  of  the 
triplets  seemed  to  make  the  physical  nature  of  oxygen  more 
markedly  difierent  than  ever  from  all  other  known  gases; 
for  they,  at  the  same  temperature-level,  generally  make  their 
bands  or  compound-line  arrangements  on  a  comparatively 
enormous  scale,  and  in  multitudinous  groupings. 

To  those  who  are  engaged  in  chemical  spectroscopy  it  will 
at  once  convey  an  idea  of  the  small-sized  triplicity  of  these 
oxygen  lines,  to  be  told  that  from  the  first  to  the  second  of 
each  triplet  the  distance  is  one  fifth  that  of  the  well-known 
salt-line  double ;  and  from  the  second  to  the  third  is  between 
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one  eighth  and  one  ninth  of  the  same  space;  while  the  salt- 
line  double  itself  is  only  one  eighth  of  the  average  distance 
apart  of  the  stronger  flutings  of  the  citron-band  of  the  carbo- 
hydrogen  blowpipe-flame,  which  band  has  some  six  or  seven 
of  such  flutings  within  its  easily  perceivable  breadth. 

Or,  again,  if  we  should  on  the  black  board  represent  the 
separation  of  the  first  and  second  of  any  oxygen  triplet  by  a 
tenth  of  an  inch,  and  from  the  second  to  the  third  by  six 
hundredths  of  an  inch  (when  it  will  require  a  good  eye  from 
the  other  side  of  the  table  to  separate  them),  that  would 
indicate  a  scale  for  the  whole  spectrum,  or  fj-om  red  to  violet, 
of  25  feet;  and  that ^ is  rather  more  than  three  times  as  loner 
as  the  late  Professor  Angstrom's  grand  and  almost  universally 
followed  "  Normal  Solar  Spectrum." 

For  bright-line  chemical  spectroscopy,  and  especially  with 
the  faint  light  of  incandescent  gas  in  a  low-temperature 
electric  spark,  it  is  by  no  means  usual  or  easy  to  separate 
lines  so  very  close  together  as  the  members  of  one  of  the 
oxygen  triplets.  A  few  words  of  explanation  may  therefore 
be  demanded  of  me  in  proof  that  the  resolution  was  real  and 
not  an  optical  deception.  The  propriety  of  the  demand,  too, 
I  am  quite  ready  to  allow,  knowing  only  too  well  that  there 
are  prisms  which  will  fringe  every  bright  line  with  diffraction 
repetitions,  or,  when  out  of  the  best  focus,  will  double  or 
treble  any  line,  and  others,  again,  that  make  them  so  broad 
and  hazy  that  clear  separation  of  very  close  lines  would  be 
utterly  impossible. 

As  my  gas-vacuum-tube  spectroscope  admits  only  of  a 
deviation  range  up  to  45°,  or  that  of  a  single  white-flint 
prism  of  52°  refracting  angle,  I  was  compelled  to  have 
recourse  to  compound  prisms  to  get  up  the  necessary  dis- 
persion for  crucial  cases,  say  that  of  seven  or  eight  such 
prisms.  Now,  although  some  beautiful  compounds  were 
made  for  me  both  in  France  and  this  country,  they  invariably 
failed  in  the  item  of  perfect  definition.  I  then  tried  a  large 
fluid  bisulphide-of-carbon  prism  made  in  Paris,  but  failed 
in  several  ways.  So  lately  1  entered  into  a  contract  with 
an  exceedingly  skilful  as  well  as  persevering  optician  in 
London,  viz.  Mr.  Adam  Hilger,  to  make  two  large  bisulphide 
prisms,  having  a  clear  circular  aperture  of  2"1  inches 
diameter,  a  refracting  angle  of  104°,  anti-prisms  of  crown 
glass  square  at  the  ends,  and  a  central  angular  bored  block 
of  the  same  material  to  hold  the  fluid. 

The  troubles  poor  Mr.  Hilger  had  to  go  through  were 
almost  overwhelming;.  He  bored  throuoh  block  after  block 
of  crown  glass,  only  to  find  after  an  hour,  or  a  day^  or  a  week 
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that  it  fell  in  pieces  of  its  own  accord,  until  he  had  a  heap  of 
tunnelled  fraonients  large  enough  to  make  a  cautionary  photo- 
graph of.  And  when  he  had  at  last  succeeded  by  his 
unconquerable  perseverance  in  securing  two  blocks  that  stood, 
and  the  anti-prisms  were  to  be  fastened  on  their  faces,  he 
tried  almost  every  patented  and  unpatented  cement  before  he 
found  one,  or  rather  a  particular  method  of  using  it,  which 
could  withstand  the  action  of  the  bisulphide  for  more  than  a 
day  or  two. 

At  last,  however,  though  long  after  the  contracted  time, 
he  brought  the  two  prisms  here  complete;  and  they  passed 
successfully  through  the  severest  trial  I  had  prepared  for 
them,  viz.  that  when  a  hydrogen-line  was  at  its  brightest, 
shining  like  a  ray  of  sunlight  in  a  dark  field,  its  light  must 
be  entirely  and  sharply  confined  to  the  width  of  opening  of 
the  slit  for  the  time  being.  Not,  however,  until  some  months 
after,  when  the  telescope  power  was  also  improved,  and  a  new 
class  of  difficulties  with  the  prisms  had  been  overcome,  could 
the  desired  trial  on  oxygen  be  made.  Now,  whereas  I  had, 
as  mentioned  already,  on  previous  occasions  with  the  best 
compound  glass  prisms  I  could  procure,  seen  only  an  uncertain 
idea  that  some  of  the  oxygen-lines  might  be  double,  I  now 
saw  the  real  triplicity  of  four  of  the  lines,  and  measured  them 
micrometrically  with  a  degree  of  certainty  and  satisfaction 
that  I  had  never  dreamt  of  with  the  older  appai'atus;  and, 
this  triplicity  of  these  lines  never  came  out  more  remarkably 
than  when  the  singularity  of  really  single  lines,  such  as  those 
of  hydrogen  impurities  in  the  same  gas-tube,  was  rendered 
most  distinctly.  I  will  therefore  now  only  seek  to  conclude 
with  a  few  words  on  the  bearing  of  this  tripleness  of  the 
oxygen-lines,  first,  on  the  disputed  question  of  the  existence 
of  oxygen  in  the  atmosphere  of  the  sun,  and,  secondly,  on  the 
absence  of  hitherto  recognized  oxygen-manifestations  (though 
oxygen  is  so  well  known  to  exist  as  a  large  part  of  the  eartb^'s 
atmosphere)  in  the  telluric  rays  that  become  visible  in  the 
solar  spectrum  at  sunrise  or  sunset. 

Oxygen  in  the  Sun. 

For  many  years  it  was  a  sort  of  crying  wonder  that  the 
spectroscope  showed  no  traces  in  the  sun  of  so  necessary  a 
gas  to  combustion  as  oxygen — the  expected  test  being,  that 
we  should  see  there  as  dark  lines  all  the  lines  which  are  seen 
bright  when  oxygen  gas,  on  being  rendered  incandescent  in 
a  high  electric  temperature,  then  shows  what  is  called  its 
"  elemental-line  spectrum."  But  not  one  of  those  lines  could 
be  detected  by  its  dark  counterpart  in  the  sun.     At  length 
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Professor  Henry  Draper,  of  New  York,  from  a  series  of 
experiments  made  with  extraordinary  skill  and  power, 
announced  that  oxygen  appears  in  the  solar  spectrum  not  in 
its  dark  but  in  its  bright  lines,  outshining  where  they  come 
the  brightness  of  the  sun's  continuous-spectrum  background. 
Yet,  though  he  gallantly  made  a  voyage  from  Xew  York  to 
London  especially  to  describe  his  experiments,  and  was 
honourably  received  and  attenti^-ely  heard,  there  are  some 
persons  there  who  are  not  convinced  yet. 

Now  Dr.  Schuster  had   already  compared   his  four  lines, 

though  of  the  low-temperature  oxygen-spectrum,  with  Ang- 
strom's normal  solar-spectrum  map,  under  the  idea  apparently 
that,  though  the  solar  oxygen  might  have  been  rendered  in- 
candescent in  the  very  hottest  central  regions  of  the  sun,  it 
might  have  its  Fraunhofer  dark  correspondences  checked  off 
by  cooler  oxygen  vapour  outside.  But  as  his  then  knowledge 
of  oxygen  low-temperature  lines  made  them  only  four  single, 
simple,  thin  lines,  the  comparison  was  not  attended  with  any 
very  certain  result ;  for  there  are  so  many  of  such  lines,  un- 
claimed for  any  element,  strewed  all  along  the  solar  spectrum. 
But  now  that  I  had  found  four  out  of  five  lines  to  be  triplets 
of  an  accurate  kind,  could  any  thing  further  in  the  way  of 
identification  be  ascertained  ? 

In  apparently  the  very  place  of  the  three  fainter  of  the 
above-described  triplets  there  is  a  close  double  of  peculiarly 
thin  Fraunhofer  lines  depicted  by  Professor  Angstrom  in  his 
normal  solar-spectrum  map  ;  and  in  the  place  of  the  brightest 
of  them,  viz.  Schuster's  orange  line,  there  is  a  triple*  of  the 
same  kind  of  vltra  thin  lines  ;  and  not  one  member  of  all 
those  four  groups  has  been  claimed  for  any  known  element  by 
the  great  Swedish  physicist.  Yet  I  am  by  no  means  satis- 
fied that  the  degree  of  correspondence  is  conclusive,  and  can 
only  hope  that  those  who  have  the  means  will  positively  con- 
front the  new  oxygen  triples  with  the  sun  itself  and  inform 
us  what  they  find. 

Oxygen  of  the  Earth'' s  Atmosphere  in  the  Telluric  Solar 

Spectrum. 
If  the  long  silence  of  the  spectroscope  touching  oxygen  in 
the  sun  was  a  wonder,  and  perhaps  something  the  reverse  of 
praise  to  those  who  used  the  supposed  all-powerful  instrument, 

*  Tliat  triplicity  is  indeed  there  broken  in  upon  by  a  far  stronger  line, 
wbicb  Angstrom  traces  to  sodium  (Xa)  ;  but  such  cases  of  mere  optical 
juxtaposition  aie  fref|iieiit  in  the  crowds  of  lines  in  much  of  the  solar 
spectrum,  without  any  physical  connexion  being  supposed  to  be  implied 
thereby. 
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what  shall  be  said  for  its  continued  silence  as  to  the  presence 
of  any  free  oxygen  in  the  earth's  atmosphere,  when  sotne 
gases  that  are  therein  do  make  themselves  most  signally  con- 
spicuous on  the  solar  spectrum,  in  the  shape  of  dark  lines  or 
bands,  growing  as  the  sun  descends  in  altitude,  until  they 
become  at  last  more  grandly  thick  and  black  than  all  the  truly 
solar  markings  put  together  ? 

Amongst  these  origantic  cases  of  Fraunhofer  lines  of  some 
kind  of  telluric  gaseous  origin,  we  do  indeed  know,  by  a  sort 
of  inductive  process  rather  than  by  any  positive  proof,  that 
the  band  too  hastily  called  "  little  a  "  and  other  bands  and  lines 
near  C  and  near  D  are  the  spectroscopic  proofs  of  tcatery 
vapour^  as  an  invisible  but  potent  gas  in  our  atmosphere. 
But  what  makes  the  far  greater  A  or  great  B  and  the  a  (alpha) 
band,  no  one  pretends  to  know. 

At  first  siffht  it  mioht  well  be  sugo-ested  that  they  must  be 
formed  by  one  or  other,  or  both,  of  the  two  grand  constituents 
of  the  earth^s  atmosphere  as'established  by  the  chemists,  viz. 
oxygen  and  nitrogen.     But  there  we  are  instantly  met  by 

Angstrom's  inflexible  law,  promulgated  by  him  in  1853,  and 
repeated  at  p.  39  of  the  description  of  his  "  Normal  iSolar 
Spectrum"  in  1868,  viz.  that  "a  gas  in  the  state  of  incandes- 
cence emits  luminous  rays  of  the  same  refrangibility  as  those 
which  it  can  absorb" — or,  conversely,  when  it  acts  by  absorp- 
tion, it  produces  dark  in  all  the  spectrum  places  where,  when 
in  a  state  of  incandescence,  it  produced  bright  lines. 

Now  we  know  by  laboratory  experiments  what  bright  lines 
are  given  out  by  both  oxygen  and  nitrogen  in  various  states 
of  incandescence;  and  not  one  of  those  lines  is  in  the  place, 
and  at  the  same  time  endowed  with  the  physiognomy,  of  great 
A  or  great  B,  or  of  the  a  (alpha)  band  of  the  sunset  solar 
spectrum.  ^ 

To  get  over  this  astonishing  difficulty.  Angstrom — who  held 
that  all  these  three  bands  are  of  a  similar  visible  constitution, 
viz.  a  thick  line  and  then  a  band  of  thin  lines  stretching  out 
towards  the  red  end  of  the  spectrum — suggested  that  they 
might  be  produced  by  "  carbonic  acid."  But,  over  and  aboA'e 
the  difficulty  that  carbonic  acid  is  an  almost  insensible  impurity 
in  the  open  air,  and  could  hardly  be  expected  to  extinguish 
every  sign  of  the  existence  of  the  atmosphere's  two  great  con- 
stituents, we  do  know  the  spectrum  given  by  incandes- 
cent carbonic  acid  in  the  laboratory,  and  it  cannot  claim  to 
having  a  band  in  the  place  of  either  A  or  B  or  «  (alpha), 
besides  its  series  being  turned  in  the  opposite  direction,  or 
every  band  vanishing  towards  the  violet,  in  place  of  the  red, 
end  of  the  spectrum. 
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Evidentlyj  then,  in  despair,  this  sorely  tried  and  now  de- 
parted  philosopher    of   Upsala,    but   who  is    still    our    chief 
authority  in  this  line,  on  page  41  of  his  memoir  already  cited, 
after  acknowledging  that  he  had,  in  another  place,  suggested 
"  carbonic  acid,"  says  further,  perhaps  it  is  ozone  which  pro- 
duces these  bands.     No   reason   is   given;    but  the   prudent 
caution  is  inserted — if  there  is  free  ozone  in  the  earth's  atmo- 
sphere.    Or,  again,  he  adds  as  a  third  supposition,  perhaps 
they  are  produced  by  "  fluorescence  of  oxygen,"  a  gas  which 
he  there  states  gives  forth  "  a  faint  phosphorescence  in   a 
Geissler  oras-vacuum-tube  when  an  electric  current  is  caused 
to  pass  through  it."     But  this  is  just  as  far  from  presenting 
us  with  the  very  definite  lines  constituting  the  bands  of  great 
A,  great  B,  and  u  (alpha)  of  the  sunset  telluric  solar  spectrum 
as  before. 

Now  I  have  not,  any  more  than  all  the  rest  of  the  world  at 
this  moment,  any  positive  and  proved  means  of  raising  Pro- 
fessor Angstrom  out  of  the  difticulties  he  eventually  sunk 
under.  But  the  minute  triplicity  of  the  greater  part  of  the 
low-temperature  lines  of  the  oxygen-spectrum,  descriljed  in  the 
beginning  of  this  paper,  may  perhaps  let  in  a  chink  of  light 
upon  the  difficulty,  when  combined  with  the  true  constituent 
features  of  these  grand  telluric  lines  A,  B,  and  u  (alpha),  as 
set  forth  in  my  Lisbon  solar  spectrum,  so  recently  honoured 
by  the  Royal  Society  of  Edinburgh  with  their  Makdougall- 
Brisbane  Prize. 

Angstrom,  observing  these  three  bands  when  they  were 
thick  and  clumsy  at  sunset,  pronounced  their  constitution  to 
be  exactly  similar  in  every  case.  I,  on  the  contrary,  obser- 
vintr  them  in  a  high  sun,  when  they  were  divested  of  the 
rotundity  of  flesh,  and  only  their  thin,  linear  bones  appeared, 
found  tiie  ultimate  constitution  of  the  a  (alpha)  to  be  per- 
fectly different  from  that  of  A  and  B  ;  for  in  place  of  rnany 
regular  and  symmetrically  arranged  powerful  lines,  it  was 
made  up  of  little  doublets  and  triplets  of  both  inconceivable 
minuteness  and  very  irregular  occurrence  (see  the  said 
Lisbon  spectrum  as  printed  in  vol.  xxix.  of  the  Society's 
Transactions).  These  Lilliputian  foundation-stones  of  the 
a  (alpha)  band  appeared  to  me  at  the  time  almost  ridiculous 
in  their  smallness ;  but  now  I  recognize  them  as  having  a 
close  family  resemblance  to  the  triplicity  of  the  low-tempera- 
ture oxygen-lines  which  I  have  been  trying  hereinbefore  to 
describe.  They  are  not  indeed  the  very  same;  for  they  are  in 
different  spectrum  places  ;  but  they  do  give  the  idea  (sug- 
gested also  by  some  points  in  both  the  aurora-spectrum  and 
cometary  spectra  not  yet  reproduced  in  any  laboratory  elec- 
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trical  experiments)  that  there  is  a  teinperature-level  in  nature 
for  the  incandescence  of  gases,  much  lower  than  that  of  the  low- 
temperature  oxygen-spectrum  of  these  pages.  Wherefore,  if 
we  could  artificially  produce  that  kind  of  ultra-low-temperature 
illumination,  electric  probably,  we  might  find  that  the  a  (alpha) 
band  in  the  solar  sunset  specti-um  represented  the  oxygen, 
while  the  A  and  B  bands  showed  us  the  nitrogen  o-as  thereof — 
they  two  being  the  mighty  gas  constituents  known  so  well  to 
every  one  {ed'cejyt  teihiric-line  solar  spectroscopists)  to  exist  in 
the  earth^s  atmosphere,  and  in  such  overpowering  quantity  as 
to  practically  exclude  every  thing  else  except  watery  vapour. 


■  XL.  Regnault's  Determination  of  the  Specific  Heat  of  Steam. 
By  J.  Macfarlane  Gray*. 

EEGNAULT'S  experiments  on  the  specific  heat  of  vapours 
have  been  interpreted  by  Regnault  as  giving  results 
not  at  all  in  accordance  with  the  deduction  from  the  kinetic 
theory  of  gases,  that,  for  matter  travelling  in  single  mole- 
cules, the  product  of  the  molecular  weight  by  the  specific  heat 
is  a  constant  for  all  substances.  I  have  been  led,  by  consider- 
ing the  order  of  temperature-pressures  for  steam,  to  conclude 
that  the  above  deduction  is  true  for  steam ;  and  I  have  no  doubt, 
also  for  all  matter  travelling  in  single  molecules.  When,  in 
1880,  I  laid  my  conclusions  before  the  Physical  Society  as 
being  corroborated  by  Eegnault's  dynamical  experiments,  it 
was  objected  that  Regnault's  direct  thermal  experiments  gave 
results  widely  different  from  my  conclusions  ;  and  the  report 
on  my  paper  was  that  that  difference  proved  that,  in  the  cor- 
roborations I  had  pointed  out,  I  had  been  led  away  by  merely 
numerical  coincidence. 

I  will  now  show  that  Eegnault's  thermal  experiments  have 
been  misinterpreted  by  Regnault  himself,  and  that  he  ouo-ht  to 
have  read  the  specific  heat  of  steam,  according  to  his  experi- 
ments, to  be  exactly  in  accordance  with  the  deduction  of  the 
kinetic  theory. 

The  method  of  the  experiments  was  to  generate  steam  at 
100°  C,  to  superheat  it  under  atmospheric  pressure  to  (say) 
125°  in  one  set  of  experiments,  condensing  it  in  a  calorimeter 
to  ascertain  what  quantity  of  heat  was  given  up,  down  to  0°. 
In  a  second  set  of  experiments  with  the  same  apparatus,  the 
temperature  was  raised  to  (say)  225°,  while  the  steam  was 
still  at  atmospheric  pressure  ;  this  was  also  condensed  in  the 

*  Communicated  by  the  Physical  Society,  having  been  read  at  the 
Meeting  on  February  25,  1882. 
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same  calorimeter.  It  was  found  that  the  heat  given  up  by  the 
steam  at  225°  exceeded  that  given  up  by  the  steam  at  125°  by 
48"051  units  of  heat;  and,  dividing  by  the  difference  of  tem- 
perature (100),  Regnault  found  048U5l  for  the  specific  heat 
of  steam  at  constant  pressure. 

In  these  experiments  the  superheating  to  125°  was,  no 
doubt,  intended  to  thoroughly  dry  the  steam,  so  as  to  get,  in 
the  quantity  of  heat  abandoned  in  the  first  set  of  experiments, 
the  entire  heat  of  complete  gasefication,  because,  if  still  some 
moisture  remained  in  the  steam,  the  latent  heat  of  evaporation 
of  that  moisture  would  be  included  in  the  difference-quantity 
supposed  to  be  due  to  the  specific  heat  of  temperature-raising, 
and,  bv  that  amount,  the  result  would  be  too  hioh. 

It  appears  to  me  that  the  completion  of  the  evaporation  of 
suspended  moisture  cannot  be  accomplished  between  100°  and 
125°;  but  it  will  be  more  likely  to  be  carried  on  between  125° 
and  225°.  Particles  of  liquid  remain  at  the  pressure-tempe- 
rature whatever  be  the  superheated  temperature  of  the  gas  in 
which  they  are  suspended.  The  rate  of  evaporation  of  those  par- 
ticles will  therefore  depend  upon  the  temperature-difference  ; 
and  in  the  lower  range  of  temperatui'es  but  little  of  the  mois- 
ture will  be  evaporated  in  its  rapid  passage  through  a  worm 
heated  to  only  25°  in  excess  of  the  pressure-temperature.  In 
the  second  set  of  experiments  the  excess  of  temperature 
was  125°. 

To  test  this,  let  similar  experiments  be  made  at  100°;  and 
if  the  resulting  apparent  specific  heats  between  100°  and 
125°  are  higher  than  those  obtained  by  Regnault  between 
between  125°  and  i'lh'^,  then  ray  argument  is  demolished;  but 
if  the  results  are  smaller,  then  my  suspicions  have  been  jus- 
tified, and  a  correction  is  required  on  the  results  as  given  by 
Regnault.  Fortunately  for  my  object,  Regnault  has  left  us  (in 
vol.  i.,  at  page  695)  the  data  of  thirty-eight  reliable  experi- 
ments on  the  "  total  heat  "  of  steam  at  100°  down  to  0°,  giving 
the  mean  =  (336*70  units  of  heat.  I  have,  with  this  "  total 
heat "  for  100°,  compared  the  results  of  the  experiments  on  the 
steam  of  125° — in  precisely  the  same  way  as  Regnault  worked 
for  the  interval  between  125°  and  225°  (these  experiments  are 
recorded  in  vol.  ii..  pages  167-178).  The  results  of  my  calcu- 
lations are  given  below.  The  first  two  series  Avere  merely  jire- 
paratory  trials  to  arrive  at  the  best  form  of  apparatus;  and  only 
a  few  grammes  of  vapour  were  passed  through  the  worm  at 
each  of  those  experiments.  In  the  third  and  the  fourth  series 
ten  times  as  much  vapour  was  passed  through  on  each  occasion. 
Regnault  says: — "J'aipu  operer  ainsi  sur  des  quantites  de 
vapeur  beaucoup  plus  considerables,  et  diminuer  I'importance 
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relative  des  corrections  produites  par  les  causes  perturbatrices." 
This  consideration  is  still  more  important  when  the  range  of 
temperature  is  limited  to  25° — only  one  fourth  of  the  range 
from  which  Reofnault  deduced  his  result.  The  larixe  calori- 
meter  was  used  only  in  the  third  and  fourth  series. 


First  series. 
•280 
•465 
•417 
•377 
•463 


Second  series, 
•546 
•591 
•567 


Mean  "567 


Mean  '400 

Preparatory  trials. 


Third  series. 

•299 
•314 
•340 
•375 
•400 
•411 
•349 
•413 
•405 
•415 


Mean  ^3721 


Fourth  series. 
•386 
•381 
•346 
•309 
•427 
•463 


Mean 


•3853 


That  the  method  of  calculation  may  be  perfectly  clear,  I 
give  the  particulars  for  the  first  experiment  in  the  fourth  series. 
Superheating  to  124°-81,  each  unit  of  vapour  gave  up  QAQ"2^ 
units  of  heat  down  to  0°.  Steam  at  100°  gave  up  636*70 
down  to  0°. 

646-28-636-70  _ 
124-81-100     -''^^^• 

The  quantity  of  vapour  in  this  experiment  was  102*62  grms. ; 
the  quantity  in  the  first  of  the  first  series  was  only  8*957  grms. 
The  fourth  series  was  made  with  an  apparatus  which  was  an 
improvement  on  that  used  in  the  third  series  ;  and,  taking  that 
series  only,  adding  the  probable  amount  of  moisture  which 
would  remain  at  100°  temperature  (say  1  per  cent,  on  the 
•385),  the  result  is  *389;  this,  on  other  grounds,  I  believe  to 
be  nearly  correct.  If,  however,  neglecting  the  other  grounds 
for  my  opinion,  we  take  the  mean  of  the  means  of  the  third 
and  the  fourth  series,  we  get 

•3721 +-3853      _„_ 
=-o7b7. 


This  is  what  Regnault  might  fairly  have  done. 

If  we  now  calculate  what  Regnault's  experiments  would 
give  as  the  kinetic-theory  result, — we  get  the  specific  heat  of 
hydrogen,  at  page  121,  "mean  =  3*4090;"  and  taking  the 
molecular  weight  of  steam  =17*96,  we  find  the  specific  heat 
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of  steam 

3-409  X  -^^^=-3796. 

That  is  to  sav,  the  kinetic  theory  and  the  thermal  determina- 
tion  give  ahnost  identically  the  same  number. 

This  is,  I  believe,  the  first  experimental  proof  that  the  law 
of  "inversely  as  the  molecular  weights  "  applies  to  compound 
gases. 


XLI.  Acoustical  Observations. — TV.  By  Lord  Eayleigh, 
F.R.S.,  Professor  of  Experimental  Physics  in  the  University 
of  Cambridge* . 

On  the  Pitch  of  Oro-an-pipes. — Slow  versus  quick  Beats  for  comparison 
of  Frequencies  of  Vibration. — Estimation  of  the  Direction  of  Sounds  with 
cue  ear. — A  Telephone-experiment. — Very  high  Xutes. — Rapid  Fatigue 
of  the  Ear. — Sensitive  Flames. 

On  the  Pitch  of  Organ-pipes. 

IN  the  Philosophical  Magazine  for  June  1877  I  described 
some  observations  which  proved  that  the  note  of  an  open 
organ-pipe,  when  blown  in  the  normal  manner,  was  higher  in 
pitch  than  the  natui'al  note  of  the  pipe  considered  as  a  reso- 
nator. The  note  of  maximum  resonance  was  determined  by 
putting  the  ear  into  communication  with  the  interior  of  the 
pipe,  and  estimating  the  intensity  of  sounds  of  varying  pitch 
produced  externally. 

A  more  accurate  result  may  be  obtained  with  the  method 
used  by  Blaikleyf,  in  which  the  external  sound  remains  con- 
stant and  the  adjustment  is  effected  by  tuning  the  resonator 
to  it.  About  two  inches  were  cut  off  the  upper  end  of  a  two- 
foot  metal  organ-pipe,  and  replaced  by  an  adjustable  paper 
slider.  At  a  moderate  distance  from  the  lower  end  of  the 
pipe  a  tuning-fork  was  mounted,  and  was  maintained  in 
regular  vibration  by  the  attraction  of  an  electromagnet 
situated  on  the  further  side,  into  which  intermittent  cur- 
rents from  an  interrupter  were  passed.  Neither  the  fork 
nor  the  magnet  were  near  enough  to  the  end  of  the  pipe 
to  produce  any  sensible  obstruction.  By  comparison  with  a 
standard,  the  pitch  of  the  fork  thus  vibrating  was  found  to  be 
255  of  Konig's  scale.  The  resonance  of  the  pipe  was  observed 
from  a  position  not  far  from  the  upper  end,  where  but  little  of 
the  sound  of  the  fork  could  be  heard  independently;  and  the 

•  Communicated  hv  the  Author, 
t  Phil.  Mag.  May  1879. 
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paper  slider  was  adjusted  to  the  position  of  maximum  effect. 
This  observation  was  repeated  many  times,  the  distance  be- 
tween marks  fixed  on  the  pipe  and  on  the  sHder  respectively 
being  recorded.  The  following  numbers  give  the  results,  ex- 
pressed in  fiftieths  of  an  inch:— 


31 

33 

30 

25 

31 

25 

32 

31 

34 

29 

35 

28 

29 

30 

The  extreme  range  being  only  one  fifth  of  an  inch,  shows  that 
the  observation  is  capable  of  considerable  precision,  corre- 
sponding as  it  does  to  only  about  2  vibrations  per  second  out 
of  a  total  of  255.  Finally,  the  slider  was  fixed  at  the  mean  of 
the  above-determined  positions,  and  the  natural  note  of  the 
pipe  was  then  considered  to  be  255.  The  error  in  length  was 
probably  less  than  .}q  inch,  and  the  error  in  pitch  less  than 
half  a  vibration  per  second. 

The  pipe  was  then  blown  from  a  well-regulated  bellows;  and 
the  beats  were  counted  between  its  note  and  that  of  the  standard 
fork  above  referred  to,  the  pressure  being  taken  simultaneously 
with  a  water-manometer.  Three  observers  were  found  to  be 
necessarv  for  accurate  workino- — one  to  count  the  beats,  risino; 
to  the  rate  ot  ten  per  second,  one  to  keep  the  bellows  uniformly 
supplied  with  wind,  and  one  to  observe  the  manometer.  At 
pressures  between  4*2  inches  and  1*53  inch  the  pitch  of  the 
pipe  was  very  well  defined  and  considerably  higher  than  the 
natural  note.  Below  1  inch  the  pitch  became  somewhat  un- 
steady, and  distinct  fiuctuations  in  the  frequency  of  the  beats 
were  perceived,  w^hile  no  corresponding  variation  of  pressure 
could  be  detected.  At  about  "8  inch  the  pitch  of  the  pipe 
falls  to  unison  with  the  natural  note,  and  with  further  dimi- 
nishing pressures  becomes  the  graver  of  the  two.  Below  •? 
inch  the  unsteadiness  is  such  as  to  preclude  accurate  estima- 
tions of  pitch. 

The  results  are  embodied  in  the  accompanying  table,  which 
shows  the  correspondence  of  pitch  and  pressure.  Instead  of 
the  actual  number  of  beats  counted,  which  involves  a  reference 
to  the  extraneous  element  of  the  pitch  of  the  standard  fork, 
the  number  (greater  by  unity)  is  given  which  expresses  the 
excess  in  the  frequency  of  vibration  of  the  actual  over  that  of 
the  natural  note  of  the  pipe.  It  will  be  seen  that  at  practical 
pressures  the  pitch  is  raised  by  the  action  of  the  wind,  but  that 
this  rule  is  not  universal. 
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Pressure,  in 

Difference  of 

Remarks. 

inches. 

frequencies. 

4-2 

+11-0 

2-72 

9-3 

2-26 

8-4 

l-8« 

71 

1-53 

5-6 

1-32 

4-2 

106 

2-1 

•88 

1-5 

•82 

+      -1 

•75 

-      -5 

•68 

1-2 

•64 

2-3 

•57 

3-9* 

About  this  point  a  discordant  high  note  comes 
in  alongside  of  the  normal  note. 

■53 

3-7 

•48 

3-1* 

Here  the  discordant  note  ceases. 

•46 

•40 

•391 
•38/ 

-    4^0 

•35 

* 

^'About  this  point  the  oetaTe  of  tlie  normal 
note  is  heard,  after  which  the  normal  note 
itself  disa  opears. 

•30 



The  normal  note  reappears,  the  octave  con- 
tinuing. 

•26 

The  octare  goes,  and  then  the  normal  note, 
after  which  there  is  silence. 

•20 

+ 

Octave  comes  in  again,  and  then  the  normal 
note,  at  a  pitch  which  falls  from  consider- 

•11 

— 

ably  above  to  a  little  below  the  natural 
pitch.     At  the  lowest  pressures  the  normal 

1 

note  is  unaccompanied  by  the  octave. 

Sloio  versus  quick  Beats  for  comparison  of  Frequencies  of 

Vibration. 

Most  of  those  who  have  had  experience  in  counting  beats 
have  expressed  a  preference  for  somewhat  quick  beats.  Per- 
haps the  favourite  rapidity  has  been  four  beats  per  second. 
There  is  no  doubt  that  in  the  case  of  insufficiently  sustained 
sounds  slow  beats  are  embarrassing.  The  observer  gets  con- 
fused between  the  fall  of  sound  which  is  periodic  and  that 
which  is  due  to  the  dying  away  of  the  component  vibrations, 
and  loses  his  place,  as  it  were,  in  the  cycle.  But  it  is  also 
possible,  I  think,  to  trace  an  impression  that,  independentl}-  of 
the  risk  of  confusion,  quick  beats  can  be  counted  with  greater 
accuracy  than  slow  ones.  It  is  indeed  true  that  the  number 
of  beats  in  a  given  time,  such  as  a  minute,  can  be  determined 
with  greater  relative  accuracy  when  there  are  many  than 
when  there  are  few  ;  but  it  is  also  true,  as  a  little  considera- 
tion will  show,  that  in  the  comparison  of  frequencies  we  are 
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concerned  not  with  tlio  relative,  but  with  the  absolute  number 
of  beats  executed  in  the  given  time.  If  we  miscount  the  beats 
in  a  minute  by  one,  it  makes  just  the  same  error  in  the  result 
whether  the  whole  number  of  beats  is  60  or  240. 

When  the  sounds  are  pure  tones  and  are  well  maintained, 
it  is  advisable  to  use  beats  much  slower  than  four  per  second. 
By  choosing  a  suitable  position  we  may  make  the  intensities 
at  the  ear  equal;  and  then  the  phase  of  silence,  corresponding 
to  antagonism  of  equal  and  opposite  vibrations,  is  extremely 
Avell  marked.  Taking  advantage  of  this,  we  may  determine 
slow  beats  with  very  great  accuracy  by  observing  the  time 
which  elapses  between  recurrences  of  silence.  In  favourable 
cases,  the  whole  number  of  beats  in  the  period  of  observation 
may  be  fixed  to  within  one  tenth  or  one  twentieth  of  a  single 
beat,  a  degree  of  accuracy  which  is  of  course  out  of  the  ques- 
tion when  the  beats  are  quick. 

In  some  experiments  conducted  by  Dr.  Schuster  and  my- 
self*, to  determine  the  absolute  pitch  of  a  Konig  standard 
fork,  I  had  occasion  to  observe  some  very  slow  beats.  The 
beating  sounds  were  of  pitch  128.  One  of  them  was  steady, 
proceeding  from  an  electrically  maintained  fork;  the  other 
(from  the  standard  fork)  gradually  died  away.  In  order  to 
be  more  independent  of  disturbing  noises  to  which  we  were 
exposed,  a  resonator  Avas  used  connected  with  the  ear  by  an 
india-rubber  tube.  The  standard  fork  was  mounted  at  the 
end  of  a  wooden  stick,  so  that  it  might  not  be  heated  by  the 
hand.  As  the  vibrations  became  less  powerful,  the  prongs  of 
the  fork  were  caused  slightly  to  approach  the  mouth  of  the 
resonator,  so  as  to  maintain  the  equality  of  the  two  component 
sounds.  In  this  way  it  was  possible  to  obtain  very  definite 
silences,  and  to  measure  the  interval  of  recurrence  with  accu- 
racy. In  one  obser-s'ution,  extending  over  about  two  minutes, 
the  beat  occupied  as  much  as  twenty-four  seconds,  and  there 
was  no  confusion.  I  have  little  doubt  that  even  slower  beats 
might  be  observed  satisfactorily  if  both  components  were 
steadily  maintained. 

Estimation  of  the  Direction  of  Sounds  with  one  ear. 
In  my  former  experiments  (Phil.  Mag.  June  1877)  I  found 
it  difficult  to  obtain  satisfactory  observations  with  one  ear 
closed,  although  it  was  not  doubtful  that  the  power  of  estima- 
ting directions  was  greatly  curtailed.  My  desire  to  experi- 
ment upon  an  observer  deaf  on  one  side  has  since  been  gratified 
by  the  kind  assistance  of  Mr.  F.  Galton.  In  January  1881 
experiments  were  tried  with  him  similar  to  those  on  normal 

*  Proc.  Roy.  Soc.  May  5, 1881,  p.  137. 
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hearers  described  in  my  former  paper.  It  was  found  that 
Mr.  Gal  ton  made  mistakes  which  would  be  impossible  for 
normal  ears,  confusing  the  situation  of  voices  and  of  clapping 
of  hands  when  to  his  right  or  left,  as  well  as  when  in  front  or 
behind  him.  Thus,  when  addressed  loudly  and  at  leugth  by  a 
little  boy  standing  a  few  yards  in  front  of  him,  he  was  under 
the  impression  that  the  voice  was  behind.  In  other  cases,  how- 
ever, there  seemed  to  be  some  clue,  whose  nature  we  cou.ld  not 
detect.  Bad  mistakes  were  made  ;  but  the  estimates  were 
more  often  right  than  mere  chance  would  explain. 

After  this  experience  it  seemed  unlikely  that  there  could  be 
any  success  in  distinguishing  whether  pure  tones  came  from 
right  or  left,  and  from  in  front  or  behind.  The  experiment 
was  tried,  however,  with  in  the  main  the  expected  result. 
But  when  the  sounds  were  close,  there  appeared  to  be  some 
slight  power  of  distinguishing  right  and  left,  which  may  per- 
haps have  been  due  to  incomplete  deafness  of  the  defective  ear. 

A  Teleplione-experiment. 

In  Maxwell's  '  Electricity  and  Magnetism,'  vol.  ii.  §  655, 
it  is  shown  that  a  pei'fectly  conducting  sheet  acts  as  a  bariier 
to  the  magnetic  force: — "  If  the  sheet  forms  a  closed  or  infi- 
nite surface,  no  magnetic  actions  which  may  take  place  on  one 
side  of  the  sheet  will  produce  any  magnetic  effect  on  the  other 
side."  In  practice  we  cannot  use  a  sheet  of  perfect  conduc- 
tivity; but  the  above-described  state  of  things  may  be  approxi- 
mated to  in  the  case  of  })eriodic  magnetic  changes,  if  the 
time-constants  of  the  sheet  circuits  be  large  in  comparison 
with  the  periods  of  the  changes. 

The  experiment  is  made  by  connecting  up  into  a  primary 
circuit  a  battery,  a  microphone-clock,  and  a  coil  of  insulated 
wire.  The  secondary  circuit  includes  a  parallel  coil  and  a 
telephone.  Under  these  circumstances  the  hissing  sound  is 
heard  almost  as  well  as  if  the  telephone  were  inserted  in  the 
primary  circuit  itself.  But  if  a  large  and  stout  plate  of  copper 
be  interposed  between  the  two  coils,  the  sound  is  greatly  en- 
feebled. By  a  proper  choice  of  battery  and  of  the  distance 
between  the  coils,  it  is  not  difhcult  so  to  adjust  the  strength 
that  the  sound  is  conspicuous  in  the  one  case  and  inaudible  in 
the  other. 

Very  high  Notes.     Rapid  Fatigue  of  the  Ear. 

In  former  experiments  with  bird-calls  I  had  often  been 
struck  with  what  seemed  to  be  the  capricious  behaviour  of 
these  sources  of  sound,  but  had  omitted  to  follow  uj)  the  ob- 
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servation.  In  the  spring  of  last  year  the  apparent  caprice  was 
traced  to  the  oar,  wliich  very  rapidly  becomes  deaf  to  sounds 
of  high  pitch  and  moderate  intensity.  A  bird-call  was  mounted 
in  connexion  with  a  loaded  gas-bag  and  a  water-manometer, 
by  which  means  the  pressure  could  be  maintained  constant  for 
a  considerable  time.  When  the  ear  is  placed  at  a  moderate 
distance  from  the  instrument,  a  disagreeable  sound  is  heard  at 
first,  but  after  a  short  interval,  usually  not  exceeding  three  or 
four  seconds,  fades  away  and.  disappears  altogether.  A  very 
short  intermission  suffices  for  at  any  rate  a  partial  recovery 
of  the  jiower  of  hearing.  A  pretty  rapid  passage  of  the  hand, 
screening  the  ear  for  a  fraction  of  a  second,  allows  the  sound 
to  be  heard  again.  During  his  visit  to  Cambridge  in  March 
1881,  I  had  the  pleasure  of  showing  this  experiment  to  Prof. 
Helmholtz. 

The  uniformity  of  the  sound  in  the  physical  sense  may  be 
demonstrated  with  a  sensitive  flame,  which  remains  uniformly 
affected  so  long  as  the  pressure  indicated  by  the  manometer 
does  not  vary.  The  sensitive  flame  may  also  be  employed  to 
determine  the  wave-length  of  the  sound,  in  the  manner  de- 
scribed in  the  Philosophical  Magazine  for  March  1879,  p.  154. 
In  the  case  of  two  bird-calls  blown  with  a  pressure  of  about 
2V'  of  water,  the  wave-lengths  were  found  to  be  respectively 
l'^*304  and  l'''*28.  The  method  was  found  to  work  easily  and 
with  considerable  accuracy,  almost  identical  results  being  ob- 
tained from  observations  of  the  loojys,  where  the  flame  is  most 
affected,  and  from  the  nodes,  where  it  is  least  affected. 

By  modifying  the  pressures  with  pinch-cocks,  the  two  notes 
could  be  brought  into  unison.  Although  both  bird-calls  were 
blown  from  the  same  gas-bag,  it  was  not  possible  to  keep  the 
beats  slow  for  more  than  a  few  seconds  at  a  time  ;  but  that 
period  Avas  quite  sufficient  for  the  effects  of  the  beats  to  mani- 
fest themselves  in  a  striking  manner  by  the  behaviour  of  the 
flame.  In  repeating  these  experiments,  it  may  be  necessary 
to  bear  in  niind  that  many  people  cannot  hear  these  high  notes 
at  all,  even  at  first.  With  a  shorter  wave-length  of  about  y, 
as  determined  by  the  flame,  I  was  myself  quite  unable  to  hear 
any  sound  from  the  situation  of  the  flame.  A  slight  hissing 
was  perceived  when  the  ear  was  brought  up  close  to  the  source; 
but  it  is  probable  that  this  was  not  the  part  of  the  sound  that 
agitated  the  flame. 

Sensitive  Flames. 

In  the  chapter  devoted  to  this  subject  in  Tyndall's  '  Sound ' 
(third  edition,  p.  231)  the  accomplished  author  remarks : — 
''  An  essential  condition  to  entire  success  in  these  experiments 
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disclosed  itself  in  the  following  manner.  I  was  operating  on 
two  fishtail  flames,  one  of  which  jumped  to  a  whistle  while 
the  other  did  not.  The  gas  of  the  non-sensitive  tlame  was 
turned  off,  additional  pressure  being  thereby  thrown  upon  the 
other  flame.  It  flared,  and  its  cock  was  turned  so  as  to  lower 
the  flame  ;  but  it  now  proved  non-sensitive,  however  close  it 
might  be  brought  to  the  point  of  flaring.  The  narrow  orifice 
of  the  half-turned  cock  interfered  with  the  action  of  the  sound. 
When  the  gas  was  fully  turned  on,  the  flame  being  lowered  by 
opening  the  cock  of  the  other  btirner,  it  became  again  sensi- 
tive. Up  to  this  time  a  great  number  of  burners  had  been 
tried,  but  with  many  of  them  the  action  was  nil.  Acting, 
however,  upon  the  hint  conveyed  by  this  observation,  the 
cocks  which  fed  the  flames  were  more  widely  opened,  and  our 
most  refractory  burners  thus  rendered  sensitive."  In  the 
abstract  of  a  Royal-Institution  lecture  (Phil.  Mag.  Feb.  1867) 
a  rather  more  definite  view  is  expressed  : — "  Those  who  wish 
to  repeat  these,  experiments  would  do  well  to  bear  in  mind,  as 
an  essential  condition  of  complete  success,  that  a  free  way 
should  be  open  for  the  transmission  of  the  vibrations  from  the 
flame,  hachxoards,  through  the  gas-pipe  which  feeds  it.  The 
orifices  of  the  stopcocks  near  the  flame  ought  to  be  as  wide  as 
possible." 

During  the  preparation  of  some  lectures  on  Sound  in  the 
spring  of  last  year,  it  occurred  to  me  that  light  would  probably 
be  thrown  upon  these  interesting  effects  by  introducing  a 
manometer  on  a  lateral  branch  near  the  flame.  In  the  path  of 
the  gas  there  were  inserted  two  stopcocks,  one  only  a  little 
way  behind  the  manometer-junction,  the  other  separated  from 
it  by  a  long  length  of  india-rubber  ttibing.  When  the  first  cock 
was  fully  open,  and  the  flame  Avas  brought  near  the  flaring- 
point  by  adjustment  of  the  distant  cock,  the  sensitiveness  to 
external  sounds  was  great,  and  the  manometer  indicated  a  pres- 
sure of  ten  inches  of  water.  But  when  the  distant  cock  stood 
fully  open  and  the  adjustment  was  effected  at  the  other,  high 
sensitiveness  could  not  be  attained;  and  the  reason  was  obvious, 
because  the  flame  flared  without  external  excitation  while  the 
pressure  was  still  an  inch  short  of  that  which  had  been  borne 
without  flinching  in  the  former  arrangement.  On  opening 
again  the  neighbouring  cock  to  its  full  extent,  and  adjitsting 
the  distant  one  until  the  pressure  at  the  manometer  measured 
nine  inches,  the  flame  was  found  comparatively  insensitive. 

It  appears,  therefore,  that  the  cause  of  the  prejudicial  action 
of  partially  opened  stopcocks  in  the  neighbourhood  of  the 
flame  is  not  so  much  that  they  render  the  flame  insensitive  as 
that  they  induce  premature  flaring.      There  are  two  ways  in 
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which  we  may  suppose  this  to  happen.  It  may  be  that,  as 
Prof.  Barrett  suggests  (Phil.  Mag.  April  1867),  the  mischief 
is  due  to  the  irreguhir  flow  and  consequent  ricochetting  of  the 
current  of  gas  from  side  to  side  of  the  pipe  ;  or,  again,  the 
cause  may  lie  in  the  actual  production  of  sonorous  disturbance 
of  the  kind  to  which  the  flame  is  sensitive,  afterwards  propa- 
gated forwards  to  the  burner  along  the  supply-pipe  acting  as 
a  speaking-tube.  The  latter  explanation  was  the  one  that 
suggested  itself  to  my  mind  at  the  time,  in  conseciuence  of  the 
observation  that  a  hissing  sound  was  easily  audible  by  the  ear 
placed  close  to  the  half-open  stopcock  through  which  gas  was 
passing  ;  and  it  was  confirmed  when  I  found  that  a  screw 
pinch-cock  could  be  used  for  adjustment  near  the  flame  with 
impunity,  in  which  case  no  sound  was  perceptible. 

Subsequently  further  experiments  were  tried  with  various 
nozzles  inserted  in  the  supply-tube.  These  included  holes  in 
thin  metal  plates  and  drawn-out  glass  tubes.  Even  though 
the  rubber  tubes  were  so  bent  that  the  streams  issuing  from 
the  nozzles  Ave  re  directed  against  the  sides,  no  sound  was  heard, 
and  no  loss  of  sensitiveness  was  apparent.  It  would  seem 
that  mere  irregularity  of  flow  produced  no  marked  effect,  and 
that,  provided  no  sound  attended  it,  the  full  pressure  could  be 
borne  without  flaring. 

These  observations  in  no  way  impair  the  value  of  the  prac- 
tical rule  laid  down  by  Tyndall.  In  some  cases  I  have  found 
a  flame  flare  without  external  excitation  when  a  neighbouring 
stopcock  was  partially  closed,  and  in  spite  of  the  increase  of 
pressure  recover  itself  when  the  stopcock  was  completely 
opened.  When  the  object  is  to  investigate  the  conditions  of 
flariuo-  the  use  of  a  manometer  near  the  flame  is  decidedlv  to 
be  recommended. 

March  24, 1882. 

XLII.  The  Effect  of  Temperature  on  the  Electrical  Resistance 
of  Mixtures  of  Sulphur  and  Carhon.  By  Shelford 
BiDWELL,  M.A.,  LL.B."^ 

INCE  December  1880  I  have  from  time  to  time  made  a 
number  of  experiments  with  the  object  of  ascertaining 
Avhether  sulphur  could,  under  any  circumstances,  be  made  to 
exhibit  the  remarkable  property  possessed  by  selenium,  and 
in  a  smaller  degree  by  tellurium,  of  having  its  electrical  resist- 
ance diminished  by  the  action  of  light. 

*  Communicated  by  the  Physical  Society,  having  been  read  at  the 
Meeting  on  March  25, 1882. 
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Amongst  other  things,  the  effect  was  tried  of  mixing  it  "snth 
graphite.  The  sulphur  was  heated  to  a  temperature  a  little 
above  its  melting-point  (115°  C),  and  when  quite  liquid  a 
small  quantity  of  tolerably  pure  powdered  plumbago  was 
stirred  into  it.  The  liquid  mixture  was  then  poured  into 
moulds  and  allowed  to  cool  quickly.  Sticks  or  plates  were 
thus  produced  of  a  substance  which  in  general  appearance 
closely  resembled  crystalline  selenium,  its  surfice  being  dull 
and  slate-coloured,  and  its  fracture  metallic,  not  unlike  that 
of  cast  iron. 

A  short  stick  of  this  substance  was  fitted  with  platinum 
electrodes  (platinum  wires  being  made  red  hot  and  pressed 
into  the  two  ends),  and  was  joined  up  in  circuit  Avith  a 
Leclanche  cell  and  a  reflecting  galvanometer.  The  spot  of 
light  was  brought  to  the  zero-point  at  the  middle  of  the  scale 
by  means  of  a  magnet,  and  the  sulphur  rod  exposed  to  the 
radiation  of  a  gas-flame  which  was  held  within  a  few  inches  of 
it.  The  spot  at  once  began  to  move,  showing  a  considerable 
change  in  the  resistance  of  the  rod.  The  gas-flame  was  extin- 
guished; and  the  spot  slowly  returned  to  zero.  Upon  exami- 
nation, however,  it  appeared  that  the  behaviour  of  this  sulphur 
rod  differed  from  that  of  crystalline  selenium  in  two  important 
particulars.  In  the  first  place,  the  change  of  resistance  was 
clearly  an  effect  not  of  light,  but  of  temperature.  Burning 
magnesium  produced  no  greater  change  than  the  gas-flame 
when  held  at  the  same  distance.  Sunlight  was  found  to  have 
a  powerful  effect,  which  was  scarcely  diminished  when  the 
light  was  caused  to  pass  through  red  glass;  but  blue  glass  or 
a  cell  containing  water  formed  an  effectual  screen.  A  black 
hot  poker,  or  even  the  warmth  of  the  finger,  caused  a  greater 
deflection  than  a  strong  light  which  was  too  far  removed  to 
heat  the  rod  sensibly. 

Now  there  can  be  little  doubt  that  the  decrease  in  the 
resistance  of  selenium  which  occurs  under  the  influence  of 
radiation  is  totally  distinct  from  any  effect  produced  by  tem- 
perature. It  is  of  course  true  that  absorption  of  radiations 
is  followed  by  a  rise  of  temperature,  particularly  when  such 
radiations  belong  to  the  red  and  infra-red  part  of  the  spec- 
trum ;  but  it  is  not,  I  think,  the  fact  that  such  rise  of  tempe- 
rature is  in  any  way  connected  with  the  remarkable  variation 
of  resistance  under  the  influence  of  light,  which,  owing  to 
the  invention  of  the  photophone,  has  lately  attracted  so  much 
attention.  The  electrical  effects  of  radiation  are,  in  this  case 
at  least,  no  more  due  to  rise  of  temperature  than  are  its 
chemical  effects.  The  evidence  in  favour  of  this  assertion 
seems  to  me  to  be  overwhelming;  and  I  hope  to  return  to  it 
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upon  anotlier  occasion,  with  special  reference  to  the  paper  in 
support  of  the  opposite  view  read  last  year  by  Dr.  Moser. 

The  second  point  in  which  the  sulphur  rod  appeared  to 
differ  from  selenium,  was  in  the  direction  of  the  change  which 
the  radiation  of  the  gas-flame  produced,  the  galvanometer 
showing  that  its  resistance  was  increased,  instead  of  being 
diminished  as  might  have  been  expected.  Here,  however, 
upon  tho  supposition  that  the  effect  is  due  to  heating,  the 
behaviour  of  the  sulphur  is  really  similar  to  that  of  selenium ; 
for  my  experiments  (agreeing  with  those  of  Prof.  Adams) 
show  that  at  ordinary  temperatures  slight  heating  is  always 
accompanied  by  considerably  increased  resistance. 

After  numerous  trials,  in  order  to  ascertain  what  propor- 
tions of  sulphur  and  graphite  yielded  the  greatest  sejisitive- 
ness  to  heat,  it  appeared  that  a  mixture  containing  20  parts 
by  weight  of  sulphur  to  9  of  graphite  was  the  most  suitable. 
It  was  also  found  to  be  more  sensitive  when  cooled  rather 
quickly  than  when  cooled  slowly,  though  its  specific  resist- 
ance (which  is  always  high)  was  generally  lower  in  the  latter 
case. 

In  order  that  the  peculiar  property  of  the  substance  may  be 
exhibited  in  the  most  effective  manner,  it  is  necessary  to 
arrange  it  in  thin  films,  so  that  a  large  surface  relatively  to  the 
bulk  may  be  exposed  to  the  action  of  radiation.  This  was  at 
first  done  by  spreading  it  as  thinly  and  evenly  as  possible 
upon  plates  of  mica  Laving  tinfoil  electrodes  at  each  end.  An 
objection  to  this  method,  however,  was  the  enormously  high 
resistance  which  it  involved,  amounting  sometimes  to  several 
hundred  thousand  ohms.  I  therefore  adopted  the  device  which 
I  generally  use  in  the  construction  of  selenium  cells,  and  which 
is  a  simple  modification  of  a  plan  originally  proposed  by  Dr. 
Werner  Siemens. 

Two  wires,  preferably  of  platinum,  are  wound  parallel  to 
each  other,  and  very  close  together,  around  a  slip  of  mica, 
care  being  taken  that  the  wires  do  not  touch  each  other  at 
any  point.  A  film  of  the  melted  mixture  is  spread  evenly 
over  one  surface  of  the  mica  ;  and  the  wire  electrodes  are  thus 
connected  with  each  other  through  half  their  entire  length  by 
a  series  of  very  narrow  strips  of  the  sulphur  mixture. 

The  resistance  of  a  sulphur  "  cell  "  constructed  in  this 
manner  was  9100  ohms  at  a  temperature  of  14°  C.  The  cell 
was  slowly  heated  in  an  air-bath,  and  the  resistance  measured 
as  accurately  as  possible  at  almost  every  degree.  The  follow- 
ing table  sufficiently  indicates  the  rate  at  which  the  resistance 
increased. 
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Temperature.  Resistance. 

14°  C 9,100  ohms. 

19°        11,400     „ 

25°        13,700      „ 

30°        16,700     „ 


35°        20,600 

40°        26,900      „ 


J3 


45°       34,000 

50° 42,900     „ 

55°        57,000     „ 

Thus  at  55°  the  resistance  of  the  cell  was  more  than  six 
times  as  great  as  at  14°, 

Upon  another  occasion  the  cell  was  raised  to  a  much  higher 
temperature.  No  measurements  ^^'ere  made  with  the  bridge, 
however,  the  cell  being  simply  connected  with  a  battery  and 
a  galvanometer,  and  the  deflections  noted  from  time  to  time. 
After  passing  55°,  the  resistance  increased  with  great  rapidity, 
until  at  a  temperature  of  100°  it  was  sensibly  infinite,  there 
being  no  movement  of  the  spot  of  light  when  the  circuit  was 
opened  with  a  key.  Immediately  after  passing  100°,  the 
resistance  began  to  fall  even  more  quickly  than  it  had  risen. 
The  deflection  at  105°  was  the  same  as  that  at  85°;  at  110° 
the  same  as  at  65";  at  114°  the  same  as  at  50°;  and  at  115° 
the  same  as  at  35°.  The  spot  of  light  now  became  so  unsteady 
(probably  in  consequence  of  the  melting  of  the  cell)  that  it 
was  not  possible  to  carry  the  experiment  further. 

A  mixture  has  also  been  prepared  in  which  lampblack  was 
used  instead  of  graphite;  but  very  few  experiments  have  yet 
been  made  with  it,  and  the  results  obtained  ha-se  not  been 
uniform.  At  ordinary  temperatures  it  generally  behaves  like 
the  graphite  mixtures;  but  its  temperature  of  maximum  resist- 
ance is  probably  lower  than  100°.  In  one  case  indeed,  in 
which  the  proportions  were  8  parts  of  sulphur  to  1  of  lamp- 
black, the  resistance  was  found  to  be  greatest  at  15°  (530,000 
ohms),  any  change  in  the  temperature,  whether  in  the  direc- 
tion of  heat  or  cold,  producing  a  decrease.  But  since  no  such 
effect  has  been  produced  with  other  specimens  of  the  same 
compound,  I  am  inclined  to  think  that  it  is  due  to  some 
unnoticed  peculiarity  in  the  construction  of  the  cell. 

AVith  this  single  exception,  every  specimen  of  the  mixtures, 
whether  made  with  graphite  or  lampblack,  has  at  ordinary 
temperatures  been  found  to  have  its  resistance  increased  by 
heat. 

At  first  sight  this  appears  to  be  a  very  paradoxical  pheno- 
menon.    It  is  now  generally  admitted  that  the  resistance  of 
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graphite  and  other  forms  of  carbon  is  diminished  by  heat;  and 
it  is  also  commonly  believed  that  a  rise  of  temperature  inva- 
riably causes  a  decrease  in  the  resistance  of  insulators  such  as 
sulphur.  The  compound  of  sulphur  and  carbon  with  Avhich 
we  have  to  do  is  certainly  only  a  mechanical  mixture  (for  no 
chemical  combination  could  be  formed  at  a  temperature  of 
150"  C,  which  is  never  exceeded  in  making  the  preparation); 
yet  the  effect  which  heat  produced  upon  it  is  exactly  opposite 
to  that  produced  upon  each  of  its  constituents. 

Some  experiments  were  made  in  order  to  determine  the 
effect  of  heat  upon  the  resistance  of  carbon  and  sulphur  sepa- 
rately ;  but,  although  in  the  case  of  sulphur  some  unexpected 
results  were  obtained,  nothing  whatever  Avas  observed  which 
would  per  se  account  for  the  variations  of  resistance  in  the 
sulphur  and  carbon  mixtures^ 

I  believe  the  true  explanation  to  be  this  : — The  mixture  does 
not  consist  of  a  uniform  structureless  mass  of  sulphur  having 
particles  of  carbon  imbedded  in  and  completely  surrounded 
by  it.  It  is  in  fact  an  aggregation  of  little  crystals  of  sulphur, 
with  carbon  packed  between  them  like  mortar  between  bricks. 
The  conduction  thus  takes  place  entirely  through  the  carbon 
particles,  which  may  be  considered  as  extending  in  a  series  of 
chains  from  end  to  end  of  tLo  mass.  Under  the  influence  of 
heat,  both  the  sulphur  and  the  carbon  expand ;  but  the  expan- 
sion of  the  sulphur  is  nearly  ten  times  as  great  as  that  of  the 
carbon,  the  net  result  being  that  the  carbon  particles  are 
drawn  apart,  and  have  fewer  points  of  contact  with  each  other. 
The  number  of  complete  chains  is  thus  diminished,  and  the 
resistance  of  the  mass  consequently  increased. 

It  is  stated  in  Balfour  Stewart's  '  Treatise  on  Heat,'  upon 
the  authority  of  Kopp,  that  sulphur,  after  being  heated  to  a 
certain  temperature,  contracts  instead  of  expanding.  This 
would  account  for  the  fact  that,  after  attaining  a  certain  tem- 
perature, the  resistance  of  the  mixture  begins  once  more  to 
decrease;  for  the  carbon  particles  would,  when  the  sulphur 
contracts,  be  brought  together  again. 

Several  experiments  corroborate  this  explanation  of  the 
variation  of  the  resistance.  Thus  a  mixture  was  made  con- 
taining 3  parts  of  shell-lac  to  2  of  graphite.  Though  the 
proportion  of  carbon  was  larger  than  in  the  sulphur  experi- 
ments, its  resistance  was  found,  as  was  expected,  to  be  infi- 
nite; for  the  structureless  shell-lac  penetrated  between  and 
completely  surrounded  the  carbon  particles.  A  mixture  of 
paraffin  and  graphite  gave  the  same  result. 

A  short  rod  of  the  usual  sulphur-and-graphite  compound  (20 
parts  to  9)  was  fitted  with  platinum-wire  electrodes;  and  its 
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resistance  in  the  air  at  17°  was  found  to  be  3170  ohms.  The 
rod  was  immersed  in  a  beaker  of  turpentine  at  the  same  tem- 
perature, and  its  resistance  ahnost  immediately  went  up  about 
800  ohms;  and  in  five  minutes  it  was  somewhat  higher. 
Tliough  this  result  did  not  at  first  appear  to  be  easily  intelli- 
gilile,  it  is  fully  explained  h\  supposing  that  the  liquid  pene- 
trated between  the  sulphur  crystals  and  surrounded  the  carbon 
particles.  In  order  to  increase  the  eflpect,  the  beaker  of  tur- 
pentine containing  the  rod  was  placed  under  the  receiver  of 
an  air-pump  and  the  air  exhausted.  After  remaining  for  a 
quarter  of  an  hour  in  a  vacuum,  air  was  admitted,  and  another 
quarter  of  an  hour  was  allowed  for  the  action  of  the  atmo- 
spheric pressure.  At  the  expiration  of  this  time  its  resistance 
was  found  to  have  increased  to  15,600  ohms,  about  iive  times 
as  great  as  it  was  originally.  The  rod  was  then  placed  upon 
blotting-paper;  and  three  days  afterwards  its  resistance  was 
2970  ohms,  the  temperature  of  the  air  being  10°.  This  was 
200  ohms  lower  than  when  it  was  first  made;  but  the  tem- 
perature was  one  degree  lower. 

Thinking  that  the  oil  of  turj^entine  might  possibly  have  had 
some  action  on  the  sulphur,  I  repeated  the  experiment  \N"ith 
olive-oil.  On  first  immersion,  the  resistance  went  up  from 
2970  to  3150  ohms,  and  in  six  minutes  to  3770  ohms.  It 
was  then  left  in  a  vacuum  for  foi'ty-five  minutes,  after  which 
the  air  was  admitted,  though  the  etfervescence  had  not  even 
then  quite  ceased  ;  and  when  measured,  after  sufficient  interval 
to  allow  the  oil  to  peneti'ate,  its  resistance  had  increased  to 
8140  ohms.  The  comparative  smallnessof  the  effect  produced 
in  this  latter  experiment  was  probably  due  to  the  greater  vis- 
cidity of  the  oil. 

Lastly,  since  the  behaviour  of  the  sulphur-and-graphite 
mixture  under  the  influence  of  heat  seemed,  like  that  of  the 
microphone,  to  depend  upon  the  interaction  of  contiguous 
particles  of  carbon,  it  was  expected  that  one  of  the  sulphur- 
cells  before  described  might  be  used  as  a  telephone-transmitter. 
This,  upon  trial,  was  found  to  be  the  case.  With  a  single 
Leclanche  the  sounds  reproduced  in  the  receiving-telephone 
were  feeble  ;  but  well-known  nursery-rhymes  were  easily 
recognized.  When,  however,  twenty  Leclanches  wei'e  used, 
the  sounds  ^\el■e  much  louder  and  the  articulation  perfectly 
distinct.  No  experiments  whatever  have  yet  been  made  with 
the  view  of  developing  this  property;  and  there  can  be  little 
doubt  that  it  is  capable  of  extension.  It  is  not  impossible 
that  a  transmitter  constructed  upon  this  principle  might  be 
found  to  be  of  practical  value;  and  it  is  entirely  different,  at 
least  in  appearance,  from  any  thing  which  bag  been  made 
before. 
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The  sulphur-cell  might  also  perhaps  be  used  as  a  thenuo- 
scope,  being  simpler  and  more  easy  to  construct  than  an 
ordinary  thermopile. 

It  has  recently  been  proposed  to  use  mixtures  of  sulphur 
and  graphite  for  making  cheap  resistance-boxes.  It  is  needless 
to  point  out  that  the  great  sensitiveness  of  such  compounds  to 
small  changes  of  temperature  renders  them  very  unsuitable 
for  such  a  purpose. 


XLIIL  On  a  Separator  and  a  Shunt  for  alternate  Currents  of 
High  Tension.  By  WiLLiAM  Spottiswoode,  M.A.,  LL.D., 
D.C.L.,  President  of  the  Royal  Society*. 

[Plate  IX.] 

IN  a  former  communication  (Phil.  Mag.  1879,  vol.  viii. 
p.  390 ;  see  also  Proceedings  of  the  Royal  Institution, 
March  1882)  I  described  a  mode  of  exciting  an  induction- 
coil  by  means  of  an  alternate  magneto-electric  machine.  The 
machine  then,  and  at  present,  used  for  the  purpose  was  one 
by  De  Meritens.  It  answers  its  purpose  perfectly;  but  it  is 
not  improbable  that  other  alternate  machines  might  also  suc- 
ceed. The  method  offers  various  advantages,  several  of  which 
are  described  in  the  second  paper  to  which  reference  is  made 
above ;  but  it  also  presents  one  considerable  disadvantage — 
namely,  that  the  currents  produced  in  the  secondary  circuit 
are  alternate  in  direction  as  well  as  in  time.  For  some  pur- 
poses this  is  of  no  consequence ;  but  for  others,  such  as  expe- 
riments with  vacuum-tubes,  it  gives  rise  to  inconvenience  by 
the  production  of  two  opposite  discharges  of  the  same  strength 
through  the  tube.  As  these  succeed  one  another  with  great 
rapidity,  both  sets  are  visible  together,  and  by  their  presence 
they  mask  the  very  effects  which  are  the  subject  of  study. 

With  a  view  to  remedy  this  defect  many  contrivances  were 
devised  ;  and  among  them  it  is  difficult  to  decide  how  much 
is  due  to  my  assistant,  Mr.  P.  Ward,  and  how  much  to  myself. 
But  it  is  right  to  state  that  much  credit  is  due  to  him  for  many 
valuable  suggestions  in  principle,  as  well  as  for  the  instru- 
mental construction. 

The  first  object  proposed  was  to  get  rid  of  one  set  of  dis- 
charges, either  by  preventing  its  passage  by  means  of  resist- 
ances, or  by  diverting  it  from  the  tube  into  a  different  channel. 
The  main  principle  of  which  we  availed  ourselves  for  this  pur- 
pose was  found  in  the  known  property  of  vacuum-tubes,  that 
a  discharge  is  more  easily  effected  when  the  negative  terminal 

*  Communicated  by  the  Author. 
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is  large  than  when  it  is  small.  This  property  is  doubtless  well 
known  to  most  persons  who  have  experimented  in  this  field; 
but  I  am  not  aware  of  any  special  experiments  made  for  the 
purpose  of  examining  the  subject.  De  La  Rue  and  others 
have  noticed  that  Avith  a  large  negative  terminal  the  amount 
of  surface  covered  by  the  glow  depends  upon  the  strength  of 
the  current;  and  Goldstein  has  mentioned  that  the  dimensions 
of  the  dark  space  immediately  round  the  negative  terminal 
depend  upon  the  size  of  that  terminal.  Pursuing  the  ([ues- 
tion  of  the  connexion  between  facility  of  discharge  and  the 
size  of  the  terminals,  we  found  not  only  that  the  facility  de- 
pended less  on  the  relative  than  on  the  absolute  magnitudes, 
but  also  that  the  size  of  the  positive  may  be  reduced  indefi- 
nitely without  interfering  with  the  discharge.  Indeed,  when 
we  reflect  on  the  appearance  of  the  discharge  under  ordinary 
circumstances,  and  consider  that,  whatever  be  the  size  or 
shape  of  the  positive  terminal,  the  discharge  at  that  end 
always  proceeds  as  from  a  point,  then  we  are  almost  brought 
a  prio7'i  to  the  conclusion  that  the  positive  terminal  itself  may 
be  reduced  to  a  point  without  affecting  the  discharge.  The 
reverse,  however,  is  the  case  with  the  negative  terminal ;  for, 
without  entering  more  deeply  into  the  question,  it  is  clear 
that,  if  we  reduce  the  surface  of  that  terminal  below  the  extent 
which  would  have  been  covered  by  the  glow  when  unrestricted, 
we  thereby  interfere  with  the  natural  development  of  the  dis- 
charge. In  accordance  with  this  consideration,  Ave  found  that, 
when  one  terminal  Avas  small,  in  that  one  the  discharge  \A'hich 
was  positive  passed  freely,  AA'hile  the  opposite  discharge 
failed  altogether  to  pass  ;  and  thus  in  this  case  the  problem, 
as  it  Avere,  soh-ed  itself.  The  same  results  Avere  obtained  even 
Avhen  one  terminal  Avas  reduced  to  a  mere  point.  Acting  on 
this  principle,  Ave  inserted  a  tube,  having  one  A'ery  small  and 
one  large  terminal,  in  series  AA'ith  the  tube  AA'hich  Avas  the  sub- 
ject of  experiment ;  and  by  means  of  it  as  an  auxiliary  tube 
Ave  succeeded  in  shutting  off  one  set  of  currents  from  the 
main  tube. 

Another,  although  not  more  successful,  accessory  for  the 
same  purpose  AA^as  found  in  a  tube  furnished  Avith  a  series  of 
diaphragms  each  having  a  small  aperture,  Avith  a  tubular  pro- 
cess leading  from  it  and  coincident  AA^th  the  axis  of  the  tube. 
This  form  of  tube  is  kuoAAai  as  a  Holtz  tube;  and  it  possesses 
the  property  of  allowing  the  passage  of  discharges  directed 
toAvnrds  the  tubular  processes,  but  of  impeding  the  rcA^erse 
discharges.  Speaking  more  accurately,  each  of  these  aper- 
tures offers  resistance  to  the  passage  of  the  electricity  in 
either  direction,  but  more  so  to  that  in  AA'hich  the  end  of  the 
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tubular  process  is  positive  than  to  the  reverse.  In  some  cases 
this  is  sufficient  to  extinguish  the  discharge.  Advantage  was 
taken  of  this  fact,  by  using  a  tube  furnished  with  several  dia- 
phragms, behind  each  of  which  was  a  terminal  which  exposed 
a  minute  point  of  metal  only.  With  a  stronger  current  a 
greater  number  of  diaphragms  was  used  in  circuit ;  with  a 
weaker  current,  a  smaller  number;  and  we  were  thus  enabled 
to  adjust  the  resistance  to  the  strength  of  current  employed. 
When  several  diaphragms  were  used  the  resistance  became 
very  great. 

The  Holtz  tube,  although  in  some  ways  very  convenient  for 
use,  is  not  without  its  drawback;  for  the  narrow  tubular  pro- 
cesses offer  some  (and  not  inconsiderable  resistance)  even  to 
the  discharges  which  the}'  allow  to  pass.  This  inconvenience 
was  obviated  by  substituting  for  the  Holtz  tube  a  column  of 
glycerine  and  water  in  which  were  inserted  two  terminals,  one 
consisting  of  a  fine  point  and  the  other  of  a  plate.  The  rod 
which  terminated  in  the  point  could  be  raised  or  lowered 
according  as  it  was  required  to  increase  or  to  diminish  the 
length  of  the  column,  and  thereby  the  resistance  employed. 
By  mixing  the  water  and  the  glycerine  in  various  proportions, 
the  resistance  of  the  column  could  be  varied  within  very  wide 
limits  ;  and  by  making  the  mixtwe  as  weak  as  possible  com- 
patibly with  the  requirements  of  the  case,  the  instrument,  or 
electrical  valve  as  it  may  be  termed,  could  be  made  one  of 
extreme  delicacy. 

The  next  step  consisted  in  turning  to  account  the  set  of 
currents  which  had  hitherto  been  merely  shut  off  and  not 
utilized.  The  arrangement  whereby  this  Avas  effected  will  be 
best  understood  by  the  diagram  (Plate  IX.  fig.  1).  A  and  B 
are  the  two  terminals  of  the  coil;  C  and  D,  two  glycerine-and- 
water  valves  :  E,  a  glycerine  shunt ;  F  and  G,  two  tubes,  or 
other  passages  for  the  currents.  When  the  current,  positive 
at  A,  enters  C,  it  passes  through  the  valve  to  the  tube  F, 
and  thence  to  the  opposite  terminal  B  of  the  coil.  When  the 
current  is  negative  at  A,  it  is  unable  to  pass  throuo-h  the 
valve  0,  and  it  is  diverted  to  the  tube  G.  The  same  current, 
positive  at  B,  passes  through  the  valve  D,  also  to  the  tube  G. 
The  complete  instrument  may  be  called  a  separator. 

Thus  far  we  have  succeeded  in  separating  the  two  sets  of 
currents,  and  in  diverting  one  set,  so  as  to  make  use  of  them 
in  a  second  tube  or  other  channel.  We  have  in  fact  disen- 
tangled the  two  sets;  but  we  have  done  this  at  the  expence  of 
either  making  use  of  only  one  set,  or  at  best  of  making  use  of 
both  in  two  separate  tubes.  It  is,  however,  but  seldom  that 
more  than  one  tube  is  required  at  the  same  time  for  experi- 
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mental  purposes;  so  that,  although  the  last-mentioned  arrange- 
ment might  serve  for  a  display,  it  can  hardly  be  said  to  give 
much  promise  of  practical  utility. 

We  next  devised  another  plan  whereby  both  sets  of  currents 
can  be  turned  to  account  in  the  same  tube  with  much  advan- 
tage. If  instead  of  two  tubes  we  take  a  single  tube  and  fur- 
nish it  Avith  (avo  sets  of  terminals,  then,  if  we  connect  one  pair 
of  terminals  of  the  separator  with  one  pair  of  terminals  of  the 
tube,  and  the  other  pair  of  the  separator  with  the  other  pair  of 
tube,  in  such  a  way  that  both  sets  of  currents  enter  the  tube 
at  the  same  end,  we  shall  have  a  double  set  of  discharges  in 
the  same  direction  through  the  tube. 

It  was,  however,  further  found  that  it  was  not  necessary  to 
have  four  terminals  in  the  tube ;  for,  taking  advantage  of  the 
difficulty  in  effecting  a  discharge  when  the  negative  terminal 
is  small,  we  fixed  two  very  small  terminals  near  one  end  of 
the  tube  and  one  large  one  at  the  other.  AVe  then  connected 
the  two  small  terminals  directly  with  the  two  sides  of  the 
machine  respectively  (that  is,  before  the  currents  entered  the 
separator),  and  the  one  large  terminal  with  the  two  sides  of  the 
machine  after  the  currents  had  been  led  throuo-h  the  two 
branches  of  the  separator  respectively.  This  effected  the 
oljject  desired  ;  for,  in  the  first  place,  there  Avas  no  tendency 
in  the  discharge  to  pass  from  one  small  terminal  to  the  other 
on  account  of  the  principle  above  quoted;  secondly,  there  Avas 
no  tendency  in  the  current  to  become  short-circuited  at  the 
single  large  terminal,  on  account  of  the  difficulty  in  the  pas- 
sage of  the  current  backAvard  through  either  branch  of  the 
separator.  Consequently  CA'ery  current  issuing  from  the 
machine  Avas  obliged  to  pass  to  one  or  other  of  the  small  ter- 
minals, and  thence  through  the  tube  to  the  large  terminal  at 
the  other  end.  The  scheme  of  the  connexions  to  the  A'arious 
parts  of  the  apparatus  Avill,  hoAvcA^er,  be  best  understood  by 
reference  to  the  diagram  (Plate  IX.  fig.  2). 

The  arrangement  may  therefore  be  said  to  have  completely 
soh'ed  the  problem  of  producing  unidirectional  discharges 
through  a  tube  from  an  alternating  machine,  and  at  the  same 
time  utilizing  all  the  currents  from  the  machine.  The  method 
has  also  the  advantage  of  making  the  number  of  currents 
discharged  through  the  tube  in  a  given  time  double  that 
Avhich  Avould  have  been  discharo-ed  if  one  set  of  currents  had 
been  merely  diverted  as  in  the  arrangement  first  described. 

But  beside  shunting  off,  or  diverting,  one  set  of  currents,  it 
was  often  desirable  to  reduce  the  strength  of  the  Avhole  to  suit 
the  condition  of  the  tube  or  the  circumstances  of  the  experi- 
ment.    The  readiest  method  of  effecting  this  appeared  to  be 


Sir  James  Cockle  on  Tran-^forniation.  857 

to  introduce  a  resistance  in  the  primary  circuit.  But  this 
proved  to  be  wanting  in  the  delicacy  required  ;  and  it  was 
found  necessary  to  operate  directly  on  the  secondary.  Mr. 
De  La  Rue  had,  it  is  true,  already  constructed  a  platinum- 
wire  resistance  of  1,000,000  ohms;  but  even  this  amount  was 
insufHcient  for  our  present  purposes,  while  its  cost  was  almost 
prohibitory.  Colunnis  of  acidulated  water  proved  very  effec- 
tive; but  they  were  open  to  the  objections,  first,  of  heatiucr 
during  use,  and,  secondly,  of  evaporation  of  the  water  at  all 
times.  Both  of  these  actions  tended  to  diminish  the  resistance 
of  the  column. 

Mr.  De  La  Eue  had  also  constructed  a  resistance,  consisting 
of  a  thin  film  of  plumbago  spread  upon  ebonite  ;  but  the  cur- 
rent heated  the  plumbago  to  such  an  extent  that  the  ebonite 
was  burnt.  The  instrument  in  question  was  therefore  never 
used.  Mr.  Ward  suggested  the  employment  of  slate  instead 
of  ebonite ;  and  accordingly  he  constructed  the  instrument 
actually  in  use,  and  represented  in  fig.  2.  The  slab  of  slate  is 
about  two  feet  in  length  and  two  inches  in  breadth.  It  is 
fixed  at  an  angle  of  about  30°  to  the  horizon,  the  inclination 
being  so  adjusted  that  a  block  of  lead,  which  serves  as  a  con- 
tact piece,  will  slide  freely  down  the  inclined  plane.  A  fine 
wire  attached  to  the  block,  and  passing  over  a  pulley  at  the 
upper  end,  regulates  the  length  of  the  plumbago  actually  in 
circuit.  It  is  found  most  convenient  to  use  this  instrument 
(which  proves  to  be  one  of  great  delicacy)  as  a  shunt. 

A  more  convenient  form  of  this  instrument  consists  of  a 
vertical  rod  of  ground  glass,  porcelain,  or  other  incombustible 
nonconductor,  having  its  surface  slightly  roughened  so  as  to 
hold  the  plumbago.  One  terminal  consists  of  a  double  slider 
capable  of  being  elevated  or  depressed,  and  making  good  con- 
tact, either  by  a  spring  or  by  gravity,  with  the  plumbago  film. 


XLIV.  Note  on  Transformation. 
By  Sir  James  Cockle,  M.A.,  F.R.S.,  F.R.A.S.,  ^-c* 

54.  TN  my  i-ecent  papers  (see  the  Numbers  for  September 
•J-  1881  and  for  January  last)  the  details  of  calculation 
are  kept  within  narrow  limits.  There  are,  however,  various  in- 
dependent sources  of  verification,  viz.  substitution,  reducibility 
of  radicals,  comparison  of  formulas  with  other  results  and  with 
each  othei-,  and,  finally,  an  actual  transformation. 

55.  In  art.  2  put  e  =  a;  the  formultB  of  arts.  8,  9  hold  for  all 
values  of  v^  Put  a,/\h  =  e,[/,k;  the  like  is  true,  and  the 
*  Communicated  by  the  Author. 
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transformed  equation  is  free  from  a^.  Put  a,e=^l  and  h,  ^=0; 
the  factors  are  in  arithmetical  progression,  as,  by  art.  13,  the}' 
should  be.     Put  A,  E  =  l,  2;  then  art.  19  gives 

P2=0,     Q2  =  4  +  9M-12L,     E2  =  32  +  18N-3M, 

S2=6N  +  12. 


Hence 
and 


2B2=16  +  12(L-M  +  N)  =  16  +  12Z», 


6C2=12L-6M  or  C2=^  +  L-N; 

and  the  first  two  conditions  of  art.  20  are  satisfied,  as  is  the 
last;  for,  by  art.  18,  h2  =  h  +  2. 

56.  Since  rj  and  7?2  are  to  be  taken  as  one-valued  when  the 
quantities  in  terms  of  which  they  are  expressed  are  so  taken, 
we  infer  that  the  radical  in  arts.  10  and  17  means  the  appro- 
priate root,  not  either  root  indifferently,  and  that  the  root  can 
be  rationally  expressed.  This  is  the  case  ;  irrationality  has 
disappeared  from  all  our  results. 

57.  Multiply  the  products  «i«2  awd  ^i^^^  wherein  the  factors 
are  in  order  of  magnitude,  into  7.  If  we  preserve  the  order, 
we  get  six  configurations,  viz.  7«i«2j  *i7«2)  "i^zy?  ^'^^  yl^\^2^ 
AtAj  /3i/327.  Assume  that  there  is  a  value  of  y  which  will 
make  one  of  the  a  set  and  also  one  of  the  yS  set  an  arith- 
metical progression.  We  get  nine  mutually  exclusive  but 
severally  possible  pairs  of  relations,  of  which  one,  for  example, 
is 

a2  +  7=2ai,     /32  +  y=2/3i: 
whence 

4«i-2«2=4/3i-2/32or3I=3J  +  U.     .     .     (14) 

Let  a,  be  taken  to  represent  D  — a,  and  we  thus  obtain  by 
Boole's  algorithm  a  result  included  in  those  of  art.  50.  The 
same  thing  holds  for  the  remaining  eight  cases. 

58.  This  last  verification  indicates  that  a  factor  always  dis- 
appears from  (13),  and  that  the  solution  •770=  ~1  must  be  ex- 
punged from  art.  53;  for,  by  art.  36,  («  =  0.  In  the  numerator 
of  (13)  of  art.  50  change  I)  into  D  — 3,  or,  rather,  omit  the 
transformation  by  which  D  has  replaced  the  D  — 3  which  would 
otherwise  have  remained  there.  A  factor  will  disapjDear  if 
any  one  of  the  nine  expressions  4a)  +  3(J  + 1),  4ct)  +  3I, 
4&)  +  3  J,  0)  vanishes.  But  these  conditions  coincide  with  those 
of  arts.  33,  34,  and  with  those  implied  in  art.  57. 

59.  The  introduction  of  the  arithmetical  progression,  while 
it  affords  a  good  verification,  restricts  generality.     Putting 

B  =  A-i,     A  =  0  +  ^2-1,     z=x'^X~\ 
/(A,  B,  I)  =  (A  +  2B)(A-B  +  |I)(A-B-|I), 
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I  find  that  the  binomial  terordinal  deducible  from  that  in  z 
(arts.  16,  17)  is 

/'(A,B,I)^4-/(A  +  2a),  B-a),J>3r=0,    .     .     (15) 

from  which  a  factor,  viz.  A  +  2B,  may  be  made  to  disappear. 

60.  Getting  rid  of  this  factor,  putting  Z  =  x~^^,  and  a^ 
(which  is  arbitrary)  =  1,  and  changing  x^  into  o)^,  we  are  led  to 

(D  +  iI)(D-iI)Z  +  (D  +  2a>  +  iJ)(D  +  2a>-iJ)a-2Z  =  0. 

61.  But,  the  restriction  entailed  by  the  progression  being 
removed,  we  can  employ  both  the  values  of  co  given  in  art.  42, 
and  so  obtain  two  equations  either  of  which  is  a  transforma- 
tion of  the  other. 

62.  In  verification  I  add  that,  by  a  further  application  of 
Boole's  process,  these  two  equations  may  be  put  under  the 
respective  forms 

(D-/Si)(D-/32)w2  +  (D  +  U-«i-2)(D  +  U-«2-2>f''^M2=0, 

and  that  one  of  these  forms  is  a  transformation  of  the  other, 

1-- 
viz.  U2  =  (l+x'^)    ^u. 

63.  If  in  1)2=  —ViiVi  +  3)  we  for  7)2  substitute  3— J^'Bj  and 
reduce,  we  get 

&{i  +  3a)(ft)  +  l)}{^'  +  3(&)  +  2)((y  +  3)}=0;     .     .  (16) 

and  from  (N2-L2)-'(C2  +  ^2)  =  3-^2"'B2  we  get 

(6  +  3a)(Q>  +  l)}{6(n-l)  +  (a)  +  3)(N-L)}=0.   .   (17) 

64.  Both  (16)  and  (17)  are  satisfied  if  b  +  Sco{co  +  l)  =  0. 
This  is  the  solution  which  I  have  discussed.  They  are  also 
both  satisfied  if  Z>  =  0  and  to +  3  =  0.  This  solution  is  inad- 
missible; for  it  would  make  972  a  vanishing  fraction.  There 
remains  the  system 

J  +  3(a)  +  2)(a)  +  3)  =  0,  1  . 

Z.(n-l)  +  (w  +  3)(N-L)  =  0;J        '     '     ^     ) 

which  is  important,  but  which  I  shall  not  discuss  in  these 
pages.  The  latter  solution  of  art.  26  is  not  irrelevant  to  the 
By  stem  (18). 

2  Sandi'iugliam  Gardens,  Ealiug, 
jNIarcli  14,  1882. 


Hrratimt. 

Vol.  Xll.  p.  196,  art.  36,  lines  10, 11,  transpose  "  one  is  "  and  ''  two  are  " 

and  in  line  12  dele  inteo:ers. 


-c"- 


2E2 


[     360     ] 


XLV.  On  the  Fluid  Density  of  certain  Metals.  By  W.  Chandler 
Roberts,  F.R.S.  and  T.  Wrightson,  Memh.  Inst.  C.E.* 

[Plate  VII.] 

AT  a  Meeting  of  the  Physical  Society,  on  February  12, 
1881 1,  ■vve  communicated  the  results  of  certain  experi- 
ments, made  with  the  aid  of  the  oncosimeter,  on  the  fluid 
density  of  bismuth,  in  which  we  showed  that  the  densities  in 
the  fluid  and  cold  solid  states  are  respectively  10*055  and  9'82, 
the  fluid  density  thus  being  2*4  per  cent,  higher  than  the  cold 
solid.  These  determinations  correspond  closely  with  results 
that  had  been  obtained  by  one  of  us,  using  the  "  cone"  method 
devised  by  Mr.  Malleti.  For  the  sake  of  convenience  we 
here  reproduce  our  results  on  bismuth. 


Weight,  in 

Specific  gra- 
vity of  cold 
ball,  inclu- 
ding the 
stem. 

Floating 

No.  of 
expt. 

Diameter 

of  ball, 
in  inches. 

troy  ounces, 
including 
the  stem 

for  attach- 
ment. 

effect  on 
first  im- 
mersion, 
in  troy 
ounces. 

Deduced 
specific  gra- 
vity of  fluid 
metal. 

Remarks. 

r 

Bismuth  ball 

31. 

2 

23-33 

9-72 

10 

10-13  \ 

in  fluid  bis- 
muth. 
Iron  ball  in 

32. 

2-25 

22-184 

6-99  (iron) 

9-3 

9-92  ] 

fluid    bis- 
muth. 
Bismuth  ball 

33. 

do. 

33-46 

^9-755 

1-3 

1011  j 

in  fluid  bis- 
muth. 

34. 

do. 

33-37 

9-757 

■6 

9-94 

do. 

35. 

do. 

33-53 

9-774 

•7 

9-98 

do. 

Iron  ball  in 

36. 

do. 

22-184 

7-02  (iron) 

10-2 

10-25  ■ 

• 

fluid  bis- 
muth. 

Mean  

...  10055 

J 

ispecific  gi-avi 

ty  of  solid  b 

ismuth 

...     9-82 

Since  these  results  were  published  we  have  extended  the 
experiments  to  the  following  metals — copper,  lead,  tin,  zinc, 
silver.     The  results  are  now  submitted  to  the  Society. 

*  Communicated  by  the  Physica]  Society,  having  been  read  January 
28, 1882. 

t  Proc.  Phys.  See.  vol.  iv.  p.  195;  and  Phil.  Mag.  [6]  vol.  xi.  1881, 
p.  295, 

X  Proc.  Roy.  Soc.  vol,  xxii.  p.  .366,  and  vol.  xxiii.  p.  209, 
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DIAGRAM       N"  I 

.w.i)  e"*  iSHi 

_Ej:perunent    on  3  hrxxd.  BilUa  rntitai.   tth    hliutt   l.tjjt/jb. 

Note  .  Ttis   U/jd   was  vity  h^it    Jnfuuf   Kxp^  43 

fuul  ifrotluali^-  cooled    during  Exp^  4^  i-  46 


N9   45. 
„„  „.     of  Ball     11.  .  ■ 
miuht  of     do      84.  Oloi 
I"  Si^ituu)  e/fed        3.  loz 
Sp  Gr.  rWuA,  =  H  07"  30.31 
84   01 


N°  4-t. 
So  Gr.  of  BaLL     IV   8 
Wiight,  of    do       S3  Soz 
n^  Smhxng  t/fal  3.25. 

Sp  Gr  FhSui  =  10  8 '80  55 
83.8 


_  10.5 


=    W  38 

N"  4.3. 
Sp  Gr.  of  Bail      10.  7 
Weiuhi  of    do       83.  37oz. 
i'>  Sinking  tfftcV  3-  5<n.. 

Sp  Gr  Fluid,  --  10  7'79.87  _ 
83.37 


W  25 


DIAGRAM       N9  2 
Mny    18"'   1881. 

Eocparimentj  OTv  3    Tin    BaU   ineited   in   Fluid    Ttrt. 


N9  4-8 
Gr  ofBaR. 


miqhb  cf    do 
IfSJOantj  tffecl_ 
Sp  Gr  Flstid  — 


DIAGRAM       N°3. 
Ecq)eriTn&tl'  on  3  Pnrf  Silver  Ball  inuntrscd  TnFUiid' Silver 


A\^V^VS>M.«AV/'^~^V 


6  i 


N9  52. 

W.06S 

_, 74.8O07. 

I''  Smkinn  effici        4  .  I  oz. 
Sp  Or  F&ul  -  W. 068x70.7 


Sp.  Gr.  of  Ball 
Weight  of     dc 
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Copper. 

Six  experiments  were  made  with  the  oncosimeter*  on  copper; 
four  of  these  were  made  with  cast  copper  balls  2|''  diameter, 
one  with  a  cast-iron  turned  ball  2^'' in  diameter,  and  one  with 
a  copper  ball  3''  in  diameter.  The  first  four  were  made  with 
a  spring  that  lengthened  ^  inch  per  ounce  troy  ;  the  last  two 
with  a  more  sensitive  spring,  giving  ^  inch  elongation  per 
ounce  troy.  It  will  be  seen  by  the  accompanying  table  that 
the  fluid  density  does  not  vary  much,  although,  as  has  just 
been  stated,  the  conditions  were  varied. 


No.  of 
expt. 

37. 

Diameter 

of  ball, 

in  inches. 

Weight,  in 
troy  ounces, 
including 
the  stem 
for  attach- 
ment. 

Specific  gra- 
vity of  cold 
ball,  inclu- 
ding the 
stem. 

Sinking 
effect  on 
first  im- 
mersion, 
in  troy 
ounces. 

Deduced 

specific  gra- 
vity of  fluid 
metal. 

Remarks. 

2-25 

26-357 

8-23 

nil. 

8-23    ] 

Copper  ball 
in    fluid 

1- 

copper. 

38. 

do. 

27-005 

8-463 

-2 

8-4 

do. 

39. 

do. 

26-25 

8-288 

•5 

8-13 

do. 

40. 

do. 

25-923 

8-281 

•2 

8-217 

do. 

41. 

do. 

22-186 

7-02  (iron) 

Floating  effect 
3-5 

8-127  1 

Iron  ball  in 
fluid  copper. 

42. 

3 

64-237 

8-Gl 

Sinking  efiect 
3-0 

„{ 

Copper  ball 
in  fluid 
copper. 

Mean  

...  8-217 

Specific  gr 

avity  of  soli 

i  copper  

..  8-8 

The  mean  of  these  results  gives  8-217  as  the  density  of  fluid 
copper.  This  metal  melts  at  a  temperature  which  exceeds 
1000°  C,  and,  when  melted  in  air,  absorbs  oxygen.  We 
found,  for  this  reason,  that  it  was  not  possible  to  obtain  trust- 
worthy results  by  Mallet's  method,  even  though  the  cone  was 
filled  with  an  atmosphere  of  coal-gas. 

*  A  description  of  this  instrument  was  published  in  the  Journal  of  the 
Iron  and  Steel  Institute,  part  2, 1879,  p.  418. 
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Lead. 

Three  experiments  were  made  -srith  the  oncosimeter,  the 
results  being  as  follows: — 


No.  of 
expt. 


43. 
44. 

45. 


Diameter 

of  ball, 

in  inches. 


Weight,  mc.       -c  femkmg 

',        =■     '      Specific gra-l    „«>    ,  ^ 
itrov  ounces,    ^.,      j-^ii     enect  on 


3 
3 


Deduced 


including    1}  7,  -     ,      ;  first  im-     specific  era 

the  stem     baU,  inclu- ,  ^^^^j^^ 

for  attach-;    ^^^  "'^    I  in  troy 
.        1      stem, 

ment.      '  i  ounces. 


vity  of  fluidj 
metal.      I 


Remarks. 


83-37  '  10-7 
83-8  j  10-8 
84-01  11-07 


3-5 

3-25 

3-7 


10-25  I 
10-38 


Lead  ball  in 
fluid  lead. 


do. 
{ .  do. 

10-5    \    Fluid  lead 
getting  cold. 


Mean  10-37, 

Specific  gravity  of  solid  lead    11-4 


A  mean  of  two  experiments  on  lead,  made  on  Mallet's 
system,  gave  10*65  as  the  liquid  density,  the  results  being 
10"63  and  10*66  respectively. 

The  diagram  No.  1  (Plate  VII. ),  gives  the  results  of  the 
experiments  on  lead ;  and  the  calculations  of  fluid  density  are 
in  each  case  attached,,  the  point  a  indicating  in  each  the 
position  taken  as  giving  the  true  initial  sinking  effect  at 
the  moment  of  immersion. 

Tin. 

Two  experiments  were  made  with  the  oncosimeter,  with  the 
following  results: — 


No.  of 
expt. 

Diameter 

of  ball, 

in  inches. 

Weight,  in 
troy  ounces, 
including 
the  stem 
for  attach- 
ment. 

Specific  gra- 
vity of  cold 
ball,  inclu- 
ding the 
stem. 

Sinking 
effect  on 
first  im- 
mersion, 
iu  troy 
ounces. 

Deduced 
metal. 

46. 
47. 
48. 

3 

Failure. 

3 

55-66 
55-66 

7-165 

7-185 

1-1 
1-2 

7*02. 
7-03 

Tin  ball  in 
fluid  tin. 

do. 

Snecific  crravitv  nf 

Mean  

solid  tin 

...  7-025 
...    7-5 

'■ 

-  o-  —  ' — J    — 
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The  diagram  No.  2  is  reduced  from  the  oucosimeter  diagram, 
experiment  48. 

A  mean  of  three  experiments  on  tin,  made  on  Mallet's 
method,  gave  G*97'i  as  the  liquid  density — the  results  being 
6-903,  ^■'d^'2,  and  6-97G  rospectivelj. 

Zinc. 

Three  experiments  were  made  with  the  oncosimeter  on  this 
metal,  the  results  being  tabulated  below: — 


■»T       J.  Diameter 
^°-^°ft  ofball, 
^"  ■    in  inches. 


Weight,  in 


1  !o      -o  \    Sinking 

troy  ounces,  ^P«"^°g;,^l    effect  on  Deduced    | 

"^°1"'^'"S  Ibail.indu-     ^''^}'''-  ^Pf^^VT^;'  Remarks. 

mersion,  Tityofflmdj  •^'^'""^'^''• 

in  troy  'metal,      i 


the  stem 
for  attach- 
ment. 


49. 
50. 
51. 


3 
.3 
3 


j  52-52 
52-58 
52-32 


ding  the 
stem. 


ounces. 


6-893 
6-901 
G-903 


2-4 


3-75 


6-.57 
6-47 
6-4 


Zinc  ball  in 
fluid  zinc. 

do. 
do. 


Mean  G-48 

Specific  gravity  of  solid  zinc  6-8  to  7-2  (Rankine). 


The  crucible  was  kept  in  the  furnace  during  the  three 
experiments,  and  maintained  as  nearly  as  possible  at  the  same 
temperature  throughout. 

Only  one  determination  of  this  metal  has  been  made  by 
Mallet's  method,  giving  a  liquid  density  of  6*55, 

Silver. 

We  looked  with  much  interest  to  the  experiments  on  the 
density  of  molten  silver  for  several  reasons — mainly  from  the 
fact  that  it  melts  at  a  high  temperature,  which  has  been  deter- 
mined with  oreat  care  by  the  late  Henri  Ste  Claire  Deville, 
who  in  his  later  experiments  on  the  subject  fixed  the  tempe- 
rature at  940°  C.^  We  operated  on  a  thousand  ounces  of 
silver,  which  proved  on  assay  to  contain  998  parts  of  pure 
silver  in  1000.  We  have  as  yet  only  secured  one  trustworthy 
result,  as  we  found  it  very  difficult  so  to  adjust  the  tempera- 
ture of  the  molten  silver  as  to  prevent  the  silver  balls  from 
melting  either  too  rapidly  or  too  slowly.  In  the  experiment 
No.  52,  in  which  w^e  did  secure  a  result,  the  metal  must  have 
been  just   about   its    melting-point,    as   at  the   end   of  four 

*  Comptes  Rendus,  t.  xc.  (1880)  p.  773. 
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minutes  the  silver  ball  had  not  entirely  melted  ;  the  experi- 
ment was  stopped,  however,  as  the  silver  began  to  solidif j  on 
the  iron  stem  of  the  ball. 

The  diagram  No.  3  is  reduced  from  the  original ;  and 
we  have  appended  the  calculation  for  fluid  density,  assuming 
the  position  of  equilibrium  at  first  immersion  of  the  ball  to 
be  at  point  a. 

The  particulars  of  the  experiment  are  as  follows: — 


3S^o.  of 
expt, 


of  ball 
iu  inches 


52. 


;  Weight,  in  ;,       .^ 

Diameter    •  •,    -,■      '  yitvof  cold 
including  . ,    i",    ■     i 
,,      ,     °   :  ball,  mchi- 
the  stem    i     ■,■'     ,, 

for  attach-!    ^^"'^  ^'^^ 

ment.      !      ^^""• 


74-8 


10-068 


Sinking 
effect  on 
first  im- 
mersion, 
iu  troy 
ounces. 


4-1 


Deduced 
specific  gra- , 
vity  of  fluid ' 
metal,      j 


'Eemarks. 


9-51 


Pure  silver 
ball  in  pure 
•  silver. 


The  liquid  density  of  pure  silver,  as  determined  by  one  of 
us""^,  on  Mallet's  method,  from  a  mean  of  two  experiments, 
giving  respectively  9'447  and  9"476,  was  9*46.  This  confirms 
the  single  result  obtained  by  the  oncosimeter. 

If  we  now  tabulate  the  mean  results  of  the  foregoing  expe- 
riments, as  well  as  those  previously  obtained,  we  shall  be  able 
to  compare  the  densities  according  to  the  two  methods  of  inves- 
tigation : — 


Fluid  density  of 

By  Mallet's  method. 

By  oncosimeter. 

Bismuth    

10-039 

10-65 
6-974 
6-55 
9-46 

10-055 
8-217 

10-37 
7-025 
6-48 
9-51 

CoDoer  

Lead 

Tin 

Zinc   

Silver 

The  difficulties  connected  with  the  working  of  the  oncosi- 
meter are  less  than  those  which  arise  in  Mallet's  method;  and 
the  sources  of  error  are  less,  the  correctness  of  the  result  in 
the  latter  depending  on  the  metal  in  the  cone  being  free  from 
air-holes. 

It  will  be  seen  from  the  above  table  that,  iu  the  case  of 


Roberts,  Proc,  Roy.  Soc.  vol.  xxiii.  p.  493, 
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the  five  metals  in  which  both  systems  were  tried,  the  resuhs 
correspond  as  closely  as  conld  be  expected,  taking  into  con- 
sideration the  great  difficulties  of  observation  at  the  high 
temperatures  employed.  We  therefore  venture  to  think  that 
the  oncosimeter  can  be  depended  upon  generally  for  the  deter- 
mination of  the  fluid  densities  of  metals,  if  the  experiments  are 
conducted  with  the  necessary  care. 

Taking  therefore  the  oncosimeter-results  as  approximately 
accurate,  we  find  the  change  of  volume  of  these  metals  in  pass- 
ing from  the  cold  solid  to  the  liquid  state  to  be  as  follows : — 


Metal. 


Bismuth 
Copper 
Lead    . . . 

Tin  

Zino 

Silver  ... 


Specific  gravity 
of  solid. 


Specific  gravity 
of  liquid. 


*Iron  (No.  4,  foundry,  !\ 
Cleveland)  '•  \ 


0-82 
8-8 

11-4 
7-5 
7-2 

10-57 

6-95 


10-055 
8-217 

10-37 
7-025 
6-48 
9-51 

0-88 


Percentage  of  change 

in  volume  from  cold 

solid  to  liquid. 


I 


Deci'easeof  vol. 

Increase  of  vol. 

do.       do. 


do. 
do. 
do. 


do. 
do. 
do. 


do.       do. 


2-3 

7-1 

9-93 

G-76 
11-1 
11-2 

1-02 


The  experiments  just  described  lead  us  to  believe  that, 
although  the  conditions  under  which  they  are  made  may 
render  it  impossible  to  obtain  results  that  are  rigidly  accurate, 
still  the  errors  are  inconsiderable.  It  has  been  urged  that  the 
unsoundness  or  porosity  in  the  casting  would  disturb  the  accu- 
racy of  the  results  ;  but  this  is  provided  against  in  each  case 
by  taking  the  specific  gravity  of  the  ball  operated  on,  its  iron 
stem  being  submerged  in  water  to  a  point  which  is  afterwards 
just  reached  by  the  molten  metal.  It  has  also  been  suggested 
that  the  expansion  of  the  ball,  when  it  enters  the  fluid  metal, 
causes  tension  on  the  metal  in  the  interior  of  the  ball,  and  that 
therefore  the  density  of  the  ball  (from  which  the  fluid  density 
is  determined)  can  never  be  trusted.  It  must  be  remembered, 
however,  that  the  determination  of  the  fluid  density  is  inade 
and  automatically  registered  at  the  moment  of  immersion, 
before  the  volume  of  the  ball  can  be  practically  affected. 

Since  our  last  paper  was  read,  we  have  seen  that  MM.  F. 
Nies  and  A.Winkelmannf  have  been  investigating  the  changes 
in  volume  of  certain  metals  when  melted.     Their  method  will 

*  Wriglitsou,  Journal  of  the  Iron  and  Steel  Institute,  No.  1  (1880), p.  20. 
t  SitzungsbericMe  del'  Akademie  der  Wissenschafien  zu  Milnchen,  1881, 
part  1,  p.  (33. 
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be  best  understood  by  a  short  description  of  the  way  in  which 
the  metal  tin  was  treated  by  them. 

Tin  was  melted  in  a  suitable  vessel,  the  melting-point  (viz. 
226°*5  C.)  being-  carefully  maintained.  Pieces  of  tin  were 
then  dropped  in,  and  observed  first  to  sink,  then  to  rise  before 
melting — showing  that  solid  tin  has  a  higher  specific  gravity 
than  the  liquid  mass,  but  that  when  its  temperature  has  been 
raised  to  the  melting-point,  or  rather  to  a  certain  temperature 
just  below,  then  it  is  specifically  lighter.  In  order  to  deter- 
mine this  relation,  they  enclosed  pieces  of  copper  (having  a 
higher  specific  gravity  than  tin)  in  pieces  of  tin,  and  were 
thus  able  to  increase  the  specific  gravity  of  the  solid  piece  at 
will;  and  although  not  able  to  determine  directly  whether  the 
compound  piece  was  of  the  same  density  as  the  liquid,  the 
latter  not  being  transparent,  yet  by  varying  the  amount  of 
copper  enclosed  in  the  tin,  thus  forming  pieces  of  a  different 
density,  they  were  enabled  to  say  that  it  lay  between  the 
two  limiting  values.  Compound  pieces  with  varying  and 
known  amounts  of  copper,  thus  formed,  were  placed  on  the 
surface  of  the  liquid  tin  for  some  little  time,  then  dipped 
under  the  surface;  and  it  was  noted  whether  they  rose  again 
or  not.  The  pieces  were  each  then  carefully  taken  out  again 
and  weighed,  to  ascertain  that  no  part  had  been  melted. 
This  was  continued  until  they  found  two  compound  pieces 
such  that,  at  a  temperature  just  below  the  melting-point,  one 
would  just  rise  and  the  other  would  just  sink. 

If,  then,  the  relative  densities  of  the  liquid  tin  and  the  copper 
at  the  temperature  of  liquid  tin  could  be  ascertained  by  expe- 
riment, the  relati^•e  density  of  the  solid  tin  just  below  melting- 
point  and  the  liquid  tin  can  be  calculated. 

A  copper  ball  was  heated  to  the  temperature  of  the  melting 
tin,  and  weighed,  first  in  air,  then  in  the  liquid  tin.  The  rela- 
i'we  densities  being  thus  ascertained,  the  calculations,  which 
we  need  not  give  here,  are  of  a  simpler  character. 

In  the  case  of  tin,  they  found  that  the  liquid  is  of '7  per  cent, 
greater  density  than  the  hot  solid  at  a  temperature  just  below 
melting-point. 

This,  so  far  as  it  goes,  is  confirmatory  of  the  results  obtained 
by  us.  If  diagram  No  2.  be  examined,  it  will  be  seen  that  the 
line  of  volume  rises  gradually  to  the  line  of  equilibrium,  indi- 
dicating  expansion;  and  just  before  the  ball  melts  rises  above 
the  line,  indicating  a  floating  effect,  \^'hen  the  temperature 
approximates  to  the  melting-point. 

Tin  therefore  appears  to  be  similar  to  iron  ;  viz.  it  is  at 
its  maximum  density  when  cold,  and  at  its  minimum  density 
when  at  a  temperature  just  below  melting,  and  that  the  fluid- 
density  is  between  the  two. 
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The  results  obtained  by  MM.  Nies  and  Winkelmann  on  bis- 
muth will  servo  to  illustrate  the  degree  of  approximation  of 
these  limiting  values. 

A  piece  of  bismuth,  when  allied  with  a  platinum  block 
weighing  21"76  grammes,  sank  ;  and  another  piece,  weighing 
35*4  grammes,  floated;  which  is  equivalent  to  stating  that  the 
specific  gravity  of  the  melting  bismuth  is  between  10*28  and 
10-12. 

They  arrive  at  the  general  result  that  not  one  of  the  eight 
metals  they  examined  will  justify  the  assertion  that  "bodies 
contract  on  becoming  solid ;"'  but  the  experiments  rather 
favour  the  view  that  metals  when  solid,  at  a  temperature  dose 
■upon  their  melting-points,  are  less  dense  than  when  molten. 

Without  accepting  MM.  Nies  and  Winkelmann's  results 
as  final,  we  do  not  consider  them  to  be  opposed  to  our  own, 
as  theirs  relate  solely  to  the  ratio  of  the  densities  of  the  solid 
and  liquid  metals  at  as  nearly  as  possible  the  same  tempera- 
ture, while  our  experiments  were  undertaken  with  a  view  to 
determine  the  actual  density  of  a  metal  at  the  loioest  tempera- 
ture at  which  it  is  perfectly  liquid. 

XLVI.  Notices  respecting  New  Boohs. 

Geology  of  the  Environs  of  ToTcio. 
By  Prof.  David  BeIuxs,  Ph.D.,  M.D.  Tokio :  1881. 
T^HE  present  memoir  is  one  (Xo.  4)  of  a  series  published  by  the 
-^  Universitv  ol:  Tokio,  and  contains  a  description  of  the  Geology 
of  the  Environs  of  Tokio,  which  are  part  of  an  extensive  plain,  the 
largest  in  the  Japanese  Empire,  everywhere  constructed  on  the 
same  plan,  and  showing  essentially  the  same  formations,  which 
consist  of  alluvial,  diluvial,  and  Tertiary  deposits ;  the  bounding 
hills  and  mountains,  which  form  a  vast  quadrant,  are  composed  of 
Palaeozoic  and  various  crystalline  rocks. 

The  plain  or  plateau  of  Tokio,  although  not  much  elevated,  is 
iutei'sected  by  deep  cuttings  of  river-valleys  and  ravines  with  much 
alluvial  matter ;  from  which  it  occurs  that  all  the  dilu^dal  parts  of 
the  plain  appear  as  isles  or  peninsulas,  divided  from  one  ano- 
ther by  those  river-valleys  and  side  valleys  down  to  the  most 
minute  undulations  of  the  ground.  This  division  of  the  surface 
of  the  plain  is  of  the  highest  importance  for  agriculture — the  rice- 
fields  being  in  most  instances  confined  to  the  lower  or  alluvial 
tracts,  whilst  on  the  higher  level  we  find  the  cereals,  many  kinds 
of  beans,  the  plantations  of  tea,  of  the  mulberry-tree,  and  most  of 
the  small  forests.  According  to  the  author,  this  widely  spread 
plateau  must  have  been  deposited  by  the  sea  and  under  its  surface, 
and  therefore  inust  have  risen  above  the  level  of  the  sea  since  the 
diluvial  epoch  in  which  it  was  formed ;  for  it  is  to  be  noticed  that 
in  no  part  of  it  is  there  any  trace  of  glacial  deposits  or  of  glacial 
action. 
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Tlie  alluvial  and  so-called  diluvial  deposits  are  described  in  the 
second  and  third  chapters ;  in  the  latter,  organic  remains  are  not 
A'er^  numerous  in  the  environs  of  Tokio  ;  there  are  plant-remains 
of  surviving  species,  and  laud,  freshwater,  and  marine  Mollusca  of 
existing  Japanese  forms.  The  remains  of  mammals  are  rather 
limited :  bones  of  Deer  and  Cetacea  occur ;  also  two  species  of 
Elephants,  which  are  referred  to  Elejyhas  meridionalis  and  B.  anti- 
qmis,  forms  belonging  to  the  Glacial  and  Preglacial  fauna  of  Europe. 

The  succeeding  chapters  (4-7)  treat  of  the  Tertiary  deposits  of 
Oji,  Tokio,  Yokohama,  and  other  parts  of  Japan,  and  of  the  Mol- 
lusca  found  in  them,  which  are  all  living  species;  many,  however, 
are  not  now  found  in  the  neighbourhood  of  Japan,  nor  even  in  the 
Pacific.  In  many  respects,  Dr.  Brauus  says,  the  Japanese  shell- 
layers  have  the  greatest  resemblance  to  the  Craij,  and,  next  to  it, 
to  the  younger  Subapennine  deposits,  while  the  rocks  resemble 
very  closely  the  European  Faluns. 

AYith  the  memoir  are  given  some  sections  and  a  sketch  map  of 
the  environs  of  Tokio,  and  six  plates  of  fossil  shells,  which  are 
highlv  creditable  to  the  Japanese  artist,  Mr.  H.  Hirauchi,  who 
designed  the  illustrations. 

The  Theo)'y  of  Equatioiis ;  with  an  Introduction  to  the  Theory  of 
Binary  Algebraic  Forms.  By  W.  S.  Buenside,  M.A.,  and  A.  W. 
PA^'TO^*,  M.A.  Longmans,  Green,  and  Co. :  London.  Pp.  387. 
Stvdexts  of  Mathematics  are  greatly  indebted  to  the  authors  of 
this  work  for  having  combined  in  one  volume  the  substance  of  the 
best  standard  books  on  the  subject,  with  the  improvements  and  ex- 
tensions it  has  received  at  the  hands  of  modern  investigators,  whose 
memoirs  ha'^e  hitherto  been  chiefly  contributions  to  various  Mathe- 
matical Journals.  The  first  ten  chapters  comprise  all  the  essential 
propositions  included  in  the  best  treatises  on  the  Theory  of  Equa- 
tions. In  the  more  advanced  portions  of  the  subject.  Chapter  XI., 
on  Determinants,  and  Chapters  XIY.  and  XV.,  on  Covariants  and 
Invariants,  are  distinguishing  features  of  the  Avork.  To  beginners 
these  chapters  are  of  the  greatest  value,  not  only  on  account  of  the 
simple  and  lucid  manner  in  which  they  are  written,  but  the  care 
which  has  been  taken  to  place  before  the  student  the  most  recent 
improvements  in  this  Calculus. 

The  book  is  unusually  well  got  up  in  every  respect.  The  type, 
which  is  of  various  kinds,  is  remarkably  clear:  and  the  book 
altogether  a  triumph  of  the  printer's  art. 

Celestial  Objects  for  Common  Telescopes.  By  the  Eev.  T,  W.  "Webb, 
M.A.,  F.E.A.S.  Fourth  Edition,  493  pp.,  with  numerous 
figures.  London:  Longmans,  Green  &  Co.  1881. 
This  excellent  book,  every  page  of  which  teems  with  information, 
is  unquestionably  not  only  the  best  and  handiest  companion  for  the 
observatory,  but  also  for  the  amateur  who  studies  astronomy  for 
mere  amusement.  The  questions,  AVhat  is  to  be  looked  for?  and 
How  is  it  to  be  looked  for  ?  are  abundantly  answered  in  its  pages. 
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Aud  we  know  that  in  the  compilation  of  the  work  this  was  the 
main  object  of  its  anthor.  On  opening  it  for  the  first  time,  the 
student  cannot  do  better  than  turn  to  Appendix  I.  aud  roake  the 
corrections  indicated  there.  Mai*ked  and  important  features  of 
the  manual  are  a  map  of  the  Moon,  and  a  clear  and  not  over- 
cro\Aded  index  to  it,  Double  Stars,  Clusters,  and  Xebulse,  fi'om 
Struve's  famous  '  Catalogue.'  Smyth's  '  Cycle  of  Celestial  Objects,' 
and  the  more  recent  accurate  observations  of  Burnham  aud  others ; 
while  an  Appendix  contains  the  same  objects  placed,  for  the  sake  of 
convenience,  in  the  order  of  their  R.A. 

The  labour  bestowed  on  Part  III.  and  the  Appendices  uuist  have 
been  enormous  ;  and  great  praise  is  due  to  the  author  for  the  way  in 
which  it  has  been  accomplished.  Some  at  least  of  the  materials 
used  in  compilation  must  themselves  have  caused  great  trouble  by 
the  careful  sifting  they  needed.  Smyth's  '  Cycle  of  Celestial 
Objects,'  for  instance,  is  a  work  not  to  be  relied  on  for  general 
accuracy. 

AVith  regard  to  Part  II.,  we  may  note,  ea  passant,  what  appear 
pecidiar  faults  of  omission  and  commission  when  we  consider  what 
a  surprising  amount  of  detail  is  given  elsewhere.  No  mention  is 
made  of  Mercury's  distance  (35,500,000  miles)  from  the  Sun. 
Xeither  the  dimensions  of  Yenus  nor  her  distance  from  the  Sun  are 
given.  On  page  172  a  very  curious  and  puzzling  description  of 
Saturn  is  given.  Part  of  it  runs  thus : — "  The  Griobe.  Though  about 
69,200  m.  in  equatorial  diameter,  second  only  to  Jupiter,  and  about 
nine  times  larger  than  the  earth,''  &c.  We  are  afraid  that  young 
students,  not  kno\^ing  that  spheres  are  to  one  another  as  the  cubes 
of  their  diameters,  would  take  this  sentence  to  mean  that  Saturn 
is  only  nine  times  the  size  of  the  Earth.  The  rest  of  the  sentence 
is  simply  beyond  human  comprehension.  However,  the  book  amply 
fulfils  its  object,  and  ought  to  find  a  place  wherever  an  astrono- 
mical telescope  is  in  use,  whate^■er  its  range  may  be. 
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January  25,  1882.— R.  Etheridge,  Esq.,  E.R.S., 
President,  in  the  Chair. 

'T^HE  following  communications  were  read ; — 
-*-      1.  "  On  the  Eossil  Fish-remains  from  the  Armagh  Limestone 
in  the  Collection  of  the  Earl  of  Enniskillen."     By  James  "W.  Davis, 
Esq.,  E.C.S.,  F.L.S. 

2.  "  On  an  estinct  Chclonian  Reptile  (NotocJieh/s  cosfata.  Owen) 
from  Australia."'     By  Prof.  Owen,  C.B.,  F.R.S.,  F.G.S. 

3.  "  On  the  Upper  Beds  of  the  Fifeshire  Coal-Measures."'     By  the 
late  E.  W.  Binney,  Esq.,  F.R.S.,  F.C.S.,  and  James  W.  Kirkby,  Esq. 

These  beds  are  best  exposed  in  Fife,  between  the  mouth  of  the 
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Leven  and  East  Vemyss.  The  coal-field  of  the  latter  district  is  the 
most  northerly  piece  of  true  Coal-measures  iu  Britain ;  they  dip 
10°  E.,  or  even  less.  The  highest  member  (which  may  possibly 
be  even  later  than  the  Carboniferous  Period)  is  an  iinfossiliferous 
pm^jlish  sandstone,  full  200  feet  thick ;  nest  comes  soft  red  marl, 
12  feet,  followed  by  sands  (290  feet),  marls,  clays,  &c.  (100  feet),  and 
sandstones,  clays,  &c.,  with  thin  coals  and  limestones  (about  80  feet). 
Other  sections  were  also  described,  Xo  unconformity  has  been 
noticed  in  Fifeshire  between  these  and  the  underlying  measures. 
The  argillaceous  limestones  and  their  coals  are  fossiliferous ;  there 
are  a  few  fish  and  Crustacea,  and  many  plants,  with  some  curious 
markings,  which  may  be  rootlets  or  perhaps  algae.  The  last  occur 
only  in  a  limited  part  of  the  rock,  not  with  other  plants,  and  are 
very  delicate  and  membranous.  The  afiinities  of  these  were  fully 
discussed,  the  author  inclining  to  the  view  that  they  are  algae. 

February  8.— E.  Etheridge,  Esq.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read  : — 

1.  '•  Description  of  some  Iguanodon  Eemains  discovered  at  Brook, 
Isle  of  "Wight,  indicating  a  New  Species,  Iguanodon  Seelyi."  By 
J.  W.  Hulke,  Esq.,  F.R.S. 

2.  "  On  a  peculiar  Bed  of  Angular  Drift  on  the  high  Lower- 
Chalk  Plain  between  Didcot  and  Chilton."'  Bv  Prof.  J.  Prestwich, 
M.A.,  F.E.S.,  F.G.S. 

Febi-uary  22.— J.  AY.  Hulke,  Esq.,  F.E.S.,  President, 
in  the  Chair. 

The  follo"Wing  communications  wei-e  read : — 

1.  "Additional  Discoveries  of  High-level  Marine  Drifts  in  Xorth 
Wales,  with  Eemarks  on  Driftlcss  Areas."'  BvD.  Mackintosh,  Esq.. 
F.G.S. 

The  author  begins  with  remarks  on  the  importance  of  the  marine 
drift-area  (part  of  which  he  briefly  described  in  his  last  paper), 
especially  as  regards  its  great  extent,  and  the  absence,  so  far  as  yet 
known,  of  similar  high-level  drifts  (between  1000  and  1350  feet 
above  the  sea)  in  continental  Europe,  Asia,  or  North  America.  He 
lately  traced  the  drift-area  two  miles  further  south  than  he  had 
done  during  former  explorations,  its  entire  length  being  little  short 
of  5  miles.  In  this  paper  he  gives  a  detailed  description  of  the 
numerous  exposures  of  rounded  gravel  and  stratified  sand  between 
the  north  end  of  Minera  Mountain  and  Llangollen  Vale,  which  in 
some  places  spread  out  into  large  flat  expanses,  but  more  frequently 
assume  the  form  of  knolls  (frequently  in  perched  positions),  which 
rise  up  from  beneath  a  covering  of  clay  or  peat.  He  dwells  on  the 
probable  origin  of  the  knoll-shaped  configuration,  including  the 
theory  of  the  precipitation  of  the  drift  from  the  stranding  of  floating 
ice,  and  the  forcing-up  of  previously  deposited  drift  by  the  same 
agency,  but  inclines  to  the  idea  of  the  knolls  having  been  chiefly 
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accumulated  by  sea-currents.  The  author  then  describes  several 
large  areas  in  North  Wales  in  which  he  could  find  no  trace  of 
rounded  gravel,  enters  into  a  consideration  of  the  causes  of  these 
driftless  areas,  and  discusses  the  relative  merits  of  the  theoiy  of 
their  having  been  temporarily  occupied  by  land-ice,  and  of  the 
theory  of  non-exposui'e  to  tempestuous  seas,  or  seas  capable  of 
rounding  stones.  He  then  gives  an  account  of  the  discovery  of 
granite  boulders,  associated  with  partially  rounded  drift,  on  the 
summit  of  Moel  "Wnion,  1900  feet  above  the  sea  (near  Aber,  Xorth 
Wales) ;  and  endeavours  to  show  that,  while  they  could  have  been 
readily  transported  by  floating  ice  (probably  from  Scotland,  certainly 
not  from  Cumberland),  the  flow  of  land-ice  from  Snowdon,  ac- 
cording to  Eamsay,  along  the  north  face  of  Moel  Wnion,  must  have 
prevented  the  access  of  northern  land-ice  to  the  summit  of 
the  latter  mountain,  while  land-ice  flowing  from  Cumberland  to 
Anglesey  (according  to  Eamsay)  could  not  have  been  crossed  by 
land-ice  flowing  south  from  Scotland  to  Moel  Wnion.  After  re- 
ferring to  the  outward  direction  of  striiB  on  the  north  coast  of  North 
Wales,  he  concludes  by  giving  a  summary  of  facts  and  inferences, 

2.  "  On  some  Sections  of  Lincolnshire  Neocomian."  By  H.  Keeping, 
Esq.,  of  the  Woodwardian  Museum,  Cambridge. 

The  construction  of  the  Louth  and  Lincoln  railway,  in  the  year 
1872,  led  to  the  exposure  of  some  fine  sections  of  the .  Neocomian 
strata  forming  the  base  of  the  Lincolnshire  Wold.  From  these  beds 
the  author  had  obtained  a  very  large  number  of,  fossils,  in  many 
cases  in  an  excellent  state  of  preservation.  As  the'sections  are  now 
becoming  obscure,  the  author  gives  an  account  of  the  observations 
made  by  him  at  the  time  when  they  were  best  exposed,  with  lists 
of  the  fossils  he  obtained  from  them.  He  agTces  with  Professor 
Judd,  who  in  18G7  first  described  these  strata  and  determined  their 
age,  in  his  conclusions  concerning  the  classification  and  correlation 
of  the  beds,  but  is  disposed  to  regard  the  sands  above  Market  Easen 
as  being  a  drift  deposit,  and  not  as  belonging  to  the  Lower  Sand 
and  Sandstone. 

3.  "  Notes  on  the  Geologv  of  the  Cheviot  Hills  (English  side)." 
Hy  C.  T.  Clough,  Esq.,  M.A.;  F.G.S. 

After  a  brief  description  of  the  physical  stnicture  of  the  district, 
the  author  passes  on  to  its  igneous  rocks.  These  he  groups  under 
three  heads — (1)  the  granite,  (2)  the  lava-flows  and  ash  beds,  (3) 
the  intrusive  dykes.  The  first  occupies  an  area  of  about  24  square 
miles,  it  varies  much  in  texture,  is  generally  not  conspicuously  rich 
in  quartz,  and  often  contains  hornblende  as  well  as  mica.  It  exhibits 
in  places  a  curious  streaked  or  banded  structure  due  to  local  crush- 
ing. This  is  fully  described.  The  lava-flows  (with  ashes)  are  por- 
phyrite  ;  this  is  generally  compact,  sometimes  glassy  in  structure, 
with  scattered  crystals  of  plagioclase,  biotite,  hornblende  (sometimes 
augite),  a  little  free  quartz,  and  occasional  olivine  and  apatite. 
Some  peculiarities  in  these  rocks  are  described.    The  intrusive  dykes 
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(3)  consist  of  (rt)  coarse  red  porphyrite,  {h)  quartz  porphyry,  (c) 
felsite,  (d)  granite.  The  author  considers  that  the  porphyrite  and 
granite  (-which  are  alternately  intrusive  one  in  another)  belong 
approximately  to  the  same  geological  epoch.  This  is  the  Lower  Old 
Red  Sandstone  ;  and  as  pebbles  of  the  granite  as  ■well  as  of  the  por- 
phyrite occur  in  the  Lower  Carboniferous  measures  of  the  region, 
great  denudation  must  have  taken  place  prior  to  the  latter  epoch. 
The  author  also  describes  some  basalt  dykes  -which  he  considers  to 
be  of  Miocene  age. 


■"O^ 


March  8.— J.  W.  Hulke,  Esq.,  F.E.S., 
President,  in  the  Chair. 

The  foUo-wing  communications  -were  read: — 

1.  "Additional  Xote  on  certain  Inclusions  in  Granite."  By 
J.  Arthur  PhiUips,  Esq.,  F.R.S.,  E.G.S. 

The  author  referred  to  certain  rounded  incliisions  in  granite  which 
■were  rich  in  mica.  These  he  had  described  in  his  paper  published 
in  vol.  xxxvi.  of  the  '  Quarterly  Journal,'  and  had  considered  to  be 
contemporaneous  segregations  from  the  molten  rock.  He  had,  up 
to  that  time,  not  found  a  case  -where  one  of  the  larger  crystals  of 
felspar  in  a  porphyritic  granite  occiu'red  partly  in  the  one,  partly 
in  the  other.  Of  late  he  had  seen  several,  one  of  -which  he  described 
minutely,  thus  ijro-ving  the  correctness  of  his  supposition. 

2.  "  The  Geology  of  Madeira."     By  J.  S.  Gardner,  Esq.,  F.G.S. 
Madeira   consists    almost   wholly   of   sheets   of  basaltic  lava   of 

variable  thickness  interstratified  with  tuff  scoriaB  and  red  bole,  cut 
by  innumerable  dj'kes.  In  the  central  part  of  the  island  is  a  horse- 
shoe-shaped valley,  more  than  4  miles  in  diameter,  its  bed  2500  feet 
above  the  sea,  its  precipitous  walls  fi;ll  3000  feet  high,  rising  hero 
and  there  to  yet  greater  elevations,  and  forming  a  central  point  in 
the  mountain-system  of  the  island.  This  the  author  regards  as  the 
basal  wreck  of  a  volcanic  mountain,  blown  into  the  air  by  an  explo- 
sion of  exceptional  violence.  Fragments  of  the  slopes  of  scoriae 
which  once  composed  the  inner  shell  remain  on  the  peaks  surround- 
ing this  amphitheatre.  The  dykes  here  are  trachyte.  The  author 
describes  a  limestone  exposed  in  one  place  beneath  the  basalts  and 
referred  to  the  Upper  Miocene,  and  a  j)lant-bearing  bed  associated 
with  them,  containing  fossils  of  species  still  living  in  the  island, 
some  of  which  have  been  wrongly  referred  to  extinct  forms.  In 
conclusion  the  author  remarked  upon  the  almost  infinite  variability 
of  the  genus  Ruhus  and  the  difficulty  of  distinguishing  its  species. 

3.  "  On  the  Crag  Shells  of  Aberdeenshire  and  the  Gravel  Beds 
containing  them."     By  Thomas  F.  Jamieson,  Esq.,  F.G.S. 

4.  "  On  the  Bed  Clay  of  the  Aberdeenshire  Coast,  and  the  Direc- 
tion of  Ice-movement  in  that  quarter.""  Bv  Thomas  F.  Jamiesou. 
Esq.,  F.G.S. 

The  author  describes  a  red  clay  occurring  in  the  eastern  part  of 
Aberdeenshire,  which  differs  in  many  important  respects  from  the 
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ordinary  grey  Boulder-clay  of  the  district.  Its  contents  appear  to 
show  that  it  has  not  been  derived  from  the  Jurassic  and  granitic 
rocks  of  Aberdeenshire,  but  from  masses  of  Old  Red  Sandstone,  now 
perhaps  removed  by  denudation.  Only  few  and  imperfect  moUuscan 
remains,  with  bones  of  fish,  aquatic  birds,  and  seals  have  been 
found  in  this  red  clay.  He  regards  it  as  having  been  formed 
during  a  period  of  great  submergence  which  foUowed  the  period  of 
maximum  glaciation.  He  finds  at  Cove  proof  of  a  remarkable 
change  in  direction  of  the  flow  of  the  glacial  ice.  Additional  proofs 
of  the  submergence  are  found  in  the  old  beaches  with  shells,  extend- 
ing to  heights  of  from  380  to  470  and  even  up  to  560  feet  above 
the  sea-level.  The  MoUusca  occurring  in  these  raised  beaches  are 
all  of  living  species,  but  now  occur  in  arctic  seas.  He  differs  from 
Mr.  J.  Geikie,  who  regards  these  deposits  as  of  post-Glacial  age  and 
of  estuarine  character.  He  concludes  by  describing  in  detail  the 
remarkable  section  exhibited  in  the  Bay  of  Nigg. 

March  22.— J.  W.  Hulke,  Esq.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "  On  a  Fossil  Species  of  Camjitoceras,  a  Freshwater  Mollusk, 
from  the  Eocene  of  Sheerness."  By  Lieut. -Colonel  H.  H.  Godwin- 
Austen,  F.E.S.,  F.G.S. 

2.  "  Note  on  the  Os  Pubis  and  Ischium  of  OrnitJiopsis  eucamerotus 
(synonyms — Eucamerotus,  Hulke  ;  Bothi-iospondi/lus  (in  part),  11. 
Owen  ;  C hondrosteatosaurus,  R.  Owen),"  By  J.  W.  Hulke,  Esq., 
F.R.S.,  Pres.G.S. 

3.  "  On  jVeusticosaurus  iJusiUus  (Fraas),  an  Amphibious  Reptile 
having  affinities  with  the  terrestrial  Xothosauria  and  with  the  marine 
Plesiosauria."     Py  Prof.  H.  G.  Seeley,  F.R.S.,  F.G.S. 

AprU  5.— J.  W.  Hulke,  Esq.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read  : — 

1.  "Geological  Age  of  the  Taconic  System."  By  Prof.  J.  D. 
Dana,  F.M.G.S. 

The  author  takes  exception  to  some  remarks  made  before  the  Geo- 
logical Society  by  Dr.  T.  Stcrry  Hunt  on  the  16th  November  last. 
Dr.  Sterry  Hunt  has  thrown  doubt  on  the  results  arrived  at  by  the 
geologists  who  have  studied  the  relations  of  the  so-called  Taconic 
strata,  not  in  consequence  of  any  observations  of  his  own,  but  on 
the  general  ground  that  "  where  newer  strata  are  in  unconformable 
contact  with  older  ones,  the  effect  of  lateral  movements  of  com- 
pression, involving  the  two  series,  is  generally  to  cause  the  newer 
and  more  yielding  strata  to  dip  towards,  and  even  beneath  the  edge 
of  the  older  rock— a  result  due  to  folds,  often  with  inversion,  some- 
times passing  into  faults." 

Fhil.  Mag.  S.  5.  Vol.  13.  No.  82.  May  1882.  2  F 
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It  was  pointed  out  in  opposition  to  these  views,  that  the  observa- 
tions of  Emmons,  H.  D.  and  W.  B.  Rogers,  Mather,  Sir  W.  Logan, 
James  Hall,  E.  Hitchcock,  C.  H.  Hitchcock,  Hager,  and  Wing 
prove  that  the  Taconic  schists  and  limestones  are  in  conformable 
succession  and  of  Silurian  age.  The  stratigraphical  structure  of  the 
Taconic  range  is,  indeed,  so  simple  that  all  observers  who  have  studied 
it  have  described  the  schists  and  limestones  as  conformable ;  and 
numerous  characteristic  SUurian  fossUs  have  been  found  in  both. 
This  view  had  been  maintained  by  Dr.  Sterry  Hunt  himself  till 
1878,  when  he  first  propounded  his  new  interpretation  of  the  strata 
in  question  ;  but  the  latter  was  not  based  on  any  fresh  facts  or  ob- 
servations. 

The  author's  own  observations  on  the  subject,  carried  on  during 
many  years,  were  detailed  and  illustrated  by  a  map  of  the  whole  of 
the  Taconic  range.  In  conclusion  he  pointed  out  that,  even  if  Dr. 
Sterry  Hunt's  general  principle  were  conceded  (and  he  was  not  by 
any  means  himself  prepared  to  make  such  a  concession),  it  would 
have  no  bearing  on  the  point  at  issue ;  for  the  supposed  younger 
strata  do  not  dip  against  the  Taconic  schists.  In  opposition  to  the 
view  that  the  geological  age  of  strata  can  be  inferred  from  their 
mineral  characters,  he  pointed  out  what  remarkabh*  different  rocks 
have  been  produced  by  the  metamorphism,  in  different  degrees,  of 
the  strata  of  the  Taconic  range. 

2.  "  On  some  Xodular  Felsites  in  the  Bala  Group  of  Xorth 
Wales."     By  Prof.  T.  G.  Bonney,  :M.A.,  F.R.S.,  Sec.G.S. 

These  peculiar  felsites  are  chiefly  found  in  one  or  two  localities 
in  the  neighbourhood  of  Bettws-y-coed  and  of  Conway.  In  the 
former  case,  in  the  same  mass  are  found  ordinary  compact  felsite 
exhibiting  under  the  microscope  fluidal  structure,  a  peculiar  rock 
resembling  a  greenish  schist,  and  various  nodular  felsites  (with 
cleavage)  showing  nodules  sometimes  3  or  4  inches  in  diameter, 
some  being  solid,  others  hollow  or  more  or  less  filled  with  chal- 
cedony, chlorite,  chalybite,  &c.  The  nodules  never  exhibit  a  radial 
structure ;  and  there  is  no  difference  of  imjDortance  between  their 
structure  and  that  of  the  ordinary  rock.  The  author  showed  that 
the  schisty  rock  is  only  an  amygdaloidal  felsite,  in  which,  after 
cleavage,  a  secoudarj-  (micaceous  ?)  mineral  has  been  deposited  along 
the  cleavage-planes.  As  regards  the  nodular  structure,  he  showed 
that  it  is  analogous  to  the  spheroidal  structure  seen  on  a  larger  scale 
in  many  igneous  rocks,  and  on  a  smaller  scale  in  perlite,  and  gave 
reasons  for  its  being  frequently  associated  with  vesicular  cavities. 
The  infiltration  of  these  cavities  and  consequent  solidification  was 
almost  certainly  prior  to  the  production  of  the  cleavage-surfaces, 
which  are  distorted  by  them.  The  Conway  felsites  exhibit  similar 
phenomena,  except  that  they  are  practically  uucleaved. 

3.  "  On  the  Cambrian  (Sedgw.)  and  Silurian  Eocks  of  Scandi- 
navia."'    By  J.  E.  Marr,  Esq.,  B.A.,  F.G.S. 

The  author  has  examined  the  following  areas  of  Cambrian  and 
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Silurian  rocks  in  Scandinavia : — (1)  Dalecarlia,  (2)  Ostrogothia  and 
Westrogothia,  (3)  Christiania,  (4)  Scania,  (5 )  Baltic  Isles.  A  sketch 
of  the  stratigraphy  of  each  of  these  regions  was  given,  and  the  author 
drew  the  following  conclusions  : — 

'Mudstones  of  Eamsasa  and  Bjersjolagard  .  .  =  Ludlow. 
Cardiola  beds ;  Cyrtoyra^ptm  and  Retiolites 

-(      Shales     =Wenlock. 

Lobiferus  Shales;    Upper  part  of  Brachio- 

pod  beds      =!May  Hill. 

'  Lower  part  of  Brachiopod  beds =  Upper  Bala. 

J  Trinncleus  fihales ;  Bey richii  hhaestoue   .  .  =31iddle  Bala. 
a    j  Kiirgarde  Shales  ;  Cystidean  Limestone    .  .  =  Lower  Bala. 
S   [  &c.  &c.  =         &c. 

A  correlation  with  the  beds  of  Bohemia  was  also  given.  The  author 
pointed  out  that  there  is  evidence  of  a  physical  break  (varying  in 
amount),  as  well  as  of  a  palaeontological  one,  between  the  Cambrian 
and  Silurian  of  Scandinavia,  Several  of  the  beds  of  Scandinavia 
admit  of  a  very  exact  parallel  with  strata  in  the  English  Lake 
district. 

The  author  considered  that  the  fauna  of  these  Scandinavian  depcn 
sits  affords  evidence  of  migrations.  This  can  be  shown  by  observing 
that  the  same  forms  occur  in  two  beds  of  different  age,  but  are 
absent  fi'om  an  intermediate  one ;  or  by  tracing  beds  laterally,  and 
showing  that  the  forms  occur  in  an  earlier  deposit  in  one  locality 
than  in  another. 

The  author  considered  the  black  shales  deep-water  deposits,  and 
accounted  for  their  wide  extent  by  supposing  the  material  derived 
directly  from  the  decomposition  of  the  felspar  in  metamorphic  rocks, 
and  so  in  a  very  fine  state  of  division.  The  deep-water  fauna  in 
the  Cambrian  appears  to  have  migrated  from  the  south-west ;  the 
shallow-water  forms,  as  might  be  expected,  were  more  variable  in 
their  direction  of  migration  :  examples  were  given  in  support  of  this 
view.  In  Silurian  times  the  direction  of  migration  appears  to  have 
changed,  the  dispersal  taking  place  from  Britain,  owing  probably  to 
greater  local  upheaval  there.  The  coast-line  also,  instead  of  running 
in  a  W.X.W.  and  E.S.E.  direction,  seems  to  have  ran  more  W.S.W. 
to  E.N.E.,  as  shallow-water  forms  are  common  in  Britain,  but  deep- 
water  forms  in  the  central  Swedish  area.  The  result  of  the  author's 
investigations,  as  bearing  on  classification,  is  that  there  is  a  break 
in  Scandinavia  at  the  base  of  the  equivalents  of  the  May-Hill  series, 
but  no  other  break  in  the  Cambrian  seiies  of  Sedgwick  of  equal  im- 
portance— no  break,  physical  or  palaeontological,  existing  at  the 
base  of  the  Ceratojn/ge  limestone  (Tremadoc),  where  some  authors 
have  drawn  a  boundary. 
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ON  THE  DIMENSIONS  OF  A  MAGNETIC  POLE  IN  THE  ELECTRO- 
STATIC SYSTEM  OF  UNITS.      BY  PROF.  J.  D.  EVERETT. 
4     PAPER*  by  Clausius,   dealing  with  Electrical  and  Magnetic 
-^^   Units  has  just  reached  me ;  and  I  think  I  shall  be  doing  good 
service  in  laying  before  the  readers  of  the  Philosophical  Magazine 
the  principal  novelty  which  it  contains. 

Electricians  are  familiar  with  the  fact  that  a  cii'cuit  with  a  cur- 
rent flowing  in  it  is  a  species  of  magnet,  and  that  the  moment  of 
the  magnet  thus  constituted  is  the  product  of  the  current  by  a  cer- 
tain area. 

Hence  the  moment  of  a  magnet  must  have  the  same  dimensions 
as  a  current  multiplied  by  an  area.     That  is,  we  must  have 

Pole  X  Length  =  Current  x  (Length)-; 
or,  more  simply, 

Pole  =  Current  x  Length. 
This  equation  must  be  true  in  any  consistent  system  of  units. 
In    the    electrostatic    system,    the    dimensions  of  Current    (or 

quantity  of  electricity  divided  by  time)  are  M^LtT"^  (M  deno- 
ting Mass,  L  Length,  and  T  Time).  Hence,  by  the  above  equation, 
the  dimensions  of  a  Pole  are  M^  ]_fi  T~^. 

This  is  substantially  Clausius's  reasoning,  though  I  have  for  bre- 
vity somewhat  altered  its  form ;  and  it  appears  to  me  unimpeach- 
able. Nevertheless  the  result  dilfers  (as  the  author  points  out) 
from  Maxwell's  formula  for  the  dimensions  of  a  pole  in  the  electro- 
static system,  namely  M^L^.  This  formula  will  be  found  in  Max- 
well's '  Electricity  and  Magnetism,'  §  626,  where  the  name  "  quan- 
tity of  magnetism  "  is  used  instead  of  "  strength  of  pole,"  or  the 
briefer  name  "  pole."  It  will  also  be  found  in  the  Reprint  of 
Reports  of  the  B.A.  Committee  on  Electrical  Standards,  page  90 ; 
but  in  neither  work  have  I  been  able  to  find  an  explicit  statement 
of  the  reasoning  by  which  the  result  is  obtained.  Perhaps  some 
reader  of  the  Philosophical  Magazine  can  give  the  necessary  expla- 
nation. 

In  my  own  treatise  on  Units t  the  question  at  issue  is  not  raised, 
as  practically  the  dimensions  of  a  magnetic  pole  do  not  enter  into 
electrostatic  discussions. 

The  dimensions  of  a  pole,  calculated  in  the  ordinary  way  from 

the  mutual  repulsion  of  two  poles,  are  M^L^T"';  and  from  this, 
by  considering  the  force  exerted  by  a  current  upon  a  pole,  the 
dimensions  of  Current  in  the  electromagnetic  system  are  found  to 
be  M^  L^  T~\     The  relation  between  these  two,  it  will  be  observed, 

*  "  Ueber  die  verscliiedeuen  Maasssysteuie  zur  Messung  electrischer 
imd  magnetischer  Grossen,"  von  R.  Clausius.  Vorgetragen  6.  Miirz  1882. 
Separat-Abdruck  aus  den  Verhandhmgcn  des  naturhist.  Vereins  der  preiiss. 
liheinlande,  Bd.  xxxix.  [A  lull  translation  of  this  paper  will  appear  in 
an  early  Number  of  this  Magazine. — Ed.] 

t  *  Units  and  Physical  Constants  '  (Macniillan :  1879). 
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fulfils  the  foregoing  coudition, 

Pole  =  Current  x  Length. 

It  appears  to  me  that  Clausius's  result  must  be  accepted  as  the 
correct  one. 
Belfast,  AprU  24,  1882.  

ON  THE  ELECTROLYSIS  OF  DISTILLED  WATER. 
BY  D.  TOMMASI. 

Several  physicists  have  questioned  the  possibility  of  decompo- 
sing chemically  pure  water  by  means  of  a  galvanic  current. 
According  to  M.  Bourgoin*,  water  is  not  an  electrolyte,  the  sub- 
stance mixed  with  it  to  render  it  conductive  is  alone  decomposed. 

The  few  experiments  which  I  have  made  in  regard  to  this  sub- 
ject have  proved  to  me  the  contrary — that  is  to  say,  that  water  can 
be  electrolyzed  eveu  by  the  current  of  a  very  feeble  battery,  pro- 
vided that  the  calories  liberated  by  the  battery  are  at  least  equal  to 
those  absorbed  by  water  in  decomposing  into  its  elements  (about 
69  calories).     Those  experiments  are  as  follows  : — 

(1)  Into  a  U-tube  tilled  with  distilled  water  I  introduce  two  pla- 
tinum electrodes  connected  with  two  Daniell  elements.  The  dis- 
tance between  the  electrodes  is  about  2  centim.  No  visible  effect 
is  produced,  even  after  some  time.  The  calories  liberated  by  the 
battery  are  nevertheless  more  than  sufficient  to  effect  the  decompo- 
sition of  the  water — in  fact,  98  >  69.  If,  then,  the  water  in  this 
case  undergoes  no  decomposition,  that  is  owing  solely  to  the  resist- 
ance opposed  by  it  to  the  passage  of  the  current,  and  not  to  insuffi- 
ciency of  energy  produced  by  the  battery. 

(2)  If  in  the  preceding  experiment  the  positive  electrode  be 
replaced  by  a  silver  wive,  this  is  what  is  observed  : — After  18  hours 
no  appreciable  alteration  is  noticed  in  the  liquid  ;  but  if,  after 
taking  out  the  silver  wire,  a  drop  of  hydrochloric  acid  be  poured 
into  the  branch  in  which  it  dipped,  a  very  manifest  white  turbidity 
makes  its  appearance,  having  all  the  characters  of  chloride  of  silver. 
The  hydrochloric  acid  does  nothing  more  than  precipitate  the 
minute  quantity  of  oxide  of  silver  which  was  dissolved  in  the  dis- 
tilled water.  Now  silver  does  not  decompose  water  at  the  ordi- 
nary temperature ;  but,  in  order  to  produce  oxidation,  the  water 
must  have  been  decomposed ;  and  consequently  the  distilled  water 
must  have  been  passed  through  by  the  current.  The  electrodes  in 
this  experiment  were  distant  from  each  other  about  7  centim.  It 
is  evident,  then,  that,  if  the  positive  electrode  is  of  silver,  we  can, 
with  the  aid  of  t\AO  small  Daniell  elements,  overcome  the  resistance 
of  a  column  of  distilled  water  of  7  centim.  length. 

(3)  With  three  Daniell  elements  the  effect  is  much  more  marked. 
After  15  minutes  it  can  already  be  ascertained,  with  the  aid  of  hy- 
drochloric acid,  that  the  silver  has  begun  to  dissolve.  At  the  end 
of  18  hours  all  the  curved  portion  of  the  tube  is  found  covered 
with  a  coat  of  oxide  of  silver,  partly  reduced  by  a  secondary  action. 

*  Arm.  de  Chem.  et  de  Phys.  [4]  xv.  p.  47,  and  xxviii.  p.  119. 
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(4)  If,  in  the  experiment  I  have  just  spoken  of,  six  Bunsen  ele- 
ments be  substituted  for  the  Daniell  battery,  the  decomposition,  as 
might  have  been  expected,  takes  place  with  much  more  intensity. 
After  18  hours  the  quantity  of  oxide  of  silver,  in  part  reduced, 
found  at  the  bottom  of  the  tube  is  relatively  considerable. 

•(5)  Gold  employed  as  the  positive  electrode  is  not  oxidized  in  the 
presence  of  distilled  water,  even  by  the  action  of  the  current  of 
eight  Bunsen  elements. 

Is  silver,  then,  the  only  metal  which  possesses  the  property  of 
decomposing  distilled  water  under  the  action  of  a  galvanic  current  ? 
jS^o,  fortunately;  for  it  might  be  objected  to  me  that,  if  water  is 
decomposed  when  silver  serves  for  the  positive  electrode,  it  may  be 
due  to  this — that  the  oxide  of  silver,  being  soluble  in  water*, 
always  suffices  to  render  the  water  sufficiently  conductive  to  be 
electrolyzed.  This  objection,  however,  would  not  be  quite  relevant ; 
for  it  would  not  account  for  the  current  passing  at  the  commence- 
ment of  the  experiment,  since  at  that  moment  the  water  contains 
no  foreign  substance,  and  it  is  only  after  some  time  that  the  silver 
begins  to  dissolve.  Therefore  it  is  not  the  oxidation  of  the  silver 
that  permits  the  current  to  pass  ;  but  it  is  the  current  that,  by 
decomposing  the  water,  oxidizes  the  silver.  It  is  true  that,  once 
the  water  contains  a  little  oxide  of  silver,  its  conductivity  is  in- 
creased, and  consequently  electrolysis  can  take  place  with  more 
facility ;  but,  I  repeat,  the  oxidation  of  the  silver  is  not  the  deter- 
mining cause  of  the  decomposition  of  the  water,  but  only  the  effect 
of  that  decomposition.  Be  that  as  it  may,  here  is  an  experiment 
which  will  shosv  positively  that  the  solubility  of  the  silver  oxide 
plays  only  a  secondary  part  in  the  electrolysis  of  distilled  water : — 

(6)  The  oxides  and  the  hydrates  of  copper  are  completely  inso- 
luble in  distilled  water;  and  hence  they  cannot  in  any  way  augment 
the  conductivity  of  the  water.  Now  I  have  found  that  copper 
possesses,  like  silver,  the  property  of  decomposing  distilled  water 
when  it  is  connected  with  the  positive  pole  of  a  battery.  The  ex- 
periment is  made  as  before ;  that  is  to  say,  a  platinum  wire  and  a 
copper  wire  are  immersed  in  the  two  branches  of  a  U-tube  filled 
with  distilled  water,  the  former  joined  to  the  negative,  and  the 
latter  to  the  positive  pole  of  a  battei'y  composed  of  three  Daniell 
elements.  The  distance  separating  the  two  electrodes  is  about 
4  centimetres.  At  the  end  of  18  hours,  upon  a  length  of  about 
2  centim.  at  the  lower  part  a  coat  of  reduced  copper  is  found  adhe- 
ring to  the  sides  of  the  tube.  A  portion  of  the  copper  is  deposited 
on  the  platinum  wire.  The  decomposition  of  the  water  in  this  case 
can  be  explained  only  on  the  hypothesis  that  the  copper  employed 
as  the  positive  electrode  tends  to  diminish  the  resistance  of  the 
water,  and  consequently  to  render  it  more  apt  to  be  electrolyzed. 
It  is  the  same  with  silver  employed  as  positive  electrode. — Comptes 
Rendus  tie  VAcademie  des  Sciences,  April  5,  1882,  pp.  948-951. 

*  Oxide  of  silver  dissolves  in  3000  times  its  weight  of  water. 
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A  LITTLE  ILLUSION.      BY  J.  PLATEAU. 

Permit  me  to  describe  an  experimeat  which,  at  the  first  glance, 
seems  as  if  it  must  realize  perpetual  motion.  Into  a  capsule  of 
sufficient  dimensions  let  us  pour  distilled  water  till  its  depth  is 
about  1  centimetre.  In  this  let  us  immerse  one  end  of  a  glass  tube 
of  small  internal  diameter,  1-5  millim.  for  instance,  and  from  8  to 
9  centim.  in  length ;  let  us  keep  this  tube  in  a  suitably  inclined 
position,  so  that  the  water  which  will  be  caused  to  rise  in  it  by 
capillary  action  shall  occupy  a  sufficiently  large  portion  of  its 
length.  Let  us  procure  a  second  tube,  having,  say,  an  internal 
diameter  of  3  millim.,  and  a  length  of  some  centimetres.  Let  us 
draw  out  one  end  of  this  second  tube,  and  bend  back  the  drawn-out 
thin  portion  so  that  it  makes  a  more  or  less  acute  angle  with  the 
wide  part.  Let  us  introduce  the  thin  portion  into  the  upper  orifice 
of  the  inclined  tube  till  it  reaches  the  water  contained  in  this,  and 
give  to  the  wide  portion  a  vertically  descending  position ;  this  last 
condition  will  be  obtained  by  modifying  either  the  above-mentioned 
angle  or  the  inclination  of  the  other  tube.  Let  us  suppose  that  the 
orifice  of  the  vertical  portion  does  not  reach  the  liquid  of  the  cap- 
sule ;  lastly,  let  us  imagine  the  thin  portion  and  the  vertical  tube 
both  full  of  water.  For  greater  clearness,  I  represent  in  section, 
in  the  annexed  figure,  the  upper  part  of  the  system. 


a  h  is  the  inclined  tube,  and  c  d  the  vertical.  In  consequence  of 
the  narrowness  of  the  space  comprised  between  the  slender  portion 
and  the  inner  surface  of  the  tube  a  b,  capillarity  will  maintain  the 
water  near  the  orifice  a  of  the  latter ;  suppose  that  it  stops  at  a. 
The  lower  extremity  of  the  tube  c  d  not  reaching  the  liquid  of  the 
capsule,  that  tube  \vith  its  slender  portion  will  constitute  a  siphon 
of  which  the  short  branch  dips  in  a  liquid  in  equilibrium,  while  the 
long  branch  descends  several  centimetres  lower  than  the  surface  of 
that  liquid.  Does  it  not  seem,  then,  that  the  water  must  inces- 
santly run  through  this  siphon,  to  rejoin  that  in  the  capsule  ?  N^ow, 
if  that  took  place,  it  would  evidently  be  perpetual  motion. 

But,  the  impossibility  of  perpetual  motion  being  demonstrated, 
I  asked  myself  what  would  in  reality  take  place  under  the  above 
conditions.     I  therefore  requested  M.  Van  der  Mensbrugghe  to 
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perform  the  experiment,  which  he  did  according  to  my  dii-ections, 
employing  tubes  having  the  above-assumed  dimensions.  I  pass 
over  in  silence  the  construction  of  the  supports  of  the  tubes,  as 
well  as  the  little  manipulations  of  the  experiment :  the  reader  who 
has  the  curiosity  to  repeat  it  will  find  out  those  details  for  himself. 
Now  we  verified  that,  instead  of  the  water  running  away  through 
the  tube  cd,  it  reaseends  in  this,  and  continues  to  be  aspirated  until 
its  free  surface  reaches  a  certain  point  in  the  slender  portion,  after 
which  every  thing  stops.  Only,  in  order  that  the  aspiration  may 
take  place,  the  orifice  of  the  tube  c  d  must  be  several  millimetres 
above  the  liquid  of  the  capsule  ;  if  it  is  lower,  the  tube  c  d  continues 
full,  the  water  remains  suspended  in  it. 

A  little  reflection  soon  enabled  me  to  understand  the  cause  of 
these  apparently  singular  phenomena.     The  small  surface  which 
terminates  at  «'  the  liquid  between  the  two  tubes  is  concave  in  the 
transverse  direction ;  it  therefore,  in  virtue  of  its  curvature,  exerts 
suction  upon  the  whole  mass  of  liquid  to  which  it  belongs — that  is 
to  say,  upon  the  liquid  of  the  tube  a  h  and  that  of  the  tube  c  d,  the 
latter  liquid  communicating  with  the  former  by  the  slender  tube. 
In  the  tube  a  h  this  suction  has  the  effect  of  keeping  the  water 
raised  up  to  a  ;  and  it  is  balanced  by  the  action  of  gravity,  which 
action  is  measured  by  the  difference  of  level  between  the  surface  at 
a'  and  the  water  of  the  capsule.     In  order  that  it  may  be  in  like 
manner  balanced  in  the  tube  c  d,  it  seems  at  fii-st  necessary  that  the 
difference  of  level  between  the  surface  at  a  and  the  orifice  of  the 
tube  c  d  be  equal  to  the  preceding,  which  would  require  that  orifice 
to  reach  the  water  of  the  capsule  ;  and  yet  we  have  seen  that  equi- 
librium subsists  even  when  the  orifice  in  question  is  several  milli- 
metres higher.     But  it  is  because,  in  consequence  of  a  tendency  to 
absorption,  the  water  presents  at  this  orifice  a  slightly  concave  sur- 
face, which  exerts  a  slight  suction  downwards ;   and  this,  added  to 
the  incomplete  action  of  gravity,  compensates  the  suction  emana- 
ting from  «'.     For  a  greater  distance  of  the  orifice  from  the  water 
of  the  capsule,  the  suction  at  «'  is  in  excess,  the  liquid  is  drawn 
upward  in  the  tube  cd;  and  this  movement  stops  when  the  free 
surface  of  the  liquid  has  arrived,  in  the  slender  portion,  at  a  point 
where  the  suction  due  to  its  strong  concave  curvature  makes  equili- 
brium with  that  of  «'*.     Such   is   the  simple  explanation  of  the 
observed  effects  ;  and  this  little  experiment  offers  a  curious  example 
of  the  suction  exerted  by  concave  liquid  surfaces ;  it  shows   us, 
besides,  an  equally  curious  exception  to  the  usual  action  of  siphons. 
— Extrait  des  Bulletins  de  VAcad.  roy.  de  Belgique,  Jan.  1882. 

*  In  our  experiment  the  vertical  distance  from  a'  to  the  liquid  of  the 
capsule  was  nearly  4  centim.,  and  the  least  distance  from  the  orifice  of  the 
tube  ('  d  to  the  same  liquid,  for  which  absorption  was  produced,  was  about 
5  millim. 
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XL  IX.   On  the  different  Systems  of  Measures  for  Electric 
and  Magnetic  Quantities.     By  Prof.  R.  Clausius*. 

]j^OR  the  measurement  of  electric  and  magnetic  quantities, 
it  is  well  known  that  two  essentially  different  systems, 
usually  called  the  electrostatic  and  the  electromagnetic,  are  em- 
ployed. Both  reduce  the  determination  of  electric  and  mag- 
netic quantities  to  the  measurement  of  mass,  length,  and  time; 
but  in  the  manner  of  the  reduction  they  differ  from  each  other 
more  considerably  than  is  usually  the  case  with  other  diffe- 
rent systems  of  measures.  While  in  the  ordinary  mechanical 
quantities  (such  as  velocities,  forces,  and  mechanical  work) 
the  different  measuring-systems  employed  are  distinguished 
from  one  another  only  by  the  so-called  fundamental  units,  viz. 
the  units  of  mass,  length,  and  time,  having  different  values,  in 
the  two  above-mentioned  systems  applied  to  electricity  and 
magnetism  \h.Q  formulae  which  serve  for  the  determination  of 
one  and  the  same  quantity  are  also  different,  since  they  con- 
tain different  powers  of  the  fundamental  units. 

The  deduction  of  these  formula  is  systematically  carried 
out  with  singular  completeness  in  Clerk  Maxwell's  splendid 
work,  'A  Treatise  on  Electricity  and  Magnetism,'  Oxford, 
1873;  and  the  high  estimation  in  which  Maxwell  is  justly  held 
could  not  fail  to  cause  his  formulae  not  only  to  be  accepted  in 

*  Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  the  Verhandl.  des  naturhist.  Vereinsder  preuss.  Hheiiilande  und  West- 
falens,  vol.  xxxix.  (1882).     Read  at  the  meeting  of  the  Niederrheinische 
.  GeseUschaft  fiir  Natur-  und  Heilkunde,  on  the  6th  March,  1882. 
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England  as  correct  throughout,  but  also  to  be  adopted  un- 
altered in  the  works  of  writers  belonging  to  other  nations.  In 
regard  to  the  latter,  I  will  mention  only  Mascart  and  Joubert's 
valuable  Legons  sur  V Electricitd et  le  MagnMsine  (Paris,  1882), 
and  Herwig's  useful  book,  Physikalische  Begriff'e  unci  absolute 
Maasse  (Leipzig,  1880). 

Nevertheless  I  think  I  can  show  that  Maxwell  has  committed 
an  error  in  his  development,  by  which  several  of  his  formulse 
have  been  rendered  incorrect.  The  correction  of  this  mistake 
appears  to  me  to  be  especially  necessary  just  now,  since  at  the 
present  time  the  attention  of  wider  circles  than  formerly  is 
directed  to  this  subject  by  the  decisions  of  the  Congress  of 
Electricians  at  Paris  upon  the  electrical  units  of  measurement, 
and  hence  an  error  remaining  uncorrected  n)ight  be  mis- 
chievously disseminated  and  fixed.  It  also  appears  to  me 
that  Maxwell's  exposition  of  the  subject  (which  is  not  all  col- 
lected together  in  one  passage  of  his  book,  but  appears  in 
portions  in  different  parts  of  it)  presents  some  difficulty  to  the 
understanding.  Henco  I  think  that  a  connected  presentation 
of  the  thing,  as  simple  and  distinct  as  possible,  will  not  be 
unwelcome. 

§  1.   The  Fundamental  Units  and  the  first  General  Equation  of 

each  System. 

As  already  mentioned  above,  the  units  of  mass,  length,  and 
time  are  employed  as  fundamental  units.  After  Maxwell,  it 
is  usual  to  denote  them  by  enclosing  in  square  brackets 
the  letters  which  are  generally  employed  to  represent  those 
three  kinds  of  quantity.  Thus  the  unit  of  mass  is  [M] ,  the 
unit  of  length  [L] ,  and  the  unit  of  time  [T] . 

From  these  are  immediately  obtained  the  units  of  various 
other  quantities.  That  velocity  with  which  a  unit  of  length 
is  passed  through  in  the  unit  of  time  is  employed  as  the  unit 
of  velocity;  hence,  for  its  representation,  we  have  to  divide  the 
unit  of  length  by  the  unit  of  time,  and  we  get  the  formula 
[LT~'] .  The  unit  of  force  is  that  force  which  imparts  the  unit 
of  velocity  to  the  unit  of  mass  in  the  unit  of  time;  hence  we 
obtain  the  formula  which  serves  to  represent  it,  if  we  divide 
the  product  of  the  mass-unit  and  the  velocity-unit  by  the  time- 
unit,  whence  arises  [MLT~^] .  The  unit  of  mechanical  work 
is  that  work  which  is  done  by  the  force-unit  along  a  path 
equal  to  the  length-unit ;  and  therefore,  in  order  to  represent 
it,  we  need  only  to  multiply  the  force-unit  by  the  length-unit, 

by  which  we  get  [ML^T"']. 

Now,  for  the  measurement  of  electricity  we  must  employ 
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the  forces  exerted  by  it.  These  are  of  two  essentially  different 
kinds : — first,  the  forces  independent  of  its  motion,  which 
amounts  of  electricity  always  exert  upon  one  another  whether 
they  are  at  rest  or  in  motion;  secondly,  the  forces  arising  only 
through  the  motion.  The  former  are  named  the  electrostatic, 
and  the  latter  the  electroclynamic  forces.  To  the  electrodynamic 
we  must  reckon  the  magnetic  forces,  if  we  with  Ampere  derive 
the  ex})lanation  of  magnetism  from  small  electric  currents 
taking  place  in  the  interior  of  the  magnet.  Now,  of  these  two 
forces,  we  can  apply  either  the  one  or  the  other  to  the  mea- 
surement of  electricity ;  and  thence  arise  those  two  systems 
of  measures,  of  which  the  former  is  called  the  electrostatic, 
while  the  latter  (as  already  said)  is  ordinarily  named  the  elec- 
tromagnetic, but  would  be  more  rationally  called  the  electrody- 
namic. In  those  cases  in  which  it  is  self-evident  that  electrical 
systems  of  measures  are  meant,  one  can,  for  convenience, 
omit  the  prefix  "electro,'^  and,  briefly,  speak  of  static  and 
dynamic  measuring-systems. 

In  the  electrostatic  system  the  most  important  unit,  which 
serves  as  the  basis  of  all  the  others,  is  the  vnit  of  electricity. 
This  is  determined  by  the  following  definition: — The  unit  of 
electricity  is  that  amount  of  electricity  which  exerts  the  unit  of 
force  upon  an  equal  amount  of  electricity  at  the  unit  of  distance. 
We  can  therefore  put  the  unit  of  force  equal  to  a  fraction 
having  the  square  of  the  electricity-unit  for  its  numerator  and 
the  square  of  the  length-unit  for  its  denominator.  We  will 
at  the  same  time  denote,  with  Maxwell,  the  electricity-unit  by 
enclosing  the  letter  e  in  square  brackets  ;  but,  in  order  to  ex- 
press that  the  static  electricity-unit  is  intended,  we  will  provide 
the  e  with  the  index  s,  so  that  the  symbol  will  have  the  form 
|_?s].     The  equation  in  question  will  then  read: — 

^=.[MLT-]; 

and  from  this  follows 

[.J  =  [M*LiT->] (1) 

In  the  electrodynamic  system  of  measures,  it  would  first 
suggest  itself,  from  what  has  been  said  above,  to  take  as  the 
standard  that  force  which,  in  addition  to  the  static  force,  two 
moved  quantities  of  electricity  exert  upon  each  other  in  con- 
sequence of  their  motion.  Respecting  this  force,  however, 
differences  of  opinion  prevail,  which  make  the  choice  of  it  as 
the  starting-point  of  the  determinations  inexpedient.  On  the 
other  hand,  the  forces  exerted  upon  each  other  by  closed  elec- 
tric currents  can  be  regarded  as  indubitably  known.     As, 

2G2 
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further,  the  little  electric  currents  which,  according  to  Ampere, 
must  be  assumed  to  flow  in  the  interior  of  a  magnet  are  like- 
wise closed,  we  have  in  magnetism  to  do  with  forces  of  the 
same  kind,  and  hence  we  can  also  select  as  the  standard  the 
force  exerted  upon  one  another  by  two  quantities  of  magne- 
tism. This  latter  is  the  most  convenient,  because  magnetic 
forces  can  be  more  simply  expressed  than  the  forces  exerted 
between  larger  closed  currents.  Accordingly,  in  the  electro- 
dynamic  system  the  unit  of  magnetism  is  determined,  in  pre- 
cise correspondence  with  the  unit  of  electricity  in  the  electro- 
static system,  by  the  following  definition: — The  tinit  of  mag- 
netism is  that  amount  of  magnetism  ivhich  exerts  upon  an  equal 
amount  of  magnetism  at  the  unit  of  distance  the  unit  of  force. 

For  the  mathematical  representation,  we,  again  with  Max- 
well, denote  the  unit  of  magnetism  by  a  square-bracketed  m\ 
but,  in  order  to  indicate  that  the  unit  in  question  is  the 
dynamic  unit,  we  annex  a  c?  as  index,  so  that  the  symbol  has 
the  form  \jnf\ ;  and  with  this  we  form  the  equation 

-^^  =  [MLT-^], 

whence  results 

[m,]  =  [M^-LiT->] (2) 

§  2.   The  Relation  between  Electricity  and,  Magnetism. 

By  equations  (1)  and  (2),  for  the  static  system  the  unit  of 
electricity,  and  for  the  dynamic  system  the  unit  of  magnetism, 
are  determined.  There  is  now  the  further  question.  How  is 
the  unit  of  magnetism  to  be  determined  for  the  static  system, 
and  the  unit  of  electricity  for  the  dynamic?  For  this  the 
well-known  proposition  of  Ampere  respecting  the  substitution 
for  a  closed  galvanic  current  of  tM^o  magnetic  surfaces,  which 
has  also  been  adopted  by  Maxwell  in  its  utmost  generality 
and  irrespective  of  any  particular  system  of  measurement*,  is 
available. 

For  the  sake  of  simplicity,  the  current-curve  may  be  sup- 
posed plane,  and  the  area  of  the  plane  figure  inclosed  by  it 
assumed  as  the  surface-imit.  Besides  the  plane  containing 
this  figure,  let  us  now  imagine  a  parallel  plane  placed  at  an 
infinitesimal  distance,  and  upon  this  a  figure  delimited  con- 
gruent with  the  first  figure  and  lying  perpendicularly  opposite 
to  it.  Now  let  these  t\\o  plane  figures  be  uniformly  covered 
with    equal  quantities  of  north  and  south  magnetism — that 

*  See  Maxwell's  'Treatise  on  Electricity  and  Magnetism,'  vol.  ii.  part  3, 
chapter  iii. 
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M'hich,  if  we  imagine  ourselves  going  with  the  current  round 
the  figures,  we  have  on  the  left  hand  with  north,  and  the  other 
with  south  magnetism.  The  quantity  of  the  magnetisms  is 
determined  by  the  intensity  of  the  current  and  the  mutual 
distance  of  the  planes.  Let  the  latter  be  denoted  by  e[L],  in 
which  [L] ,  as  always,  signifies  unit  length,  and  e  an  infinite- 
simal numerical  value.  Then,  if  a  current-unit  be  assumed  as 
the  current-intensity,  each  of  the  two  quantities  of  magnetism, 
apart  from  the  sign,  is  to  be  supposed  equal  to  a  unit  of  mag- 
netism divided  by  e.  The  pair  of  magnetic  surfaces  thus 
formed  can  replace  the  current  in  regard  to  all  the  forces 
exerted  by  it. 

To  express  this  mathematically,  we  have  to  multiply  the 
intensity  of  the  current  by,  the  area  round  which  it  flows,  to 
multiply  the  quantity  of  magnetism  present  on  one  of  the  sur- 
faces by  the  distance  between  the  surfaces,  and  then  to  equate 
the  two  products.  Now  the  current-intensity  is  a  current- 
unit,  which  is  a  unit  of  electricity  flowing  through  the  cross 
section  in  unit  time,  and  which  is  therefore  represented  by 
[<;T~^]  ;  and  the  area  round  which  it  flows  is  a  unit  of  surface, 
therefore  [L^].  Accordingly  the  first  product  is  [^L^T~']. 
Further,  the  quantity  of  magnetism  coming  into  consideration 

is  -i^-=l  and  the  distance  between  the  surfaces  e[L];  so  that 
the  second  product  reads  -^^-^e[L]  or  [?nL].  We  have  con- 
sequently to  form  the  following  equation: — 

[«i.L]  =  [eL'-^T-'], 
from  which  results 

X^  =  [LT-] (3) 

This  equation,  which  is  only  an  expression  of  the  relation 
established  by  Ampere  between  magnetism  and  electric  cur- 
rents, must  hold  good  for  every  system  of  measurement ;  and 
hence  we  can  form  from  it  two  special  equations  referable  to 
the  static  and  the  dynamic  systems  respectively,  namely: — 

^=[LT-'], (3a) 

'pg'=[LT-] (3  b) 

If  we  bring  these  two  equations  into  connexion  with  the 
equations  (1)  and  (2),  for  [^J  and  {rni]^  we  thereby  arrive 
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at  the  expressions  for  [7??^]  and  [ea]-     From  (1)  and  (3  a)  we 
get  bj  multiplication,  on  which  [e^]  vanishes, 

M  =  [MiLlT-^]; (4) 

and  from  (2)  and  (3b)  is  obtained  bj  division,  \jnd\  vanishing, 

M  =  [M*Li] (5) 

§  3.  MaxwelFs  Incorrect  Equations. 

Instead  of  tlie  relation  between  electricity  and  maffnetisra 
deduced  in  the  foregoing  section  from  Ampere's  proposition, 
and  expressed  in  equation  (3),  in  the  equations  constructed 
by  Maxwell  another  relation  between  electricity  and  magne- 
tism is  implicitly  expressed  ;  for  at  page  240  of  the  second 
volume  of  his  work,  under  (1)  and  (3)  are  found  the  equa- 
tions 

[pC]  =  I^andM=[T]. 

Here  [e]  signifies,  as  with  us,  the  unit  of  electricity,  and 
[C]  represents  the  unit  of  current.  By  \_p~\  is  understood  the 
unit  of  a  quantity  which  he  calls  the  electrokinetic  moment 
of  a  current,  into  the  meaning  of  which,  however,  we  need 
not  here  enter,  since  he  himself,  further  on,  puts  [p]  =  ["Oj 
and  therefore  we  can  in  the  first  of  the  above  equations  sub- 
stitute [??i]  for  [p].  If  we  then  multiply  the  two  equations 
together,  we  obtain  the  equation 

[m]  =  [ML2T-'] (6) 

This,  according  to  Maxwell,  holds  good  for  every  system  of 
measurement;  hence  in  his  developments  it  plays  the  same 
part  as  equation  (3)  does  in  ours. 

The  way  in  v>'hich  he  arrives  at  his  equation  rests  upon  his 
bringing  into  calculation  the  force  exerted  by  a  current  upon 
a  magnetic  pole,  in  a  similar  manner  to  that  in  which  we,  in 
deducing  equations  (1)  and  (2),  have  brought  in  the  force 
actinof  between  two  units  of  electricity,  and  between  two  units 
of  magnetism,  respectively.  The  force,  however,  which  a  cur- 
rent exerts  upon  a  magnetic  pole  is  electrodynamic;  and  from 
this  it  follows  that  an  equation  of  which  the  deduction  is  based 
upon  this  force  can  be  regarded  as  valid  only  in  the  dynamic 
system  founded  upon  the  electrodynamic  forces,  and  not  in 
the  static  system  based  on  the  electrostatic  forces. 

Indeed  it  is  also  manifest  that  Maxwell's  equation  (IG)  leads 
to  the  same  result  in  the  dynamic  system  of  measurement  as 
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our  equation  (3),  while  in  the  static  system  it  gives  a  different 
result.     If,  uamelvj  we  put,  first, 

and  divide  this  equation  by  (2),  there  comes 

M  =  [M^L-^], 

which  equation  agrees  with  equation  (5)  above  given.     But  if 
we  put 

[^,m,]  =  [ML^T-'], 

and  divide  this  by  (1),  we  get 

K]  =  [M  L], (7) 

which  is  different  from  our  equation  (4),  at  which  we  arrived 
by  employing  equation  (3). 

Bv  Maxwell's  incorrect  formula  for  the  static  maornetism- 
unit  the  formula?  of  other  units  in  the  static  system  of  mea- 
sures, dependent  on  the  unit  of  magnetism,  have  been  ren- 
dered also  incorrect,  in  a  not  inexplicable  manner. 

§  4.   The  Determination  of  other  Units. 

The  units  of  electricity  and  magnetism  in  both  systems  of 
measures  having  been  determined,  the  units  for  the  other 
quantities  also  which  occur  in  electric  and  magnetic  investi- 
gations can  now  be  easily  deduced.  Of  these  the  most  impor- 
tant only  may  here  be  mentioned. 

The  unit  of  the  intensity  of  a  current  results  very  simply 
from  understanding  by  current-intensity  the  quantity  of 
electricity  flowing  in  unit  time  through  a  cross  section. 
Hence  we  only  need  here  to  divide  the  unit  of  electricity  by 
the  unit  of  time;  and  we  thereby  obtain,  if  i  denotes  intensity, 
the  following  equations  relating  to  the  two  systems  : — 

[g=[^=[MiL5T-^, (8) 

M  =  [^]  =  [^i*L^T-] (9) 

The  unit  of  electromotive  force  is  most  simply  determined 
from  the  condition  (which  holds  universally)  that  the  product 
from  the  units  of  electromotive  force,  current-intensity,  and 
time,  or  (what  is  the  same)  the  product  from  the  units  of  elec- 
tromotive force  and  quantity  of  electricity,  must  be  equal  to 
the  unit  of  mechanical  work.     From  this,  namely,  we  obtain, 
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if  E  denotes  electromotiye  force,  the  equation 

[E^]  =  [ML^T-^]; (10) 

and  if  this  equation  be  brought  into  the  form    ' 

and  then  applied  successively  to  both  systems,  the  following 
equations  are  arrived  at: — 

[E.]=mgp  =  [lI*LiT-],     .     .     (U) 

[E,]=ffig3=[MiLtT-=].      .     .     (12) 

The  unit  of  resistance  of  conductors  is  defined  as  the  resist- 
ance of  a  conductor  in  which  the  unit  of  electromotive  force 
generates  a  current  of  unit  intensit3^  We  have,  therefore,  in 
order  to  deduce  the  formula  for  it,  only  to  divide  the  unit  of 
electromotive  force  by  the  unit  of  current-intensity;  and  then 
we  get,  if  E,  denotes  conductors'  resistance: — 

[BJ  =  ^  =  [L-T], (13) 

Finally,  the  capacity  of  a  conducting  body  may  also  be  con- 
sidered, by  which  is  to  be  understood  the  quantity  of  electri- 
city which  the  body  can  receive  through  the  action  of  a  unit 
of  electromotive  force.  Since  accordino-  to  this  definition  the 
capacity  of  a  body  to  which  the  unit  of  electromotive  force 
can  convey  a  unit  of  electricity  is  to  be  considered  the  unit  of 
capacity,  in  order  to  construct  the  formula  for  the  capacity- 
unit  we  have  to  divide  the  electricity-unit  by  the  unit  of  elec- 
tromotive force  ;  and  from  this  we  obtain,  if  C  denotes  capa- 
city:— 

[C.]  =  -^  =  [L],       ....     (15) 

t^^>fer[L--r].    .   .   .   (16) 

For  the  sake  of  clearness,  the  units  which  have  been  suc- 
cessively determined  in  the  foregoing  may  here  be  tabu- 
lated:— 
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M=[M^L?T-^], 
[is']  =[M*L^T-n, 

[a]-[L]. 


[mrf]  =  [M*LtT-'], 
M=[M^L*T-], 
[E,]  =  [M*Li-T-^, 
[R,]  =  [LT-], 

[C,]=[L-^T^]. 


§  5.   Comjyarison  of  the  Units  of  the  tioo  Systems. 

In  the  foregoing,  in  determining  the  static  units  the  mea- 
surement based  on  the  electrostatic  force,  and  in  determininor 
the  dynamic  units  the  measurement  based  on  theelectrodynamic 
force,  Avere  employed.  The  formulse  thus  formed  can  there- 
fore only  serve  to  express  the  relation  in  which  the  units  of 
each  system  stand  to  one  another,  but  not  to  compare,  as  to 
their  quantity,  a  unit  of  one  of  the  systems  with  the  corre- 
sponding unit  of  the  other.  For  this  latter  purpose  the  ratio 
between  the  electrodynamic  and  the  electrostatic  force  must 
also  be  taken  into  account. 

In  the  static  system  the  force  between  two  quantities  of 
electricity  is  expressed  simply  by  the  product  of  the  quantities 
of  electricity  divided  by  the  square  of  the  distance  ;  A\hile  the 
force  between  two  quantities  of  magnetism  has  for  its  ex- 
pression in  the  static  system  the  product  of  the  quantities  of 
magnetism  divided  by  the  square  of  tlie  distance  and  then 
multiplied  by  a  constant  factor  k,  which  determines  the  ratio 
between  the  electrodynamic  and  the  electrostatic  force.  In 
the  case  of  the  quantities  of  electricity  and  magnetism  con- 
sidered being  assumed  as  units,  the  expressions  of  the  two 
forces  are  [e'fL"^]  and  k[_mllj~  ]. 

Now,  in  order,  first,  to  learn  more  precisely  the  nature  of 
the  factor  k,  we  will  in  the  last  expression,  in  accordance  with 
(3a),  put  for  [wj  the  product  [LT~']  .  [e^],  by  which  it  is 
changed  into  A:[L^T~^]  .  [t'^L~^].  Now,  as  in  this  expression 
the  last  factor  [t^^L"^]  represents  a  force  (viz.  the  unit  of 
force),  and  the  whole  expression  is  also  to  represent  a  force, 
the  product  Z;[L-T~^]  must  be  a  pure  numerical  value,  whence 
it  follows  that  k  must  be  the  reciprocal  value  of  the  square  of 
a  velocity.     Consequently,  if  we  choose  the  symbol  K  for  the 

latter,  we  can  write  k=  -tt^,,  by  which,  if  at  the  same  time  we 
put  the  formula   [MLT~^],  representing  the  force-unit,  for 
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\_el'L~'^~\,  we  get  the  following  expression  for  the  force  exerted 
by  two  static  units  of  magnetism  upon  one  another  at  unit 
distance: — 

^^[MLT-^]. 

The  Telocity  denoted  by  K,  which,  so  far  as  the  measurements 
hitherto  effected  permit  a  judgment  to  be  formed,  agrees  with 
the  velocity  of  light  in  vacuo,  is  a  quantity  so  important  for 
electricity  that  it  seems  conyenient  to  introduce  a  special 
name  for  it ;  and  I  propose  to  call  it,  analogously  to  a  name 
introduced  by  Andrews  into  the  theory  of  heat,  the  critical 
velocity. 

ReturninfT  now  to  the  consideration  of  the  magnetic  forces, 
accordino;  to  the  above  the  force  exerted  between  two  static 
units  of  magnetism  at  the  unit  of  distance  is  equal  to  the  frac- 
tion ^       i  of  a  unit  of  force.     The  force  between  two  dy- 

namic  units  of  magnetism  at  unit  distance  is,  on  the  contrary, 
according  to  §  1,  equal  to  a  unit  of  force.     Consequently  the 

rL-T~^i 

latter  force  is  to  the  former  as  1  to  - — tt — =^5   or  as   K"-   to 

TL'T"^].  Since,  then,  the  forces  must  at  equal  distances  be 
as  the  products  of  the  quantities  of  magnetism  acting  upon 
each  other,  and  consequently  in  the  present  case  as  the  square 
of  the  dynamic  unit  of  magnetism  to  the  square  of  the  static 
unit  of  magnetism,  these  two  squares  must  also  be  as  K^  to 
[L-T~^],  and  the  two  units  of  magnetism  themselves  must 
therefore  be  as  K  to  [LT~^]. 

In  representing  this  result  mathematically,  we  must  not 
denote  the  units  of  magnetism  simply  by  [?ns]  and  [rn^] ;  for 
these  symbols  represent  the  quantities  of  magnetism  under 
consideration  (taken  as  units)  on  the  hypothesis  that  the  one 
is  measured  with  the  aid  of  the  electrostatic  and  the  other  with 
the  aid  of  the  electrodynamic  force.  For  a  comparison  of  the 
macrnitudes  of  the  two  units,  however,  it  is  necessary  that  both 
be  measured  by  the  same  measure — and  consequently  that 
either  the  dynamic  unit  be  reduced  to  static  measure  or  the 
static  unit  to  dynamic  measure.  For  these  reduced  values  we 
will  introduce  a  special  symbol.  To  indicate  that  a  quantity 
whose  former  symbol  supposes  dynamic  measurement  is  mea- 
sured according  to  static  measure  we  will  prefix  to  that  symbol 
V.  s.,  the  initials  of  valor  staticus;  and  to  indicate  that  a  quan- 
tity whose  former  symbol  supposes  static  measurement  is 
measured  according  to  dynamic  measure,  we  will  prefix  to  that 
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symbol  v.  d.,  the  initials  oi  valor  dynamicus.  Thus^  v.  s.  [m^] 
denotes  the  value  measured  according  to  static  measure  of  the 
dynamic  unit  of  magnetism,  and  v.  d.  [m,]  the  value  mea- 
sured according  to  dynamic  measure  of  the  static  unit  of  mag- 
netism. 

With  the  aid  of  these  symbols  we  can  now  express  the  above 
result  as  follows: — 

V.  s.  \_ma\  _       \_mi\      _      K  .^-. 

M      ~v.d.[mj  -[LT-']'         •     •     ^'   ^ 

In  accordance  with  this,  and  employing  the  before-given 
formulae  for  [/«,]  and  [m^],  the  following  two  pairs  of  equa- 
tions for  the  two  systems  of  measurement  can  be  formed: — 

M  =  []\0L^T-'];     v.s.  [;«rf]  =  [M^L^-T-']K;    .    (18) 

v.d.  [mJ  =  [M^Li-T-']K-';     [«^,]  =  [M^LiT-^].  .    .   (19) 

From  these  equations  corresponding  equations  for  the  units 
of  the  other  quantities  can  also  be  derived. 

As  to  the  quantity  e,  we  can  put,  in  accordance  with  (3  a) 
and  (3b), 

W=K][L-^T],        M=D^/^.][L-'T], 

and  hence  also 

V.  d.  M  =  V.  d.  [ins']  [L-'T] ,     V.  s.  M  =  V.  s.  [»2,]  [L-'T] . 

By   employing  these  values   we   obtain  from   the  preceding 
equations: — 

v.s.  M_      M      _      K 

W      ~v.d.  [.J-[LT-^j' ^-^^ 

[.J=[M^L5T-'];     v.s.[.,]  =  [M*L*JK,    .  (21) 

v.d.  [.J  =  [M*LiT-']K-';      [.,]  =  [M^L^].        .  {2-2) 

From  these  equations  we  get  for  /,  conformably  with  (8) 
and  (9):— 

^•S-   [^'J [y ^  /90X 

W      "v.d.[/J  -[LT-]' ^'^^ 

[4]  =  [M-^LiT-^];     v.s.  [.-,]  =  [M^L^T-'IK,    .    (24) 
v.d.  [;j  =  [M^L?T-^]K-';     [/,]  =  [M^L^T-'].      .     (25) 

For  E  we  get,  from  the  equations  for  e  in  conjunction  with 
equations  (11)  and  (12): — 

[EJ  v.d.  [EJ--^— '      •     •     •     ^'""^ 


2m-2TJ       ....        (32) 
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[EJ  =  [M*L*T-'];  v.s.[E,]  =  [M'^L^T-^K-^  (27) 

v.d.  [EJ  =  [M^L^T-']K;      [E,]  =  [M^^LtT-^].     .     (28) 

For  R  there  result  from  the  equations  for  E  and  i  in  con- 
junction with  equations  (13)  and  (14): — 

— p^r  -  V.  d.  [EJ  K^'       •     •     •     ^"'^ 

[RJ  =  [L-'T] ;     V.  s.  [R J  =  [LT"']  K-,  (30) 

v.d.  [R]  =  [L-^TJK^;       [RJ  =  [LT-'].     .     (31) 

Lastly,  for  C  we  get  from  the  equations  for  e  and  E  in  con- 
junction with  equations  (15)  and  (16): — 

v.s.[CJ_      [C]      _      K 
[CJ     -y.d.  [CJ      [M-^J 

[CJ  =  [L1;     v.s.  [C,]=[L-T^]K^     .     (33) 

v.d.[CJ=[L]K-^      [CJ  =  [L-T^].     .     .     (34) 

§  6.  MaxwelVs  Statements  respecting  the  Ratios  between  the 
Static  and  Dynamic  Units. 

On  the  ratios  between  the  static  and  dynamic  units,  discussed 
in  the  foregoing  section,  Maxwell  expresses  himself  differently. 
He  gives,  in  his  work  on  Electricity  (vol.  ii.  p.  243),  the  fol- 
lowing table,  in  which  I  have  merely  taken  leave  to  alter 
the  letters  employed  for  the  notation  so  as  to  make  them  agree 
with  our  notation: — 

Number  of  Electrostatic  Units  in  one  Electromagnetic  Unit. 
For  e  and  i K, 

„    m  and  E, ^j 

„    C K', 

R  ^. 

Among  these  statements,  that  which  refers  to  the  magnetism 
m  directly  contradicts  our  equation  (17),  since  with  Maxwell 
K  stands  in  the  denominator,  while  in  equation  (17)  K  stands 
in  the  numerator.  The  mistake  made  by  Maxwell  in  this 
statement  is  a  consequence  of  the  already  mentioned  oversight 
made  by  him  in  the  construction  of  the  expression  for  the 
electrostatic  unit  of  magnetism. 


Measures  for  Electric  and  Magnetic  Quantities.        393 

With  respect  to  the  rest  of  the  statements,  I  think  I  must 
make  one  remark  upon  their  form.  I  cannot  admit  it  to  be 
mathematically  correct  to  say  that  the  number  of  the  electro- 
static units  in  an  electromagnetic  (or  electrodynamic)  unit  is 
equal  to  a  velocity  or  to  any  power  of  a  velocity.  It  is  true 
that  Maxwell  himself  has,  in  another  passage,  somewhat 
modified  his  manner  of  expression  by  adding  the  word  "  nume- 
rically "  to  the  word  "equal  ;"  but  other  authors,  who  have 
followed  him  in  treating  of  the  units,  have  paid  no  particular 
regard  to  this  addition,  but  have  simply  retained  the  above 
form,  to  which  they  have  thereby  given  wide  diffusion. 

A  manner  of  expression  of  this  sort  permits  it  to  be  inferred 
that  formulae  of  different  dimensions  in  respect  of  their  quan- 
tity are  compared  with  one  another,  which  is  inadmissible. 
If  one  wishes  to  compare  a  static  unit  with  the  corresponding 
dynamic  unit  with  respect  to  quantity,  one  must,  as  we  have 
above  done,  express  both  in  one  and  the  same  system  of  mea- 
sures, and  consequently  either  reduce  the  dynamic  unit  to 
static  measure  or  the  static  unit  to  dynamic  measure.  Thereby 
are  obtained  formula  of  equal  dimensions;  and  when  these  are 
compared  with  one  another,  it  is  found,  not  that  the  number 
of  static  units  is  equal  to  a  velocity  or  to  a  power  of  a  velocity, 
but  that  it  is  equal  to  the  ratio  of  two  velocities,  or  equal  to  a 
power  of  that  rdtio. 

I  believe  that  in  investigations  like  that  with  which  we  are 
here  occupied,  in  which  it  is  precisely  the  determination  of 
the  dimensions  of  the  different  kinds  of  quantities  that  is 
chiefly  the  question,  it  is  essentially  important  that  even  the 
manner  of  expression  in  regard  to  the  dimensions  be  abso- 
lutely correct. 

§  7.    The  Practical  System  of  Pleasures. 

In  all  that  has  been  said  hitherto  the  question  has  been  only, 
how  can  the  units  relating  to  electricity  and  magnetism  be 
represented  by  the  fundamental  units,  namely  the  units  of 
mass,  length,  and  time  ?  The  quantity  which  has  been  given 
to  the  fundamental  units  must  now  be  discussed. 

Gauss  and  Weber,  who  introduced  the  electrod-ymamic 
system  of  measures,  selected  as  the  units  of  mass,  length, 
and  time  the  milligram,  millimetre,  and  second  ;  while  the 
British  Association  (who  in  the  rest  have  adopted  the  system 
of  Gauss  and  Weber)  have,  at  the  suggestion  of  Sir  William 
Thomson,  chosen  the  gram,  centimetre,  and  second  as  units  of 
mass,  length,  and  time. 

Both  systems  of  fundamental  units,  however,  furnish  elec- 
trical units  the  magnitude  of  which  is  very  different  from  the 
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magnitudes  to  be  practically  measured  ;  so  that  the  latter  can 
only  with  the  aid  of  very  large  or  very  small  numerical  values 
be  represented  by  those  units.  To  avoid  this  inconvenience, 
the  British  Association,  and  in  connexion  with  it  the  Congress 
of  Electricians  at  Paris,  have  decided  to  multiply  or  divide  the 
electrical  units  resulting  from  Thomson's  systerri  of  funda- 
mental units  by  certain  (some  of  them  very  high)  powers  of 
10,  and  thus  to  form  units  of  practically  suitable  magnitude. 

For  these  latter,  names  borrowed  from  celebrated  men  spe- 
cially meritorious  with  respect  to  this  branch  of  physics  were 
then  chosen.  Among  the  units  we  have  above  discussed,  only 
one  is  left  without  a  name,  and,  indeed,  just  that  which 
forms  the  base  of  the  dynamic  system,  namely  the  unit  of 
magnetism.  Hence  I  would  take  leave  to  propose  that  for 
it  the  name  "  weber"  be  introduced  ;  for  to  Weber  we  are 
indebted  for  singularly  great  advances  in  regard  to  elec- 
trical measurements,  and  he,  in  conjunction  Avith  Grauss,  was 
the  founder  of  the  electrodynamic  system.  Hence  also,  for- 
merly, one  of  the  units,  the  unit  of  current-intensity,  was 
designated  by  his  name.  In  the  practical  system  now  intro- 
duced, however,  it  turned  out  that  the  unit  of  current-intensity 
which  fits  into  this  system  differs  from  that  designated  by  the 
name  of  Weber  in  the  proportion  of  1  to  10;  and  as  it  was 
feared  that  confusion  might  be  produced  by  employing  the 
same  name  for  the  new  unit,  another  name,  ampere,  was  given 
to  it.  Accordingly,  if  the  name  of  Weber  were  not  intro- 
duced for  the  unit  of  another  kind  of  quantity,  it  would  be 
missing  in  the  system  of  names,  which  would  not  be  in  keep- 
in  o-  with  justice.  I  therefore  think  I  may  reckon  upon  my 
proposal  meeting  with  general  assent. 

The  practical  system  of  measures  established  by  the  Con- 
gress of  Electricians,  with  the  inclusion  of  the  above-discussed 
unit  of  magnetism,  if  the  gram  and  the  centimetre  be,  as  is 
usual,  denoted  by  gr  and  cm  and  the  second  by  s,  can  be 
written  as  follows: — 


Weber  {ma\=gricml s-\W, 

Coulomb    ...    [q]  =(7r2  CW2. 10"', 

Ampere [^  =grh  cmi  «-' .  10~', 

Volt [E  J  =gA  c?nl  s-^ .  10^, 

Ohm [R^l=cms-MO", 

Farad    [C^]  =cm-' s"'.  10"'. 
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§  8.    The  Practical  System  of  Measures  as  a  Simple  System. 

In  the  foregoing  form  the  practical  system  has  the  incon- 
venience that  with  every  unit  one  must  bear  in  mind  the  power 
of  10  by  which  the  general  formula  given  in  §  4  is  to  be  mul- 
tiplied. Nevertheless,  as  the  Committee  of  the  British  Asso- 
ciation has  already  remarked,  by  a  suitable  selection  of  the 
fundamental  units  the  practical  can  be  made  a  simple  system, 
in  which  all  the  units  can  be  represented  merely  by  the  for- 
mulas given  in  §  4.  For  this  purpose  1 .  10" '^r  must  be  taken 
as  the  unit  of  mass,  and  1  .  l()^cm  or  1 .  10';^  as  the  unit  of 
length,  while  the  time-unit  remains  1  second. 

If  the  length  1 .  l(f'm  be  denoted  by  q  to  indicate  that  it  is 
equal  to  a  quadrant  of  the  meridian,  and  the  mass  1 .  10"  gr 
by  Pj  the  practical  units  can  be  written  as  follows : — 

Weber  [»?- J  =^pi  q^s~^, 

Coulomb   [^v,]  =p2  qh, 

Ampere [/^]  =p>2qi  s~'^, 

Volt  [EJ  =piq%s-\ 

Ohm [iy-?-5-s 

Farad    [Ga'\=q-'s\ 

This  manner  of  representing  them  has  manifestly  the  advan- 
tage of  greater  simplicity  ;  and  at  the  same  time  it  is  further 
to  be  remarked  that  the  units  of  other  kinds  of  electric  and 
magnetic  quantity,  not  contained  in  the  preceding  table, 
assume  a  similar  simple  form  when  these  fundamental  units 
are  employed;  while  if  ^r,  cm,  s  be  used,  the  formula  of  every 
new  unit  must  be  provided  with  a  specially  to  be  determined 
power  of  10  as  a  factor,  by  which  the  distinctness  and  ready 
intelligibility  of  the  formula  are  impaired. 

The  circumstance  that,  in  order  to  obtain  at  once  for  elec- 
tric units  values  agreeing  to  some  extent  with  the  quantities 
we  have  at  other  times  to  measure,  and  hence  convenient  for 
us,  so  very  small  a  unit  of  mass  and  so  very  large  a  unit  of 
length  must  be  employed,  is  to  be  regarded  as  a  characteristic 
peculiarity  of  electricity,  and  hence  cannot  be  avoided.  In 
order,  then,  to  facilitate  the  representation  in  investigations 
in  which  such  very  small  and  very  large  units  occur,  it  is 
desirable  to  be  able  to  state  them  briefly,  not  only  by  mathe- 
matical symbols,  but  also  in  words ;  and  I  Avould  make  a  pro- 
posal for  that  purpose. 

In  the  French  system  of  weights  and  measures,  as  is  well 
known,  for  each  kind  of  quantity,  starting  from  the  funda- 
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mental  unit,  the  first  three  lower  units  resulting  from  divisions 
by  ten  are  named  by  j^refixing  the  words  deci,  centi,  and  milli, 
borrowed  from  the  I.atin,  and  the  first  four  higher  units, 
resulting  from  rnulliplications  by  ten,  by  prefixing  the  words 
deka,  hekto,  kilo,  and  myria,  borrowed  from  the  Greek.  I 
propose,  then,  to  employ  for  naming  the  lower  units  arising 
from  further  divisions  by  10,  and  the  higher  units  arising 
from  multiplications  by  ten,  likewise  Latin  and  Greek  nume- 
rals, but  ordinal  numerals,  which  will  specify  the  negative  or 
positive  exponents  of  the  powers  of  ten  by  which  the  funda- 
mental unit  is  to  be  multiplied;  so  that,  for  instance,  with  the 
metre  the  fifth  lower  unit  1  .  lO""??!  will  be  called  a  quinto- 
metre,  and  the  fifth  higher  unit  1 .  10'^;/«  a2)empt07netre,  and  cor- 
respondently  with  the  gram  and  other  fundamental  units*. 

According  to  this,  we  have  to  call  the  mass  1 .  10"  "^r, 
occurring  in  the  above  system,  an  iindechnogram,  and  the 
length  1  .  10' m  a  hebdometre.  The  practical  system  of  mea- 
sures is  consequently  characterized  in  its  entirety  by  the 
name  the  electrodynamic  system  of  measures  iindecimogram, 
hebdometre,  second.  This  name  easily  impresses  itself  in  the 
memory;  and  by  it  the  aim  of  a  more  precise  definition  of  the 
system  is  more  perfectly  attained  than  by  saying  that  it  is  the 
electrodynamic  system  of  measures  gram,  centimetre,  second,  in 
which,  however,  each  unit  must  be  multipied  by  a  specially  to 
be  stated  power  of  ten. 

§  9.  The  Critical  System. 
We  have  seen,  in  section  5,  that,  in  the  different  kinds  of 
electric  and  magnetic  quantity,  the  ratio  of  the  dynamic  unit 
to  the  value  of  the  static  unit  measured  according  to  dynamic 
measure,  or,  what  comes  to  the  same,  the  ratio  of  the  value  of 
the  dynamic  unit  measured  according  to  static  measure  to  the 
static  unit,  is  always  represented  by  a  power  of  the  ratio  of 
the  critical  velocity  to  the  velocity-unit.  It  thence  follows 
that,  if  the  fundamental  units  be  chosen  so  that  the  velocity- 
unit  becomes  equal  to  the  critical  velocit}-,  then  those  ratios 
become  each  equal  to  1.     A  system  of  measures  in  which  this 

*  Only  the  higher  unit  resulting-  from  multiplication  by  10''  makes  a 
little  diificulty.  As  the  sixth  is  eKi-os  in  Greek,  in  accordance  -Rith  the 
above  we  should  have,  properly,  to  call  the  quantity  1 .  lO'^m  a  hecto- 
metre. But  in  the  French  system  of  measures  the  prefix  hchto  is  abeady 
employed  in  another  sense,  namely  as  a  contraction  of  fKarov,  so  that  hek- 
tometre  signifies  100?« ;  and  Ave  must  therefore  seek  help  from  some  other 
source  for  the  naming  of  1 .  10^.  To  that  end  we  might,  c.  (j.,  deviating 
somewhat  from  Greek  usage,  say  hexometre,  or  even  employ  the  prefix 
tmya,  proposed  for  this  order  of  quantity  by  the  British  Association,  and 
form  the  name  meyametre. 
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takes  place  will,  as  has  been  insisted  by  other  authors,  be 
distinguished  above  the  rest  by  simplicity.  Such  a  one  may 
here,  in  conclusion,  be  discussed. 

First,  as  to  the  time-unit  to  be  employed  in  the  new  system, 
this  can  be  selected  at  pleasure  ;  but,  since  all  the  systems 
hitherto  considered  agree  in  having  a  second  as  the  unit  of 
time,  there  is  no  reason  for  choosing  any  other  time-unit  here, 
and  Ave  therefore  retain  the  second. 

By  this  determination  of  the  time -unit  the  unit  of  length  is 
also  determined,  because  as  such  that  length  must  be  taken 
which  a  point  endowed  with  the  critical  velocity  would  travel 
in  one  second.  This  amounts  to  approximately  oO  meridian- 
quadrants,  and  is  consequently  about  oO  times  the  unit  of 
length  of  the  practical  system  of  measures.  We  will  denote 
it  by  X. 

There  still  remains  to  be  determined  the  unit  of  mass.  This 
has  no  influence  upon  the  unit  of  velocity  ;  so  that  any  value 
whatever  can  be  given  to  it  without  altering  the  unit  of  velo- 
city; hence  it  appears  to  me  most  expedient  so  to  choose  this 
value  that  two  of  the  most  important  electrical  units,  viz. 
those  of  quantity  of  electricity  and  intensity  of  current,  take 
the  same  values  in  the  new  system  of  measures  as  in  the  prac- 
tical system.  In  the  latter  we  have,  according  to  the  prece- 
ding section,  to  put 

[^A=ph^  and  [i,]=2^hh-'; 

and  in  the  new  system,  if  its  unit  of  mass  be  denoted  by  /x, 
tlie  following  equations  must  hold  : — 

[ej=/a*\3;  and  [ia]~/J'^h-K 

Now,  if  the  latter  values  of  [q]  and  [z^]  are  to  agree  with  the 

former,  the  products  yct-  M  and  j)'^  Q^  must  be  equal,  and  hence 
also 

H''^^=P9, (35) 

±rom  which  follows 

^=P| (36) 

Hereby  the  determination  of  fi  is  reduced  to  the  determina- 
tion of  X,  and  consequently  to  the  determination  of  the  critical 
velocity  ;  and  from  what  has  been  said  above  respecting  the 
approximate  value  of  X,  it  results  that  /j,  is  approximately  ^q 
undecimogram  or  X  duodecimogram — that  is,  a  three  billionth 
of  a  gram. 
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This  system,  in  which  the  velocity- unit  is  equal  to  the  cri- 
tical velocity,  may  he  called  the  critical  system  of  measures  ; 
and  here  the  values  corresponding  to  it  of  the  electric  and 
magnetic  units  may  also  be  collected: — 

1        3  Aj 

[wj  =v.  d.  [m^  =fj,^X's-^=-  weber, 
[c'J  =v.  d.  [fj  =jj;^X^=l  coulomb, 
[/J=v.  d.   [i J  =yw.^X,-5~'  =  l  ampere, 
[E,]=v.d.  [EJ=^^X?.-^=^volt,■ 
[ll,]=v.d.[R,]=:X^-'=^ohm, 

[C,]=v.d.[CJ=X-.^=|farad. 

.\lthough  this  critical  system  of  measures  is  not  suited  for 
practical  measurements,  and  especially  for  the  preparation  of 
standards,  because  the  critical  velocitv  is  not  yet  kuoAvn  with 
sufficient  precision^  yet  it  may  offer  great  conveniences  in 
theoretic  investigations,  on  account  of  the  accordance  between 
the  values  of  the  static  and  dynamic  units. 


L.  On  the  Question  of  Electrijication  hy  Evaporation.  By  S. 
H.  Feeemax,  Fellow  in  Physics,  Johns  Hopkins  University, 
Baltimore,  J/d* 

IT  has  been  very  commonly  believed  that  evaporation  is  an 
important  source  of  atmospheric  electricity.  So  far  as 
this  belief  has  an  exj^erimental  basis,  it  is  to  be  found  in  the 
researches  of  Pouilletf  and  of  Tait  and  WanklynJ.  In  com- 
parison with  their  work  the  experiments  of  A'^olta,  Saussure, 
and  others  are  of  little  value.  As  the  result  of  an  elaborate 
series  of  experiments,  Pouillet  came  to  the  following  conclu- 
sions:— 

1 .  Simple  changes  of  state  never  give  the  least  sign  of  elec- 
tritication. 

*  Conmiuuicatc'd  by  the  Author. 

t  Aunalcs  de  Chiinic  c-t  de  Physique,  ser.  2,  tomt'  xx.w.  p.  401,  and  xxxvi. 
p.  4. 

t  riiil.  .Ma^^  scr.  4.  vol.  xxiii.  p.  4l)J. 
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2.  From  solutions  of  alkaline  solids  the  water  evaporated 
carries  aAvay  a  negative  charge. 

'    3.  From  solutions  of  gases,  acids,  or  salts  the  water  carries 
off  a  positive  charge. 

Tait  and  Wanklyn  repeated  Pouillet's  experiments  with  a 
more  sensitive  electrometer.  They  detected  electrification 
where  Pouillet  had  failed  to  do  so,  e.  g.  in  the  evaporation  of 
distilled  Avater  ;  and  in  some  other  cases  the  effects  obtained 
were  totally  different  in  kind  and  degree  from  those  obtained 
by  Pouillet  and  earlier  experimenters. 

In  these  experiments  a  few  drops  of  liquid  were  dashed  on 
a  red-hot  platinum  dish  insulated  and  connected  Avith  an  elec- 
trometer. So  long  as  the  spheroidal  state  continued,  little  or 
no  electrification  Avas  observed;  but  as  soon  as  A'iolent  A'apori- 
zation  began,  decided  deflections  Avere  obtained.  This  fact 
and  other  circumstances  about  the  experiments  indicate  that 
friction  Avas  the  chief  source  of  electrification,  and  make  it 
doubtful  AA'hether  evaporation  had  any  part  in  producing  the 
obserA^ed  electrification.  Tait  and  Wanklyn  recognized  the 
fact  that  to  friction  Avas  due  a  large  part  of  the  electrification 
AA-hich  they  obtained.  Still,  in  his  lectures  on  Thunder- 
storms*, Professor  Tait,  speaking  of  atmospheric  electricity, 
says : — "  In  calm  clear  weather  the  atmospheric  charge  is 
usually  positiA'e.  This  is  A-ery  commonly  attributed  to  evapo- 
ration of  Avater  ;  and  I  see  no  reason  to  doubt  that  the  pheno- 
mena arc  closeh'  connected."  After  readino;  these  lectures, 
the  Avriter  of  this  article  decided  to  iuA'estigate  AA'hether  CA^a- 
poration  alone  and  under  normal  conditions  causes  electrifica- 
tion, and  Avhether  such  electrification,  if  any,  is  sufficient  to 
account  for  the  phenomena  of  atmospheric  electricity.  In  this 
connexion  it  will  be  remembered  that  Faraday  traced  the  elec- 
tricity, produced  by  the  escape  of  steam  or  Avater  from  orifices, 
to  friction,  and  concluded  it  was  not  due  to  CA^aporation,  nor 
did  it  haA'e  any  bearing  on  atmospheric  electricity. 

The  inA"estigation  Avas  begun  Avith  the  expectation,  on  the 
part  of  the  writer,  of  finding  electrification ;  Prof.  EoAvland, 
to  Avhoui  the  author  is  much  indebted,  belicA'cd  that  no  elec- 
trification Avould  be  found.  In  any  case  the  subject  seemed 
important  enough  to  warrant  experiments,  which  Avere  free 
from  the  objections  Avliich  hold  against  those  already  described. 
At  the  A'ery  beginning  of  the  investigation  it  Avas  found  that 
at  most  the  electrification  due  to  evaporation  Avould  be  ex- 
tremeh'  small,  and  A^erA'  great  caution  AA'ould  be  necessar\'  to 
elnmnate  various  sources  of  error.     The  apparatus  finally  used 

*  'Nature,'  a'oI.  xxiii.  p.  -340. 
2H2 


400  Mr.  S.  H.  Freeman  on  the  Question 

consisted  of  an  evaporatiug-disb,  19  centim.  in  diameter  and 
1  centim.  deep,  insulated,  and  connected  with  one  pair  of  quad- 
rants of  a  Thomson's  quadrant-electrometer.  The  other  pair 
of  quadrants  and  the  case  of  the  electrometer  v.'ere  connected  • 
with  earth.  The  evaporating-dish  was  supported  on  a  wire 
frame  suspended  by  silk  threads.  To  prevent  disturbances 
due  to  electricity  on  neighbouring  objectSj  particularly  the 
clothes  of  the  observer,  it  was  found  necessary  to  enclose  the 
whole  ajjparatus  in  a  metallic  case.  Openings  were  made  in 
this  case,  to  facilitate  evaporation  and  to  permit  the  mirror  of 
the  electrometer  to  be  seen.  The  commutator  v\'as  governed 
by  a  silk  thread  passing  through  an  opening  in  the  case.  In 
the  experiments  the  results  of  Avhich  are  given  in  Table  II., 
the  CA^aporating-dish  was  of  copper  ;  in  the  other  cases  it 
was  of  tin.  The  liquids  examined  were  alcohol,  sulphuric 
ether,  water,  and  solutions  of  KaCl  and  of  CuSO^.  The  last 
three  were  most  carefully  studied — water  and  NaCl  because  of 
their  importance  in  evaporation  in  nature,  and  CUSO4  because 
of  the  veiy  large  deflections  which  Tait  and  Wanklyu  obtained 
■with  it. 

The  electrometer  amis  about  thirteen  times  as  sensitive  as 
Prof.  Tait's.  Its  deflections  were  reduced  to  absolute  measure 
by  comparison  with  a  Daniell's  cell,  the  deflections  produced 
by  which  Avere  observed  before  and  after  each  series.  The 
capacity  of  the  evaporating-dish  and  its  connexions  AA'as  found, 
by  comparison  with  Prof.  Rowland's  standard  condenser,  to 
be  65  centim.  nearl}-.  The  rate  of  CA^aporation  Avas  determined 
by  Aveighing  the  evaporating-dish  and  liquid  before  and  after 
each  series.  It  was  found  impossible  to  eliminate  every  source 
of  electricity  except  evaporation,  since  deflections  Avereahvays 
obtained  even  Avith  the  evaporating-dish  dry.  In  order  to 
correct  for  this,  each  series  began  and  ended  Avith  two  or  more 
observations  of  the  deflections  obtained  bv  insulatino-  for  u 
known  tnne,  usually  fiAe  minutes,  the  dry  evaporating-dish. 
Between  these  observations,  several  similar  observations  AAith 
the  liquid  evaporating  Avere  made. 

As  the  result  of  a  large  number  of  observations,  in  Avhich 
the  evaporating-dish  Avas  insulated  for  five  minutes. 

Alcohol  gave  a  potentian      n.r».i  4^        n.rui  .1    >     v     ta     •  n- 
from  J-  —0-04  to  — O'OD  that  ol  aDaiiiell  s 

Cotton  wet  with  alcohol  |  ^^^^^* 

gave  a  potential  from  j  +*^'^2  ^0  -<^^'<J^^  >!  „ 


Sulphuric  ether  gave  a  } 

potential  from  ^.     .       | -<H)2  to -(KO 


"  )j 
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(The  sign  indicates  tlie  charge  apparently  carried  away  by  the 
vapour.) 

No  correction  has  been  made  in  the  above  figures  for  the 
deflections  obtained  with  the  dry  dish.  These  were  more  vari- 
able, but  usually  of  the  same  sign  as  when  a  liquid  was  evapo- 
rating, and  of  a  magnitude  not  very  different.  Making  this 
necessary  correction. 

Alcohol  gave  a  potential  )  _^,^^^  to  -0-0G.5  that  of  a  Daniell's 
II  om  •     ....      J  r    11 

Cotton  wet  with  alcohol)      r^  r.-^o  ±       ,aa'/->  ^^^  ' 

L     i.-  ^  c        >  — O'Ozb  to— O'OoO         ,,         ,, 
gave  a  potential  from  j      ^  '  ^  "         " 

Sulphuric  ether  gave  a  1      a  aa  <  i.       a  a->o 
^  L    i.'  ^  c  > —0-004  to— 0-023 

potential  from      .J  ^  ^  *  jj         j? 

In  the  above  observations  the  rate  of  evaporation  was  not 
measured. 

The  earlier  observations  on  water  and  salt  water  gave  deflec- 
tions about  0-1  that  p-iven  bv  a  Daniell's  cell,  the  deflections 
with  the  dry  dish  being  nearly  the  same  (see  Table  I.).  Though 
the  dish  was  insulated  for  five  minutes  or  more,  the  position 
of  the  spot  of  light  was  read  every  thirty  seconds.  Far  the 
greater  part  of  the  deflection  was  attained  in  the  first  minute 
or  two ;  and  after  five  minutes  scarcely  any  further  deflection 
could  be  discovered. 

The  observations  thus  indicated  that  the  small  deflections 
obtained  were  mainly  due  to  leakage  from  electrified  parts  of 
the  apparatus.  The  sources  of  this  leakage  were  carefully 
investigated ;  and  three  principal  ones  were  discovered,  viz. 
the  charged  needle  of  the  electrometer,  the  vulcanite  posts 
supporting  the  electrodes  of  the  electrometer,  and  the  glass 
cup  of  the  commutator.  In  the  later  experiments  care  was 
taken  to  eliminate  these  sources  of  leakage  as  far  as  possible. 
The  connexions  were  so  made  that  the  electrodes  and  commu- 
tator were  not  touched  for  days  before  the  experiments,  and 
the  charge  on  the  needle  was  not  replenished  within  about 
twenty-fours  of  the  experiment.  When  these  precautions 
were  taken  the  deflections  became  less  than  0*01,  and  gene- 
rally less  than  0-005  of  a  Daniell's  cell  (see  Table  II.). 

In  contrast  with  these  deflections,  Tait  and  Wanklyn  ob- 
tained, by  dashing  liquids  on  red-hot  platinum,  for 

solution  CUSO4  a  potential  +  300  times  that  of  a  Daniell's  cell, 
solution  NaGl 
distilled  water 
alcohol 


J? 

j; 

T^  J 

Li  v./ 

)y 

J? 

J5 

> 

?J 

?5 

+ 

24 

7J 

;? 

/V 

J 

;> 

jj 

+ 

0 
0 

J? 

;? 

;> 

t 
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lu  order  to  compare  the  deflections  obtained  by  evaporation 
witli  those  obtained  by  friction,  the  experiments  of  Tait  and 
Wanklyu  were  repeated.  It  was  impossible,  however,  to 
measure  the  deflections  obtained,  since  in  ahnost  every  case, 
as  soon  as  the  spheroidal  state  ceased,  the  spot  of  light  went 
beyond  the  limits  of  the  scale. 

To  show  the  sensitiveness  of  the  apparatus  to  very  slight 
friction,  it  was  so  arranged  that  drops  of  liquid  could  fall  upon 
the  evaporating-dish  from  an  insulated  conductor  in  metallic 
connexion  with  it.  A  few  drops  of  liquid  falling  three  or  four 
centimetres  were  sufficient  to  give  deflections  of  nearly  the 
size  obtained  from  a  Daniel! 's  cell,  and  much  larger  than  any 
obtained  in  evaporation. 

In  order  to  compare  the  results  obtained  with  the  pheno- 
mena of  atmospheric  electricity,  the  writer  computed  the 
virtual  depth  of  water  which  would  be  necessary  to  produce 
one  flash  of  lightning  if  the  vapour  in  a  thunder-cloud  had 
been  electrified  as  indicated  by  the  experiments.  By  virtual 
depth  is  meant  the  depth  of  the  layer  of  water  over  the  whole 
area  of  the  cloud,  were  all  its  vapour  condensed  to  the  liquid 
state. 

Let  A  =  this  depth  in  centimetres  for  a  cloud  of  area  A 
and  height  a, 
Y  and  C  =  respectively  the  potential  and  capacity  of 

the  cloud, 
q  =  the  charge  per  gramme  of  water  : 
then 

Aq 

But,  from  Sir  Wm.  Thomson's  experiments,  Y  =  130a*; 
and  by  the  ordinary  formula  for  a  condenser  of  horizontal 
plates, 

0  = 

47ra 

Now,  in  the  experiments, 

let  d  =  the  deflection  obtained  by  insulating  for  /  minutes, 

and  apparently  due  to  evaporation, 
D  =  the  deflection  obtained  from  a  Daniell's  cell, 
'VV=  weight,  in    grammes,    of  liquid    evaporated    in   T 

minutes, 
V  and  c  =  potential  and  capacity  of  evaporating-dish  and 

its  connexions  ; 

*  Papers  on  Electricity  aud  Maguetism,  p.  250. 
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But  c]=65  centimetres,  as  stated  above;  and  v  =0"00374  ^^ 

in  electrostatic  units,  according  to  Sir  William  Thomson's 
measurements*,     Then 

in  terms  of  the  original  measurements  in  the  experiments, 


Table  I. 
Showing;  Results  of  earlier  Series. 


Liquid. 

Deflection   Deflection          d, 
with  evapo-  \  with  dry    i  in  scale- 
ration,            dish.        divisions. 

in  scale- 
divisions. 

in  minutes. 

Distilled  water 

Solution  NaCl  \ 

'       4-12 

4-82 

3-95 

^       2-48 

■\      6-70t 

1      3-47 

■i      ^'^^ 

4-60        ,   -fO-48 
4-33       '   -0-49 
4-50          +0-55 
2-33          -015 
4-68        i  -2-02 
4-40          +0-93 
3-94          -1-0-84 

4202 
4205 
41-.55 
42-00 
41-75 
41-50 
42-20 

5 
5 
5 
5 
5 
5 
5 

Liquid. 

T, 

in  minutes. 

^                     A,            Sign  of  appa- 

in  grammes.      '"^  'f  ^^^i-       rent  charge 
^               ;      metres.          of  vapour. 

Distilled  water  

Solution  Xa  CI  ■ 

1   ■'  ■" 
43 
43 
37 
41 
55 
54 
39 

1-41                G30 
0-49                210 
0-54                237 
0-80              1170 
0-29                 24 
i        0-48       ,          85 
0-70               194 

+ 
+ 

+ 

+ 

*  Papers  on  Electricity  and  Magnetism,  p.  24o. 

t  Throughout  this  series  there  was  an  instantaneous  deflection  at 
breaking  contact,  which  was  several  times  larger  than  the  total  deflection 
obtained  during  the  five  minutes'  insidation.  The  series  is  therefore  of 
much  less  value  than  any  of  the  others,  in  which  the  instantaneous  deflec- 
tion was  never  more  than  0-1  of  a  division. 
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Table  II. 


Showing  Results 

of  later  S 

eries 

• 

Deflection 

Deflection 

d. 

D, 

Liquid.                          .  ^^'^._      :       with 

in  scale- 

in  scale- 

i 

evapora- 
tion. 

dry  dish. 

divisions. 

divisions. 

03 

0-0 

-fO-30 

37-6 

0-12 

0-6 

-fO-60 

37-6 

0-8 

0-6 

-fO-20 

37-6 

Saturated  solutioii  OuSO^  ■ 

Of) 

0-4: 

> 

-fO-18 

39-6 

0-.5 

0-21 

-fO-29 

39-6 

01 

0-2 

I 

-0-11 

39-6 

\ 

0-3 

0-2 

1 

-fO-09 

39-6 

0-0 

0-3 

5 

-0-35 

39-6 

Saturated  solution  NaCl    \          0-2                0-12 

-fO-08 

39-6 

[          0-4               0-35 

+0-05 

39-6 

r 

1-0                0-6 

+  1-00 

37-6 

Hydrant  water • 

!         1-45              0-6 

'     4-0-85 

37-6 

1-3               0-6 

+0-70 

37-6 

Distilled  water 

O-o               0-6 
1-0               0-66 

1 

-0-10 

-fO-34 

i 

39-6 
37-6 

Cotton  wet  with  hydrant  1 
water  J 

Sign  of 

i       ^ 

T, 

w, 

^, 

apparent 

Liquid. 

in 

in 

in 

in  centi- 

charge 

minutes. 

minutes. 

grammes. 

metres. 

of 
vapour. 

/ 

2 

174 

3-19 

198 

+ 

2 

174 

3-19 

99 

+ 

10 

174 

319 

1482 

+ 

Saturated  solution  CUSO4  ■ 

10 

38 

0-9 

2240 

+ 

5 

38 

0-9 

695 

+ 

5 

38 

0-9 

1833 

5 

38 

09 

2240 

+ 

6 

30 

0-54 

525 

— 

Saturated  solution  NaCl  ■ 

2 

30 

0-54 

766 

+ 

6 

30 

0-54 

3678 

+ 

10 

30 

0-59 

318 

+ 

Hvdrant  water   ■ 

10 

30 

0-59 

373 

+ 

^^     J     4.4^    V*  *■■*  V         T'lVfcV/Jn                •■•■■•••■•■• 

10 

30 

0-59 

454 

-f 

Distilled  water 

i    11 

35 
30* 

0-89 

3031 

+ 

Cotton  wet  with  hydrant  | 
water   J 

0 

-59* 

1029 

The  actual  value  of  A  (the  virtual   depth  of  -water)  for  a 
cloud  1500  metres  thick,  if  condensation  began  at 
35°C.,is  about  5'9  centim. 


30 

V 

jj 

4-5 

J? 

25 

V 

JJ 

3-4 

}} 

20 

jy 

V 

2-6 

?j 

15 

jj 

jj 

1-9 

!} 

*  In  this  case  the  rate  of  evaporation  was  not  measm-ed,  but  was 
assumed  in  computing  A  to  be  the  same  as  for  liydrant  water  at  the  same 
time.    The  rate  was  probably  greater,  which  would  make  A  still  greater. 
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Hence,  even  if  the  deflections  cl  of  the  tables  be  really  due  to 
evaporation,  and  if  evaporation  be  the  principal  source  of  the 
atmospheric  electricity,  the  quantity  of  water  which  would  be 
required  to  produce  a  single  flash  of  lightning  is  very  much 
greater  than  the  actual  quantity  ever  found  in  a  thunder- 
cloud, while  the  thunder-cloud  usually  gives,  not  one,  but 
many  flashes. 

It  may  be  objected  to  this  reasoning  that  a  thunder-cloud 
in  some  way  collects  the  electricity  obtained  by  the  evapora- 
tion of  a  much  larger  quantity  of  water  than  that  contained 
in  itself.  On  this  account  it  is  of  interest  to  consider  the 
total  evaporation  on  the  globe.  If  100  centim.  be  taken  as 
the  average  annual  rainfall  for  the  whole  surface  of  the  eaiih, 
and  400  centim.  be  taken  as  the  value  of  A,  the  total  annual 
evaporation  on  the  earth  is  sufficient  to  produce  only  about 
14,000,000  flashes  of  lightning  from  clouds  9  square  kilo- 
metres in  extent.  Hence,  if  one  were  able  to  observe  everv 
flash  of  lightning  which  occurs  within  18  kilometres  of  himself, 
the  average  number  of  lightning-flashes  seen  by  such  obser- 
vers at  different  points  of  the  earth's  surface  in  one  year  would 
be  only  twenty-eight.  Calculation  from  more  exact  data  would 
give  a  less  number.  This  calculation  assumes  that  all  the  elec- 
tricity is  discharged  through  lightning- flashes,  whereas  a  very 
large  portion  of  the  atmospheric  electricity  is  discharged  in 
other  Avays — e.  g.  in  the  aurora  borealis  and  other  atmospheric 
phenomena  which  are  referred  to  electricity,  and  in  quiet  dis- 
charges which  take  place  without  any  noticeable  accompanying 
phenomena. 

Evaporation  is  then,  at  most,  a  yerj  insignificant  source  of 
the  atmospheric  electricity.  But,  further,  the  following  facts 
are  to  be  observed  : — 

1.  The  deflections  obtained  in  the  experiments  were  always 
very  small,  (In  the  original  readings  it  was  easy  to  make  an 
error  of  0*1  of  a  division  ;  and  though  the  numbers  in  the  tables 
are  the  means  of  several  observations,  they  are  still  affected  by 
this  error  of  reading.) 

2.  The  sign  of  the  apparent  charge  is  not  always  the  same 
for  the  same  liquid.  This  is  particularly  noticeable  in  the  im- 
portant case  of  water. 

3.  The  deflections  were  very  much  diminished  when  care 
was  taken  to  eliminate  very  small  sources  of  electricity.  Still 
the  deflections  obtained  with  the  evaporating-dish  dry,  are 
usually  much  larger  than  the  difference  between  these  and  the 
deflections  obtained  when  a  liquid  was  evaporating. 

Evidently,  then,  most  of  the  electrification  was  due  to  other 
causes  than  evaporation;  and  the  experiments  do  not  certainly 
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trace  any  electricity  whatever  to  this  source.  The  problem  of 
the  source  of  the  electricity  of  the  atmosphere  is  still  unsolved. 
Evaporation,  first  proposed  by  Volta,  whose  theory  until  now 
has  been  better  supported  by  experiment  than  any  other,  fails 
to  account  even  for  a  small  portion  of  it;  and  no  other  source 
has  been  proposed  which  can  yet  be  considered  sufficient. 


LI.    On   the  Function  of  the  two  Ears  in  the  Perception  of 
Space.     7?// Professor' SiLYANUs  P.  Thompson,  D.Sc,  B.A. 

1.  rilHE  conceptions    formed  in  our  minds  of  the  exteu- 
-JL      sion  of  space  maybe  resolved  into  two  parts: — (1) 
the  conception  of  distance  independent  of  direction;  (2)  the 
conception  of  direction  independent  of  distance. 

These  conceptions  are  founded  upon  the  perceptions  of  three 
separate  senses,  each  of  which,  though  distinct  from  the 
others,  enables  us  to  form  conceptions  both  of  linear  magni- 
tude (or  distance)  and  of  angular  magnitude  (or  direction). 
These  three  senses  are: — 

(a)  The  muscular  sense; 

(h)  The  optical  sense; 

{r)   The  auditory  sense. 
{a)  The  muscular  sense  gives  us  direct  perceptions  of  linear 
magnitude  and  of  angular  magnitude  throuorli  the  sensations 
produced  by  extending  the  limbs  and  by  twisting  the  frame 
and  head. 

(V)  The  optical  sense  gives  us  perceptions  of  angular  direc- 
tion of  two  kinds: — the  first  of  them  depending  upon  the  optical 
formation  of  images  of  external  objects  upon  the  diflerentiated 
nerve-structures  of  the  retina  of  the  eye  :  the  second  of  them 
being  partly  optical,  partly  muscular,  and  derived  from  the 
sense  of  muscular  effort  required  to  move  the  eye-balls,  or  the 
whole  head,  into  the  position  in  which  light  from  an  object 
situated  in  any  given  direction  shall  be  most  easily  observed. 
The  optical  perception  of  distance  is  of  three  kinds — one  kind 
being  indirect  and  associative,  the  other  two  muscular.  The 
fir  ft  of  these  depends  upon  the  possession  of  two  eyes,  giving, 
in  consequence,  two  retinal  pictures  with  slight  differences, 
which  we  gradually  learn  to  associate  with  varying  conditions 
of  distance.  The  second,  and  principal,  of  them  depends  also 
upon  the  possession  of  two  eyes,  the  greater  or  lesser  amount 
of  muscular  effort  required  to  converge  their  optic  axes  in 
"\dewing  an  object  affording  a  basis  for  a  mental  estimate  of 

*  Communicated  by  the  Author,  haviug  been  read  before  )Section  T) 
of  the  British  Association  at  York,  September  1881, 
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distance.  The  third  of  them  does  not  depend  upon  the  pos- 
session of  two  eyes,  or  upon  "binocular  parallax/'  but  con- 
sists in  the  perception  by  the  muscular  sense  of  the  amount  of 
effort  which  the  ciliary  muscle  must  exert  to  focus  the  eye  for 
rays  proceeding  from  an  object  at  a  given  distance.  The 
author  has  elsewhere  *  shown  how  this  last  mode  of  perception 
is  complicated  by  the  question  of  the  colour  of  the  rays 
in  consequence  of  the  imperfect  achromatization  of  the  eye. 
To  these  three  a  fourth,  and  purely  associative,  kind  of 
perception  of  distance  must  be  added,  in  the  apparent  mag- 
nitude of  objects  of  known  size.  Of  these  modes  of  per- 
ception, the  two  depending  on  liinocular  parallax  are  of 
greatest  inqDortance;  without  them  our  optical  conceptions  of 
solidity  and  distance  would  be  extremely  imperfect.  The 
theory  of  binocular  vision  was  practically  conqilete  when  the 
invention  of  the  stereoscope,  and  of  its  reductio  ad  ahmrdiun 
the  pseudoscope,  proved  the  general  correctness  of  Wheat- 
stone's  views,  though  several  corollaries  to  the  theory  have 
since  been  elaborated  by  younger  workers. 

(c)  The  auditory  sense  may  in  like  manner  afford  us  per- 
ceptions of  linear  and  of  angular  magnitude — that  is  to  say,  of 
distance  and  of  direction.  But  the  theory  of  the  acoustical 
perception  of  space  is  strangely  incomplete.  Just  as  the  pos- 
session of  two  eyes  gives  us  by  binocular  parallax  the  most 
important  of  the  optical  means  of  perception  of  space,  so  the 
possession  of  two  ears  is  found,  froin  the  researches  of  Mach, 
Luca,  Steinhauser,  Graham  Bell,  and  of  the  present  writer, 
to  give  us,  by  binaural  parallax,  important  means  for  receiving 
acoustical  perceptions  of  space.  Besides  these  binaural  per- 
ceptions, it  is  undeniable  that  imperfect  monaural  perceptions 
of  space  exist.     These  will  be  noticed  in  passing. 

2.  Any  comparison  of  the  ear  and  eye  in  respect  of  their 
power  of  affording  perceptions  of  space  would  be  incomplete 
if  three  points  of  essential  difference  in  the  arrangements  of 
these  organs  were  not  adverted  to: — 

(i)  The  ear  has  no  lens,  and  nothing  equivalent  to  a  lens 
by  which  a  sound-wave  proceeding  in  any  given  direction 
could  be  focussed  on  the  receptive  mechanism.  The  pinna  or 
auricle  of  the  ear  and  its  auditory  meatus  do  not  even  serve, 
as  a  hollow  parabolic  reflector  might  serve  for  light,  to  focus 
rays  coming  in  different  directions  on  different  points  of  the 
receptive  membrane. 

(ii)  The  receptive  nerve-structure  of  the  ear  is  diflerentiated 
in  a  wholly  different  manner  from  that  of  the  eye,  so  that  its 
different  parts  are  not  sensitive  to  different  directions  in  the 
*  Phil.  Mag.  July  1877,  [5J  vol.  iv,  p.  48. 
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movement  of  acoustic  waves,  but  only  to  their  difference  in 
frequency. 

(iii)  The  ears  cannot  be  turned  toward  different  directions 
as  the  eyes  can  be,  independently  of  the  movements  of  the 
head,  at  least  in  man.  There  seems  no  reason,  however,  to 
doubt  that  the  faculty  of  moving  the  pinnae  of  the  ears  is 
useful  to  animals  in  their  perception  of  the  direction  of  a 
sound.  It  is  a  matter  of  common  knowledge  that  horses, 
asses,  cats,  and  dogs  do  thus  use  their  pinnaa  in  ascertaining 
the  direction  of  a  sound.  In  these  cases,  however,  it  is 
doubtful  whether  there  is  any  muscular  sense  of  convergence 
to  give  (as  with  the  eye)  a  perception  of  distance. 

3.  There  are  four  physical  characteristics  of  waves  of  sound 
by  which  one  sound  is  discriminated  from  another,  viz.: — 

(i)  Intensity,  or  loudness,  depending  upon  extent  or  energy 
of  the  A'ibratory  motions. 

(ii)  Pitch,  or  frequency,  depending  upon  the  rapidity  of 
the  vibratory  motions. 

(iii)  Phase  of  the  vibratory  motions,  as  to  whether  moving 
backward  or  forward  or  at  any  other  state. 

(iv)  Qncdity,  or  timbre,  depending  upon  the  degree  of  com- 
plexity of  the  vibratory  motion. 

The  third  of  these  physical  characteristics  is  one  for  which  the 
single  ear  possesses  no  direct  means  of  perception.  The  author 
of  this  paper  discovered  in  1877*,  however,  that  in  binaural 
audition  a  perception  of  difference  of  phase  did  exist ;  and  the 
same  discovery  was  made  independently  in  the  succeeding 
December  by  Prof.  Graham  Bell  and  Sir  William  Thomson. 
The  existing  theories  of  the  acoustic  perception  of  space,  which 
will  now  be  examined,  are  founded  upon  the  perceptions  of 
these  four  physical  characteristics. 

4.  Theories  of  Steinhauser  and  of  Graham  Bell. — A  very 
complete  and  careful  theory  of  binaural  audition  was  pub- 
lished in  1877  by  Prof.  Anton  Steinhauser  t,  who  worked  out 
on  geometrical  principles  the  laws  which  determine  the  rela- 
tire  intensity  with  which  a  sound  will  reach  the  two  ears  Avhen 
starting  from  any  given  point  of  space.  The  intensities  are 
equal  in  the  two  ears  when  the  source  of  sound  is  in  the 
median  plane,  and  is  a  maximum  when  in  front,  a  minimum 
when  behind  the  head,  since  the  ears  are  set  angularly  (so  as 
to  catch  sounds  from  the  front  of  the  head)  in  planes  which 
determine,  according  to  Steinhauser,  the  conditions  of  best 
hearing.     The  formula  deduced  by  Steinhauser  is  the  follow- 

*  Ptep.  Brit.  Assoc.  1877,  p.  37;  Phil.  Mag.  [5]  vol.  iv.  Oct.  1877, 
p.  274. 

t  Vienna,  1877:  Phil.  Mag.  [5]  vol.  vii.  pp.  181,  261. 
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ing: — Let/S  be  the  angle  between  the  plane  of  the  ear  and  the 
line  of  sight,  and  a  the  angle  Avhich  the  line  of  sight  makes 
with  the  direction  of  the  sound  ;  and  let  ?j  and  io  represent 
the  relative  intensity  with  which  the  sound  is  heard  in  the  two 
ears  ;  then 

tan  «  :  tan  ^  : :  ii  —  i.j  :  i'l  +  ii. 

The  operation,  therefore,  of  finding  the  direction  of  a  sound 
— say  a  lark  singing  high  uj)  in  the  air — Avill,  according  to 
Steinhauser,  be  as  follows ; — First,  the  head  is  rotated  on  its 
axis  horizontally  until  the  sound  is  equally  loud  in  both  ears; 
then  the  head  is  moved  up  and  down  until  a  maximum  of 
loudness  is  discovered,  when  the  lark  will  be  found  in  the  line 
of  sight.     Steinhauser's  theory,  it  will  be  noted,  takes  into 
account  no  differences  of  phase,  pitch,  or  quality,  but  of  inten- 
sity only;  and  it  fails,  as  will  be  seen,  to  account  for  the  fact 
that  Ave  have,  zcithouf  moving  the  head  at  all,  a  very  fair  per- 
ception of  the  direction  of  sounds.     It  also  presupposes  (what 
the  experiments  of  Crum  Brown  and  M'Kendrick  have  pretty 
definitely  shown  to  exist)  that  we  possess  a  rotation-sense,  a 
means  of  perception  of  angular  movement  in  horizontal  and 
meridional  planes.    Steinhauser  devised  an  instrument,  which 
he  named   the   homopho7ie,  whereAvith  to  test  his  theory.     It 
consisted  of  a  system  of  wooden  tubes  for  bringing  to  the  ears 
the  sounds  of  tAvo  organ-pipes  tuned  to  unison,  whose  respec- 
tive intensities  could  be  regulated  by  stopcocks.     It  AAas  held 
bv  its  inventor  to  confirm  his  theorv. 

A  similar  theory  has  been  implicitly  adopted  by  Prof. 
Graham  Bell,  in  the  paper  on  Experiments  relating  to  Bin- 
aural Audition  Avhich  he  read  before  the  American  Association 
for  the  AdA'ancement  of  Science  in  1879  *.  Graham  Bell 
investigated  the  matter  Avith  telephones  connected  to  the  ears, 
Avith  some  curious  and  valuable  results.  He  also  experimented 
on  the  degree  of  accuracy  Avith  Avhich  the  ear  can  determine 
the  direction  of  a  sound,  and  found  it  to  be  most  accurate!  v 
defined  for  those  sounds  the  direction  of  Avhich  approximate's 
to  the  axial  line  of  the  ears. 

5.  Theories  of  A.  M.  Mayer  and  {jyrovisionally)  of  S.  P. 
Thompson. — A  modification  of  the  preceding  theory  Avns  pro- 
visionally adopted  by  the  present  Avriter  in  the  earlier  part  of 
his  researches.  He  had  discovered  that  Avheu  tAvo  sounds 
agreeing  in  every  respect,  save  in  phase,  are  led  to  the  ears,  a 
singular  phenomenon  occurs,  complete  difference  of  phase 
producing  an  acoustical  illusion  as  if  the  sound  Avere  localized 
in  the  back  of  the  !>kull.     He  therefore  suggested  that  diffcr- 

*  Auiericau  Journal  of  Otology,  July  1880,  p.  1  (>'.', 
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ence  of  phase,  being  thus  recognizable,  might  assist  the  observer 
in  finding  the  true  direction  of  a  sound ;  for  when  his  gaze 
■was  directed  in  the  precise  direction,  not  only  would  the  rela- 
tive intensities  be  equal,  but  the  phase  would  be  identical,  and 
the  sensation  would  be  free  from  complication  with  the 
illusion. 

Prof.  Alfred  M.  Mayer  of  the  Stevens  Institute,  in  the 
course  of  his  acoustic  researches,  suggested  an  instrument 
which  he  called  the  topophone,  the  object  of  which  is  to  ascer- 
tain the  direction  of  a  source  of  sound,  and  which  depends  upon 
differences  of  phase  and  of  intensity.  An  experiment  of  Zoch 
(see  Radau,  Die  Lehre  vom  Schall,  p.  240)  for  comparing  the 
relative  phases  of  two  simple  unison-tones  by  means  of  Kuuig's 
manometric  flames,  suggested  to  Mayer  an  instrument  com- 
posed of  two  resonators  fixed  at  the  ends  of  a  T-shaped  frame, 
and  connected  with  manometric  flames,  whose  objective  vibra- 
tions, as  seen  in  a  rotating  mirror,  would  be  synchronous  when 
the  phases  and  intensities  of  the  sound-waves  received  in  the 
two  resonators  were  alike,  or  when  the  cross-arm  on  which 
they  were  fixed  stood  at  right  angles  to  the  direction  of  the 
sound.  In  another  form  of  the  instrument,  the  frame  carrying- 
the  resonators  was  fixed  by  a  kind  of  yoke  to  the  shoulders, 
the  resonators  being  respectively  connected  by  tubes  to  the 
two  ears.  Comparatively  small  angular  movements  of  the 
head  would  then  produce  considerable  differences  of  p7ia^^, 
rendering  the  perception  of  direction  more  narrowly  accurate. 

6.   Theories  of  Mach  and  of  Lord  Eayleigh. — Prof.  Mach, 
of  Prague,  advanced  the  theory  {Archiv  fur  Ohrenheilkunde, 
1874)  that  the  perception  of  direction  of  sound  arose  from  the 
operation  of  the  pinnas  of  the  ears  as  resonators  for  the  higher 
tones  to  be  found  in  the  compound  sounds  to  which  the  ear  is 
usually  accustomed ;  their  action  as  resonators  should  be  more 
or  less  effective  according  to  the  position  of  the  pinnae  with 
respect  to  the  direction  of  the  sound-waves;  and  by  thus  rein- 
forcing in  different  positions  with  unequal  intensity,  some  one 
or  more  of  the  higher  tones  of  a  comjjound  sound  should  affect 
the  quality  or  timbre  of  the  perceived  sound,  producing  a  dif- 
ference between  the  sounds  heard  in  the  two  ears  in  all  posi- 
tions, save  when  the  source  of  sound  laj-  in  the  median  plane 
of  the  head.      There  should   also,  according  to  this  theory, 
be  a  difference  in  the  quality  of  the  perceived  sound  (owing 
to  the  dissymmetry  of  the  upper  and  lower  parts  of  the  pinna) 
tor  sounds  in  the  median  plane  according  as  they  were  above, 
below,    or  in   the  line   of  sight.     It  will  be  convenient  to 
consider  along  with  the  theory  of  Mach  the  somewhat  similar 
theory  of  Lord   Ixayleigh*,  propomided  in  1870  before   tlic 
*  Tiau.s.  Mus.  Assoc.  1870. 
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Musical  Association.  Lord  Eayleigh  pointed  out  that,  as  the 
size  of  the  head  bears  a  finite  proportion  to  the  size  of  sound- 
waves, there  will  be  no  sharp  shadows  of  sounds  occurring  at 
the  opposite  side  of  the  head  to  that  at  which  a  sound  arrives, 
but  that  diffraction  of  the  sound-waves  will  take  place,  which, 
in  the  case  of  complex  sounds,  will  produce  the  result  that  the 
partial  tones  of  different  pitch  will  arrive  at  the  side  of  the 
head  opposite  to  that  nearest  the  source  of  sound  with  very 
different  intensities.  Thus,  without  making  any  assumption 
as  to  the  functions  of  the  pinnas  as  resonators,  Lord  Ivayleigh's 
theor}'^  agrees  with  that  of  Mach  in  attributing  the  acoustic 
perception  of  direction  to  differences  of  gualitij  or  timbre 
between  the  two  ears,  the  brain  drawing,  from  the  slight  dif- 
ferences of  the  tones  received  in  the  two  ears,  an  unconscious 
judgment  based  on  empirical  observation. 

7.  One  other  theory  only  will  be  mentioned,  and  this 
only  to  be  at  once  dismissed.  It  is  the  theory  advanced  by 
Kiipper  *,  that  sound-waA'es  proceeding  in  different  directions 
affect  different  parts  of  the  tympanum,  and  so  give  rise  to  dif- 
ferent sensations.  This  is  physically  untenable,  because  the 
tympanum  is  not  the  true  receptive  organ  with  differentiated 
nerve-structures,  but  only  a  part  of  a  mechanical  device  by 
which  the  alternating  compressions  and  rarefactions  taking- 
place  at  the  bottom  of  the  tube  of  the  ear  are  conveyed  to  the 
true  receptive  organ  in  the  labyrinth  of  the  internal  ear.  It 
is  also  untenable  because,  as  Mach  and  Fischer  have  shown, 
the  outer  ear  cannot  act  as  a  true  reflector  except  for  waves 
whose  length  is  a  small  fraction  of  its  own  dimensions,  which 
is  only  true  for  sounds  of  such  excessiA-e  shrillness  as  to  be 
out  of  the  range  of  ordinary  sounds.  [The  shrillest  sound 
audible  in  human  ears  is  of  wave-length  0*4  of  an  inch.]  It 
is,  finally,  untenable  because,  in  fact,  nothing  is  more  difficult 
than  to  tell  the  direction  of  sounds  whose  source  is  in  the 
median  plane  of  the  head- — front,  back,  zenith,  and  nadir  being 
usually  undistinguishable  except  for  very  well-known  sounds. 

8.  In  order  to  test  the  rival  theories  of  binaural  hearing, 
the  author  of  this  paper  devised  a  little  instrument,  described 
before  the  British  Association  (Section  A)  in  1879  under  the 
name  of  the  pseudophone  f,  which  is  for  the  ears  what  AVheat- 
stone's  pseudoscope  was  for  the  eyes,  an  instrument  for  veri- 
fying the  laws  of  perception  by  means  of  the  illusions  which 
it  produces.  The  psendophone  consists  merely  of  a  pair  of 
adjustable  flaps  or  reflectors  which  can  be  fitted  to  the  ears, 
and  which  can  be  set  at  any  desired  angle  to  catch  sounds 

*  ArcJde  fiir  0/irenheilIxiiiide,  n.  F.,  Bd.  ii.  part  3.  p.  158. 
•i-  Phil.  Mag-.  [6.1  vol.  viii.  1870,  p.  .385. 
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from  back,  front,  above,  or  below.  By  altering  tbe  position 
of  the  flaps,  we  alter  the  relative  intensities  of  the  two  sounds 
as  received  in  the  ears;  and  this  can  be  done  without  the 
blindfolded  observer  knowing  how  the  flaps  are  set.  If,  for 
example,  the  flaps  are  set  to  catch  sounds  from  behind,  the 
observer  will  imagine  that  he  is  looking  in  the  direction  of  the 
sound  when  he  is  looking  in  precisely  the  reverse  direction. 
But  when  the  sbnple  tones  of  tuning-forks  are  used,  the  instru- 
ment fails  to  gives  satisfactory  illusions,  except  for  very  shrill 
tones,  when  the  experiments  are  made  out  of  doors. 

9.  The  following  criticisms  on  the  rival  theories  and  on 
some  of  the  results  of  mathematical  and  experimental  deduc- 
tions therefrom  will  now  be  in  place. 

(«)  All  the  theories  assume  that  we  have  a  rotation-sense — 
that  is  to  say,  that  when  we  turn  round  to  face  a  sound,  we 
are  conscious  how  much  (in  angular  measurement)  we  have 
turned  round.  Lord  liayleigh,  in  his  experiments,  kept  the 
head  still,  and  estimated  the  angular  direction  of  the  sound 
without  turning  the  head.  In  this  case  association  with  pre- 
vious perceptions  of  rotational  movement  must,  however,  be 
admitted  as  entering  into  the  mental  process  of  judging  of 
angitlar  position. 

(b)  The  theory  of  Steinhauser  leads  to  the  mathematical 
deduction  that  perception  of  direction  is  the  most  exact  for 
sounds  situated  in  the  plane  of  best  hearing,  or  in  the  median 
plane  and  in  front  of  the  head.  The  experiments  of  Graham 
Bell,  on  the  other  hand,  as  well  as  those  of  Mach  and  of  Lord 
Eayleigh,  are  conclusive  that  the  perception  of  "  the  direction 
of  a  sound  is  more  accurately  defined  as  it  approximates  to 
the  axial  line  of  the  ears.'"" 

((■)  Steinhauser's  theory  and  his  fundamental  formula  given 
above  in  §  4  assume  that  the  ratio  between  the  tangents  of 
the  angles  will  be  the  same  in  our  perception  as  the  ratio 
between  the  angles  themselves.  This  is  only  true  when  both 
are  small,  and  when  therefore  the  source  of  sound  is  nearly 
in  the  median  plane.  Unfortunately  for  the  theory,  for  very 
small  angles  the  perception  ceases  to  be  accurate,  especially 
for  small  angles  near  the  median  plane, 

(d)  Steinhauser's  theor^^  assumes  the  pinn^  to  act  as  reflec- 
tors and  funnels;  he  further  assumes  the  magnitude  of  the 
"  effective  surface  "  to  be  equal  for  sounds  coming  at  all 
angles,  which  is  by  no  means  proven  or  even  probable. 

(f)  It  is  a  mathematical  consequence  of  Steinhauser's 
theory,  that  if  the  plane  of  the  eft'ective  surface  uf  the  pinna 
makes  an  angle  of  less  than  30°  with  the  line  of  sight,  a  sound 
Nvill  be  heard  louder  when  opposite  one  ear  than  when  placed 
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at  an  equal  distance  in  front  of  the  head.  With  most  people 
this  angle  is  less ;  but  most  people,  at  any  rate,  prefer  to  face 
the  source  of  sound  when  listening. 

(/')  It  may  be  deduced  from  Steinhauser's  theory  that  the 
perception  of  direction  should  be  more  accurately  defined  in 
those  persons  for  whom  the  angle  between  the  efJective  plane 
of  the  pinna  and  the  line  of  sight  is  as  small  as  possible.  If 
this  be  so,  persons  whose  ear-flaps  stand  off  from  their  heads 
at  a  considerable  angle  should  be  bad  judges  of  the  direction 
of  sounds,  which  is  not,  in  general,  the  case.  The  behaviour 
of  animals  in  bringing  forward  the  openings  of  the  pinnae 
when  listening  intently  to  a  sound  is  contrary  to  this  point. 
If  the  deduction  were  true,  women  should  be  better  judges  of 
the  direction  of  sounds  than  men,  as  their  pinnas  usually  are 
less  prominent.  In  the  experiments  of  Graham  Bell  with 
telephone-receivers  when  they  were  set  at  an  angle  with  one 
another,  he  was  able  to  perceive  the  direction  of  sounds  more 
accurately  than  when  the  receivers  Avere  set  parallel,  the  dif- 
ference between  back  and  front  being  thus  capable  of  discri- 
mination; but  he  does  not  state  whether  this  discrimination 
arose  merely  from  difference  in  relative  intensity  or  from  dif- 
ference of  quality. 

((/)  If  the  theory  of  Steinhauser  is  true,  the  perception  of 
direction  should  be  more  accurate  for  sounds  when  their  source 
is  far  away  than  when  it  is  near  the  head.  If  the  theory  of 
Lord  Kayleigh  and  of  Mach  is  true,  the  perception  of  direc- 
tion should  be  more  accurate  for  sounds  whose  source  is 
nearer  the  head.  The  latter  is  shown  by  experiment  to  be 
true  for  all  kinds  of  sounds. 

(/<)  The  theory  of  Lord  Eayleigh  is  supported  by  the 
experimental  fact  that  the  quality  of  sounds  does,  as  a  matter 
of  fact,  differ  Avhen  they  are  heard  in  different  directions. 
Compare,  for  example,  the  sound  of  a  musically  ticking  clock 
placed  in  front  of  the  head  with  the  sound  of  the  same  clock 
when  the  head  is  turned  in  the  opposite  direction.  To  the 
writer  the  tick  of  a  watch  always  sounds  deeper  in  pitch  when 
held  in  front  of  the  head  than  when  held  opposite  either  ear, 
in  each  case  at  equal  distances  of  about  one  foot  away. 

(«)  The  theory  of  Lord  Rayleigh  also  derives  support  from 
the  following  observation.  To  analyze  a  compound  sound  by 
ear,  so  as  to  say  what  partial  tones  are  present,  requires  consi- 
derable practice,  and  is  even  then  not  easy.  But  the  presence 
or  absence  of  partial  tones  is  rendered  much  easier  of  detec- 
tion if  the  head  be  turned  about,  so  that  their  various  degrees 
of  intensity  as  affected  b\-  diffraction  or  by  phase-difference 
may  brnig  one  or  other  mto  prominence. 
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{j)  The  theories  of  Mach  and  Lord  Rayleigh  agree  with 
that  of  Steinhauser  iu  one  respect.  They  assign,  it  is  true, 
the  perception  of  direction  of  a  sound  to  the  effect  of  resonance 
or  of  diffraction  in  partially  resolving  a  compound  tone  ;  but 
they  make  the  perception  of  this  splitting-up  of  the  sound  to 
depend  upon  the  unequal  intensity  with  which  the  resolved 
sounds  are  received  in  the  two  ears. 

(A-)  The  experiments  of  LordRayleigh  show  that  our  perce]> 
tion  of  direction  is  much  more  accurate  for  compound  sounds 
than  for  simple  tones. 

(/)  The  experiments  of  the  writer  with  the  pseud  ophone 
show  that  the  acoustic  illusions  are  produced  much  the  most 
satisfactorily  when  shrill  sounds,  such  as  the  sound  of  a  whistle 
or  the  click  of  a  metronome,  are  employed. 

(??i)  Experiments  made  with  very  low  tones  show  that  for 
these  the  sense  of  direction  is  extremely  inaccurate.  In  this 
case  the  extreme  effect  of  diffraction  would  cause  the  sound 
to  be  heard  almost  equally  loudly  by  both  ears  in  all  posi- 
tions. 

10.  It  would  therefore  appear  that  Steinhauser's  theory 
may  be  true  for  shrill  and  simple  tones,  and  therefore  true 
for  the  particular  case  of  the  lark.  But  for  baser  tones  and 
for  compound  tones  it  cannot  be  regarded  as  true.  For 
these  the  resolution-theories  of  Mach  and  Lord  Rayleigh  are 
much  more  nearly  in  accord  with  the  facts  of  observation; 
though  it  probably  yet  remains  to  be  determined  whether  the 
resolution  of  compound  tones  supposed  in  those  theories  be 
due,  as  Lord  Rayleigh  assumes,  to  diffraction  round  the 
head,  or,  as  Mach  assumes,  to  the  pinna  and  its  convolutions 
acting  as  resonating-cavities  to  reinforce  certain  of  the  partial 
tones  of  the  compound  sound.  The  former  is  the  more  pro- 
bable in  the  opinion  of  the  present  writer;  but  it  is  not  without 
its  difficulties. 

If  in  binaural  hearing  the  direction  of  sound  vvere  to 
be  estimated  only  by  the  process  of  moving  the  head  until  the 
line  of  sight  coincided  with  that  of  the  sound,  then  Stein- 
hauser's theoiy  accounts  best  for  the  facts. 

If,  however,  the  direction  be  estimated  while  the  head  is 
held  immovable,  then  the  resolution  theories  are  certainly  the 
more  satisfactory. 

In  view  of  the  fact  (as  apparently  shown  by  Graham  BelFs 
experiments)  that  even  in  monaural  audition  there  is  a  fair 
perception  of  the  direction  of  sound,  Steinhauser's  theory 
utterly  fails  to  have  any  significance;  while  the  theories  of 
Mach  and  of  Lord  Rayleigh  are  amply  sufficient  for  the 
facts. 


the  hco  Ears  in  the  Perception  of  Space.  415 

11.  The  writer  therefore  propounds  the  following  theory, 
Avhich  he  believes  to  cover  all  the  facts  observed  up  to  the 
present  time. 

Judgments  as  to  the  direction  of  sounds  are  based,  hi  general, 
upon  the  sensations  of  different  intensity  in  the  two  ears ;  hut  the 
perceived  diff'erence  of  intensity  upon  lohich  a  judgment  is  based 
is  not  iisually  the  difference  in  intensity  of  the  loioest  or  funda- 
mental tone  of  the  compound  sound  (or  "  clang  "),  but  upon  the 
diff'erence  in  intensity  of  the  individucd  tone  or  tones  of  the  clang 
for  u-hich  the  intensity-difference  has  the  greatest  effective  residf 
on  the  guality  of  the  sound. 

It  must  be  admitted  that  the  acoustical  perception  of  direc- 
tion is,  after  all,  not  intuitive,  but  associative,  just  as  the 
optical  ])erception  of  direction  is.  The  ear  has  been  trained 
from  childhood  to  associate  certain  differences  in  the  quality 
of  sounds  (arising  from  differences  in  the  relative  intensities 
of  some  of  the  partial  tones  that  may  be  present)  with  definite 
directions ;  and,  relying  on  these  associated  experiences, 
judgments  are  drawn  concerning  sensations  of  sound  whose 
direction  is  otherwise  unknown.  For  sounds  that  are  familiar 
a  difference  of  quality  as  heard  in  one  car  will  at  once  suggest 
a  direction.  It  is  completely  open  to  doubt  whether  a  pure 
simple  tone  heard  in  one  ear  could  suggest  any  direction 
at  all. 

12.  Acousticcd  Perception  of  Distance. — There  remains  for 
discussion  the  acoustical  perception  of  distance. 

In  the  case  of  known  sounds  we  doubtless  judge  chiefly  of 
their  distance  by  their  relative  loudness,  the  intensity  decrea- 
sing inversely  as  the  square  of  the  distance.  The  analogous 
fact  in  optics  is  the  perception  of  distance  by  the  apparent 
magnitude  of  objects  familiar  to  the  sight  and  of  known 
size. 

It  might  be  possible  indirectly,  in  the  case  of  short  dis- 
tances, to  judge  of  distance  by  "  acoustic  parallax  " — that  is  to 
say,  by  the  difference  in  the  direction  of  the  sound  as  perceived 
in  the  two  ears.  The  quality  of  a  compound  sound  also  differs 
slightly  with  distance  (independently  of  direction) ;  and  from 
this  ftict  a  judgment  might  be  drawn.  It  must  be  held  ex- 
tremely doubtful,  however,  whether  any  such  judgments  are 
actually  made. 

13.  Conclusion. — The  foreo'oino-  arguments  and  deductions 
have  been  based  upon  observations  made,  so  far  as  the  author 
is  aware,  exclusively  by  and  upon  persons  possessed  of  normal 
powers  of  hearing.  Nevertheless  the  subject  is  of  such  a 
nature  that  its  more  obscure  points  would  doubtless  be  greatly 
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elucidated  by  observations  made  by  and  upon  persons  whose 
hearing-power  is  abnormal.  The  author  has  had  no  opportu- 
nities of  making  such  observations.  He  has  heard  of  one  case 
of  interest — that  of  a  gentleman  stone-deaf  of  one  ear  from 
infancy,  and  in  whom  the  acoustic  perception  of  direction  was 
almost  wholly  wanting.  Not  only  are  experiments  greatly 
wanted  upon  semi-deaf  persons,  but  also  upon  blind  per- 
sons, who  usually  have  the  acoustic  perception  of  direction 
abnormally  acute.  It  would  be  still  more  desirable  to  have 
observations  made  on  a  blind  person  deaf  of  one  ear. 

It  is  also  greatly  to  be  desired  that  further  experiments 
should  be  made  to  determine  the  exact  function  of  the  pinnae 
and  of  their  complicated  forms.  The  convolutions  of  the 
pinna3  differ  markedly  in  different  persons,  and  such  differ- 
ences must  have  so7ne  effect  on  the  perception  of  sound.  The 
suggestion  of  Mach,  that  the  convolutions  have  no  direct 
acoustic  function  in  man,  but  that  they  represent  the  corre- 
sponding structures  which  in  animals  serve  to  direct  the 
opening  of  the  pinna?  or  to  prevent  them  from  being  turned 
inside  out,  is  probably  true,  and  is  in  conformity  with  the  doc- 
trine of  descent,  which  accounts  for  many  other  inherited  but 
functionless  appendages.  Yet,  if  true,  this  does  not  affect  the 
truth  of  the  statement  that  the  convolutions,  though  destitute 
of  direct  function,  must  still  exercise  some  effect  on  the  per- 
ception of  sound.  In  particular,  it  may  be  remarked  that  the 
outer  cartilaginous  rim  of  the  ear  curves  forward  at  the  upper 
part  of  the  pinna,  as  if  to  catch  sounds  proceeding  from  below 
the  observer  and  in  front  of  him.  Is  it  possible  that  this 
arises  by  natural  selection  from  the  fact  that,  on  level  ground, 
sounds  reach  us  more  intensely  from  below,  by  reflexion  from 
the  ground  ?  And  is  it  not  also  connected  Avith  the  fact  that 
persons  who  are  partially  deaf  in  both  ears  habitually  throw 
the  head  a  little  backward,  so  as  to  raise  their  line  of  sight 
above  the  direction  of  the  sound  of  the  speaker's  voice  ? 

Whether  the  varieties  of  form  of  the  pinna?  eventually  prove 
to  be  of  little  or  no  importance  in  the  question,  there  is  an 
ample  field  for  observation  for  anatomists  and  physiologists  in 
the  problems  of  the  acoustical  perception  of  space ;  and  it  is 
hoped  that  research  in  this  department  of  physiological  physics 
will  be  facilitated  by  the  attempt  now  made  to  lay  clown  the 
physical  iuid  experimental  bearings  of  the  question. 
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LII.  A  'Theorem  on  tlie  Dissipation  of  Energy. 
By  S.  H.  BURBURY*. 

I  THINK  the  following  tlieorem  hcas  never  received  a 
formal  proof. 

A  material  system  being  in  motion,  and  there  being  dissi- 
pation of  energy  by  friction  or  otherwise,  external  forces,  F, 
are  applied  to  maintain  certain  of  the  velocities  constant.  If 
under  these  circumstances  the  system  ultimately  acquires  a 
motion  in  which  it  might  move  were  there  no  dissipation  and 
no  external  forces,  then  in  such  motion  the  energy  dissipated 
per  unit  of  time  is  minimum,  given  the  constant  velocities. 

For  let  //j,  q.2. . .  .qn  be  the  generalized  coordinates  defining 
the  position  of  the  system;  '/i.  72?  •  •  •  ^y«  ^^^^  corresponding- 
velocities;  pi,  P2, . .  .j>n  the  corresponding  generalized  compo- 
nents of  momentum. 

Let  g'l,  q-2,'"  qr  be  the  velocities  which  are  maintained 
constant  by  the  application  of  the  forces  F. 

Then  we  have  for  each  coordinate,  by  Lagrange's  equations, 

dt       dq       dq         ''      dq ' 

where  T  is  the  kinetic,  U  the  potential  energy,  F,  is  the 
generalized  component  of  the  external  forces  corresponding 
to  q,  and  H  is  Lord  Rayleigh's  dissipation  function,  namely 
the  energy  dissipated  per  unit  of  time.  The  ultimate  motion 
is  by  hypothesis  one  in  which  the  system  might  move  were 
there  no  dissipation  and  no  forces  F.  That  is  ultimately,  by 
hypothesis, 


and 


dp__c^      cfU 

dt       dq        dq  ""   ' 

^'~  dq 


for  each  coordinate. 

Now  let  us  suppose  that  in  the  infinitel}'  small  time  dt,  the 
given  velocities  qi. . .  q,.  would  be  diminished  by  dissipation 
alone  by  the  quantities  q\. . .  q'  y  Then,  in  order  to  maintain 
them  constant,  the  forces  F  must  in  that  same  time  dt  produce 
in  the  system  the  velocities  q\. . .  (/,-.  We  may  suppose  the 
forces  Ft//  applied  impulsively  at  the  end  of  the  interval  of  time 
dt  to  produce  the  velocities  q'\. . .  q'r' 

Now  a  set  of  impulses  applied  to  produce  in  the  system  the 

prescribed  velocities  q\  . . .  q'y  will  generally  produce  at  the 

same  time  other  velocities  r/,.+i ...  f/„,  the  whole  impulsive 

motion  being,  according  to  Thomson's  theorem,  determined 

*  Communicated  by  tlie  Author. 
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by  the  condition  that  the  kinetic  energy  of  the  system  moving 
Avith  these  velocities  q\. . .  q' ,. . . .  q'n,  and  no  others,  is  mini- 
mnm,  given  q\. . .  q'  r.  That  is,  li  p'l . .  .p^„  be  the  components 
of  momentum  corresponding  to  'q\  . . .  q'n,  ^p'q'  is  minimum, 
given  q'\. , .  (/,-     The  sokition  of  which  is 

/^+i  =  0...2/„=0. 

But  2^' \  •  •  'P'n  being  the  components  of  momentum  produced 
impulsively  by  the  force  Ydt,  each  component  of  momentum 
is  equal  to  the  corresponding  component  of  force.  That  is, 
for  each  coordinate 

But,  as  we  have  seen, 

therefore 

^         aq 
Therefore,  since //-,.+!  =0  &c.,  f/„  =  0, 

dR   _^       ^=0 
dqr+x'^     '"dqn" 

And  therefore  H  is  minimum,  given  qi . . .  q,.' 

As  an  example  of  the  theorem  we  may  consider  the  distri- 
bution of  an  electric  current  in  multiple  arc.  Let  a  set  of 
wires,  OCiP,  OC2P, . . .  OC„P,  be  joined  at  0  and  P,  and  a 
constant  current  be  maintained  outside  the  junction  at  0. 
Let  5-1 .. .  qji  denote  the  currents  in  the  several  wires,  pi . .  .p„ 
the  corresponding  components  of  electrokinetic  momentum. 
Then  the  current  at  0  is  Sq,  and  is  to  be  maintained  constant 
notwithstanding  the  resistance  of  the  wires. 

Let  q\. . .  q' n  be  the  diminutions  of  the  several  currents 
which  would  be  caused  by  resistance  in  the  infinitely  small 
time  dt.  Then  "^.q'  is  the  diminution  of  the  current  at  0  due 
to  resistance  in  time  dt.  In  order  to  maintain  %q  constant, 
we  may  suppose  an  impulsive  electromotive  force  applied  at  0 
at  the  end  of  the  interval  dt  to  produce  the  current  %q' . 

The  distribution  among  the  wires  of  this  current  Sg',  at  the 
instant  of  its  c7'eation,  for  however  short  a  time  such  distribu- 
tion may  continue,  is  determined  by  the  laws  of  induction, 
and  will,  by  Thomson's  theorem,  be  such  as  to  make  the  elec- 
trokinetic energy  of  the  impulsive  currents  minimum,  givenSg''. 
That  is,  if  ^Z  be  the  component  of  electrokinetic  momentum 
corresponding  to  g,  ^p'(f  is  minimum,  given  2r/.     That  is, 

But  if  E  be  the  component  of  electromotive  force  correspond- 
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ing  to  any  wire, 


and  therefore 
Now  for  each  wire 


where  R  is  the  resistance  in  the  wire.  Ultimately,  when  the 
motion  becomes  steady,  which  it  does  generally  in  a  very  short 
time, 

^-1 


E  =  B'7, 

Ex=E2=. . .  =E„; 


and  therefore 

But 

therefore 

and  therefore  %Rq\  or  the  heat  generated  in  the  wires  per  unit 
of  time,  is  minimum,  given  Sg'. 

This  is  the  distribution  according  to  Ohm's  law,  which  thus 
appears  as  an  analytical  consequence  of  Thomson's  theorem, 

LIII.    On  Reiardation  of  Chemical  Action. 
By  John  J.  Hood,  B.Sc,  Assoc.  R.S.M.* 

IN  two  former  papers  published  in  this  Journalf  I  have 
given  the  results  of  a  series  of  experiments  on  the  rate  of 
oxidation  of  ferrous  sulphate  by  potassic  chlorate,  and  showed 
that  the  course  of  the  reaction  for  equivalent  quantities  of 
the  substances  is  represented  by  the  equation  ?/(a  +  f)  =  &; 
the  variables  being  the  amount  of  unoxidized  iron  expressed 
in  cubic  centimetres  of  a  solution  of  potassic  permanganate, 
and  time  elapsed  from  a  fixed  point  in  the  reaction.  This 
equation  is  established  on  the  supposition  that  the  products 
formed  have  no  influence  on  the  rate  at  which  the  oxidation 
goes  on ;  but  when  an  experiment  was  continued  for  a  com- 
paratively long  period,  or  till  about  80  per  cent,  and  upwards 
of  the  oxidation  had  taken  place,  a  small  and  ever  increasing- 
difference  was  apparent  between  the  calculated  and  observed 
variables,  indicating  a  retardation  which  was  due,  without 
doubt,  to  the  products  of  the  reaction. 

The  present  paper  contains  the  results  of  a  series  of  experi- 
ments made  to  investigate  this  retarding  effect,  in  a  general 

*  Communicated  by  the  Author. 
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way,  by  employing  sucli  salts  as  could  not  inliueuce  the  oxi- 
dation of  the  iron  by  any  process  of  double  decomposition. 

A  solution  (about  8  litres)  of  ferrous  sulphate  and  hydric 
sulphate  was  prepared  from  pure  materials  and  preserved  in  a 
large  glass  jar,  arranged  in  such  a  way  that  any  required 
quantity  of  the  solution  could  be  siphoned  off,  while  an  atmo- 
sphere of  coal-gas  was  always  maintained  inside  the  jar.  This 
solution  contained  in  100  cubic  centim. 

o"141G  grams  ferrous  iron, 
•038    gram  ferric  iron, 
11*84      grams  free  hydric  sulphate. 

The  solution  of  potassic  chlorate  contained  in  100  cubic  centim, 
1"933  gram,  10  cubic  centim.  being  the  amount  required 
to  oxidize  the  iron  in  10*86  cubic  centim.  of  the  ferrous 
sulphate  solution.  The  method  of  performing  the  experi- 
ments was  the  same  as  has  been  already  described  in  my 
former  papers. 

Each  experimental  solution  consisted  of  1G*8G  cubic  cen- 
tim. of  the  iron  solution  or  '5296  gram  Fe'',  and  1*996  gram 
free  Hg  SO4,  together  with  the  requisite  amomit  of  the  salt 
whose  retarding  effect  was  to  be  determined,  the  total  volume 
being  made  up  to  250  cubic  centim.  with  distilled  water. 

The  salts  employed  were  purified  from  all  traces  of  iron  and 
chlorides,  dissolved  in  distilled  water,  and  the  strengths  of  the 
solutions  determined  by  double  estimations  of  base  and  acid. 

The  flasks  containing  the  experimental  solutions  were  placed 
in  a  water-bath,  usually  six  at  one  time,  10  cubic  centim.  of 
the  chlorate  solution  run  into  each,  and  the  amount  of  oxida- 
tion that  had  taken  place  after  the  lapse  of  various  intervals 
of  time  determined  by  permanganate.  From  two  observa- 
tions of  the  amount  of  unoxidized  iron  and  time,  the  constants 
in  the  equation y{ci  +  t)  =  h  were  calculated,  three  minutes  after 
the  addition  of  the  chlorate  being  taken  in  every  case  as  the 
point  t  =  0. 

As  h  in  the  above  equation  is  inversely  proportional  to  the 
rate  of  change,  or 

^y  _  _  f 

by  a  comparison  of  its  values  for  a  series  of  experiments,  in 
which  other  conditions  being  the  same  excejjt  the  amount  or 
kind  of  salt  added,  with  its  value  for  a  blank  experiment,  or 
that  in  which  no  retarding  agent  is  present,  a  measure  of  the 
effect  is  obtained;  these  ratios  multiplied  by  100  are  given  in 
Table  II. 

To  determine  the  equation  for  the  blank  as  accurately  as 
possible,  twenty-four  experiments  were  made,  in  four  batches 
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of  six  each,  at  various  times  during  the  course  of  the  work, 

ic  commence- 
0  mean  values  obtained 


which  lasted  about  two  weeks,  the  first  Ijatch  at  the  commence 


ment  and  the 
were : — 

fourth  at  the  finish.    The 

a.                            h. 
113-8                 1113-81 

112-9                 1112-5 

112-4                 1110-8 

113-0                1115-7  J 

Means 

.  .  113-02              1113-2 

temp.  21°  C, 


or  the  equation  for  the  blank  experiment, 

/y(113-02  + 0  =  1113-2. 
The  followino-  Table  contains  the  mean  values  for  these  same 
constants  from  two  and,  in  some  cases,  four  experiments,  and 
the  weight  (calculated  as  anhydrous)  of  the  various  salts  pre- 
sent in  each: — 

Table  I.     Temp.  21°  0. 


Weight 
of  salt. 

K,SO,. 

]S'aJ 

3O4. 

(?fHJ,SO,. 

a. 

b. 

a. 

b. 

fl.       1         b. 

2  grams . . . 

134-5 

1340 

134-8 

1343 

134-3       1345 

3      ,,     ... 

14.5-5 

14.56 

146-5 

1464      i 

147      :    1473-7 

4     „      ... 

159-6 

1592-7 

159-5 

1595-5  1 

161-5    1    1618-4 

5          :,           •• 

170-5 

1708 

167-7 

1691      1 

171-2    !    1725 

0     

185-3 

1860-4 

184-3 

1853-7 

184-9 

1850 

8     „      ... 

214 

2180-5 

210-8 

2120-3 

212 

2150-7 

10    „     ... 

243-1 

2468-6 

233-0 

2365 

235 

2381-3 

Weight 
of  salt. 

KA1(S0,).. 

(NHJA1(S0J,. 

a. 

b. 

(1. 

b. 

2  grams... 

126-6 

249-3 

127-8 

1244 

3     „      ... 

133-3 

315-4 

133-4 

1316-6 

4     

140-6 

387-6 

139-7 

1384-5 

5     ,,      ... 

144-8 

; 

442-5 

145-5 

1444-5 

6     

154-7 

537-5 

154 

1529-4 

8     .,      ... 

163-7 

627-8 

160-9 

1608-8 

10     „      ... 

173-4 

727-5 

171-7 

1704-5 

Weight 

MgSO,. 

ZnSOj.  ^ 

of  salt. 

I 

«- 

h. 

a. 

1           b. 

2  grams  . . . 

128-5               1 

278-5 

123-8 

1225-6 

3     „      ... 

139-1               ] 

[375-4 

129-8 

1280-3 

4     ,,      ... 

144                  ] 

L429-5 

131-5 

1308 

5     „      ,.. 

149-5               1 

.492-2 

138 

1369-5 

6     „      ... 

156                  1 

569-4 

141-6 

1414-3 

8     „      ... 

168                  J 

L  680-1 

147 

1477 

10     .      ... 

179-2              ] 

793-5 

155 

1540-3 
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Taking  the  value  of  Z*,  or  1113-2,  for  the  blank  experiment 
as  equal  to  100,  and  expressing  the  corresponding  values  of 
this  quantity  contained  in  the  above  Table  in  terms  of  it,  the 
numbers  contained  in  the  following  Table  are  obtained  ;  they, 
in  point  of  fact,  represent  the  number  of  minutes  required  to 
oxidize  the  iron  in  each  solution  from  y'  to  y" ,  the  time 
required  to  perform  the  same  amoun,t  of  oxidation  in  the  blank 
experiment  being  100  minutes. 

Table  II, 


Weight 
of  salt. 


K.,SO, 


Js^a.SO^ 


(NH,),SO,. 


1006' 


2  grams 

3  „ 

4  „ 

5  „ 

6  „ 
8  ,, 

10  „ 


120-3 
130-8 
143-] 
153-4 
167-1 
195-8 
221-7 


Retarda- 
tion for 
1  gram. 


10-1 
10-2 
10-8 
10-7 
11-2 
11-9 
12-2 


lOOi' 


Retarda-i  1006' 


120-6 
131-5 
143-3 
151-9 
166-5 
190-5 
212-4 


Tion  lor 

//     ■    ' 

1  gram. 

10-3 

120-8 

10-5 

132-4 

10-8 

145-3 

10-4 

154-9 

11-1 

166-2 

11-3 

193-2 

11-2 

213-9 

Retarda- 
tion for 
1  gram. 


10-4 
10-8 
11-3 
10-9 
11-0 
11-6 
11-4 


Weight 
of  salt. 


KAl  (SO  J,. 


(NHJA1(S0,),. 


1006' 


2  grams . 

•J  n 

4  „      . 

5  „      . 

6  „     . 

8  „      . 

10  „ 


112-2 
118-1 
124-7 
129-6 
138-1 
146-2 
155-2 


Retarda- 
tion for 
1  gram. 


1006' 


6-1 
6-0 
6-2 
5-9 
6-3 
5-8 
5-5 


Retarda- 
tion for 
1  gram. 


111-8 
118-3 
124-4 
129-7 
137-4 
144-5 
1.53-1 


5-9 
6-1 
6-1 
.5-9 
6-2 
5-6 
5-3 


Weight 
of  salt. 


MgSO,. 


1006' 


2  grams.. 

3  „  .. 

4  „  .. 

5  ,,  .. 

6  „  .. 
8  „  .. 

10  „  ., 


114-9 

123-6 

128-4 

134 

140-9 

150-9 

161-1 


Retarda- 
tion for 
1  gram. 


ZnSO, 


1006' 


7-4 
7-8 
7-1 
6-8 
6-8 
6-4 
6-1 


110-1 

115 

117-5 

123 

127 

132-7 

138-4 


Retarda- 
tion for 
1  gram. 


5  0 
5-0 
4-4 
4-6 
4-5 
4-1 
3-8 


From  the  numbers  contained  in  Table  II.,  it  will  be  seen 
that  the  retardation  in  the  rate  of  oxidation  of  ferrous  sulphate 
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by  potassic  chlorate  is  proportional  to  tlio  weiglit  of  the  che- 
mically inactive  salt  present,  and  that  the  amount  of  this 
retardation  is  tbe  same  for  equal  v.^eights  of  those  salts  which 
more  or  less  resemble  each  other  constitutionally.  This  is 
seen  to  hold  for  the  sulphates  of  the  alkaline  metals  and  am- 
monium, and  also  for  the  two  alums;  but  in  the  case  of  the 
sulphates  of  zinc  and  magnesium  the  difference  in  their  effects 
is  too  considerable  to  permit  of  their  being  classed  together, 
in  a  dynamical  sense,  however  much  they  may  resemble  each 
other  statically.  The  fact  that  equal  weights  of  the  alkaline 
sulphates  or  the  alums  produce  equal  effects,  shows  that  the 
retardation  produced  hy  a  single  molecule  of  those  salts  which 
belong  to  the  same  group  is  proportional  to  its  weight. 

Mills  and  Walton  have  shown*  that,  in  the  formation  of 
ammonia  by  the  action  of  zinc  amalgam  on  potassic  nitrate, 
the  presence  of  sodic  or  potassic  sulphate  produces  an  accele- 
ration in  the  reaction,  and  that  equal  weights  of  the  two  salts 
have,  as  nearly  as  possible,  equal  working  effects. 

My  best  thanks  are  due  to  Dr.  Frankland,  in  whose  labora- 
tory the  above  experiments  were  niade. 


LIV.  Note  on  the  supposed  Heliccd  Path  of  the  Electric  Cur- 
rent in  longitudinally  Magnetized  Conductors.  Bg  J.  A. 
EwiNG,  B.Sc.,  F.R.S.E.,  Professor  of  Ifechaiiical  Engineer- 
ing  in  the  University  of  Tokio,  Japan^. 

]"N  a  paper  entitled  "Molecular  Magnetism,"'  read  before 
-  the  Royal  Society  on  May  19,  Prof.  Hughes  describes 
experiments  which  have  led  him  to  the  conclusion  "  that  the 
path  of  an  electric  current  through  an  iron  or  steel  wire  is  that 
of  a  spiral."  Prof.  Hughes  mentions  that  the  wires  experi- 
mented on  were  never  entirely  free  from  longitudinal  magne- 
tization to  begin  with,  and  that  w^hen  they  were  further  mag- 
netized the  efiects  observed,  which  formed  the  ground  of  the 
conclusion  just  quoted,  were  greatly  increased.  It  may  fairly 
be  assumed  that  these  effects  were  in  all  cases  due  to  the  pre- 
sence of  longitudinal  magnetism  in  the  wires. 

Tlie  object  of  this  note  is  to  point  out  that  the  experimental 
results  obtained  by  Prof.  Hughes  admit  of  another  interpre- 
tation than  that  which  he  has  given  them,  and  at  the  same 
time  to  suggest  a  method  of  determining  whether  there  is,  or 
is  not,  any  such  helical  quality  in  the  path  of  the  current  as  he 
has  inferred. 


*  Proc.  Eoy.  Soc.  1879. 
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In  Prof.  Hugiies's  experiments,  magnetized  iron  or  steel 
wire  was  placed  inside  and  along  the  axis  of  a  coil  which  was 
in  circuit  with  a  telephone.  The  coil  could  be  turned  about 
an  axis  perpendicular  to  the  wire.  By  means  of  the  tele- 
phone it  was  observed  that,,  even  when  the  wire  was  normal 
to  the  plane  of  the  coil,  a  series  of  currents  w^ere  induced  in 
the  coil  when  an  intermittent  current  was  made  to  pass  along 
the  wire.  By  turning  the  plane  of  the  coil  round  through  a 
certain  angle,  silence  A^'as  restored  in  the  telephone.  This 
result  would,  of  course,  be  consistent  -with  the  hypothesis  that 
the  path  of  the  current  in  the  wire  is  not  rectilinear  but 
helical. 

But  it  is  clear  that  the  same  inductive  effects  would  be 
gi^-en  by  changes  in  the  longitudinal  magnetization  of  the 
wire  accompanying  the  changes  in  the  transmitted  current. 

Weber's  theory  of  magnetization,  which  assumes  that  the 
molecules  of  iron  or  steel  are  always  magnets,  and  that  mag- 
netization consists  in  brino-ino-  their  axes  into  more  or  less 
complete  parallelism,  implies  that  if  magnetization  exists  in 
one  direction,  then  any  supplementary  magnetization  at  right 
angles  to  that  must  produce  a  diminution  of  the  first.  The 
degree  to  which  the  second  mao-netization  affects  the  first  will 
depend  on  the  nearness  of  the  latter  to  its  limiting  value.  If 
it  approaches  that  closel}^,  then  the  second  magnetization  Avill 
take  place  Avholly  at  the  expense  of  the  first.  Hence,  when  a 
current  traverses  a  longitudinally  magnetized  wire,  the  cir- 
cular magnetization  caused  by  the  current  must  i-educe  the 
original  longitudinal  magnetization.  The  first  passage  of  the 
current  will  produce  a  relatively  large  effect ;  and  subsequent 
interruptions  and  renewals  of  it  will  cause  fluctuations  in  the 
value  of  the  magnetic  moment,  whose  external  inductions  will 
be  precisely  the  same  as  if  the  path  of  the  traversing  current 
were  a  helix. 

The  experiments  of  Prof.  Hughes  agree  with  this  deduction 
from  Weber^s  theory.  A  current  entering  at  the  nominal 
N.  pole  gave  an  inductive  effect  corresponding  to  a  right- 
handed  spiral  ;  entering  at  the  S.  pole,  it  gave  an  effect  cor- 
responding to  a  left-handed  spiral.  Hence  the  inductions 
were  in  both  cases  of  the  kind  which  would  be  produced  by  a 
diminution  of  the  orioinal  maonetization  of  the  wire. 

A  second  experiment  consisted  in  passing  a  steady  current 
through  the  wire  from  N.  to  S.,  and  superposing  on  it  an 
intermittent  current.  The  inductive  effects  were  then  such 
as  would  correspond  to  a  right-handed  spiral,  both  when  the 
direction  of  the  intermittent  current  was  the  same  as  that  of 
the  steady  one  and  when  their  directions  were  opposite.     From 
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the  point  of  view  now  suggested  we  have,  in  the  first  case,  a 
further  diminution  of  longitudinal  magnetization  by  the  inter- 
mittent current,  and  in  the  second  Ciise  a  ]jartial  restoration 
of  it;  and  these  changes  would  account  for  the  observed  facts. 
An  examination  of  Prof.  Hughes's  paper  will  show  that  his 
other  experiments  bearing  on  this  point  admit  equally  well 
of  the  same  explanation. 

On  the  other  hand,  we  have  a  reason  for  anticipating  that 
the  path  of  the  electric  current  in  a  magnetized  wire  will  be 
found  to  possess  some  helical  quality. 

The  circular  maonetization  due  to  the  current,  tooether 
with  the  existing  longitudinal  magnetization,  gives  a  helical 
magnetization  which  will  be  right-handed  (like  a  connnon 
scrcAv)  when  the  current  enters  at  the  S.  pole.  It  is  known 
that  magnetization  develops  an  teolotropic  difference  of  elec- 
trical conductivity  along  and  across  the  lines  of  force.  If 
then  the  conductivity  be  greater  across  than  along  the  direc- 
tion of  magnetization,  the  path  of  a  current  entering  at  the 
S.  pole  will  be  a  left-handed  helix.  The  inductive  effects 
will  in  that  case  be  of  the  same  sign  as  those  observed  by 
Pi'of.  Hughes. 

Sir  William  Thomson  (Phil.  Trans.  1856,  part  3)  has  con- 
cluded that  in  iron  the  effect  of  magnetism  on  conductivity  is 
to  give  greater  resistance  along  than  across  the  lines  of  induc- 
tion. This  would  give  a  helical  quality  of  the  kind  supposed 
by  Prof.  Hughes  ;  but  the  difference  in  conductivities  is  so 
small  as  to  make  it  highly  improbable  that  this  action  accounts 
for  the  very  considerable  inductions  observed  by  him.  In  steel 
the  effect  is  more  doubtful  ((•/'.  Thomson,  loc.  cif.;  Tomlinson, 
Proc.  Roy.  Soc.  June  17,  1875  ;  F.  Auerbach,  Phil.  Mag. 
1879,  Nos.  46-48). 

These  considerations  indicate  that  the  induced  currents  in 
the  coil  are,  probably,  due  in  chief  part  to  changes  of  lono-i- 
tudinal  magnetization  which  accompany  the  passage  and  stop- 
page of  the  current  in  the  wire ;  also  that  there  may  be  some 
effect  caused  directly  by  the  solenoidal  component  of  helical 
currents,  whose  helical  path  is  attributable  to  the  development 
of  a  difference  of  conductivities  by  helical  magnetization. 
Further,  it  is  obvious  that  if  (from  this  or  any  other  cause) 
there  is  a  solenoidal  quality  in  the  path  of  the  current,  the 
change  of  magnetic  moment  and  the  induced  currents  will  be 
indirectly  increasetl  by  the  magnetizing  action  of  this  solenoid 
on  those  parts  of  the  metal  which  may  be  considered  to  lie 
within  it. 

The  method  used  by  Prof.  Hughes  does  not  enable  us  to 
distinguish  between  the  part  of  the  action  due  to  change  of 
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longitudinal  magnetization,  and  the  part  (if  any)  due  to  a 
solenoidal  component  of  the  current.  The  same  remark  applies 
with  equal  force  to  any  observation  of  the  induction  outside 
the  magnetized  conductor. 

But  if  we  use  a  hollow  iron  or  steel  rod  in  place  of  a  solid 
wire,  and  test  the  magnetic  force  inside  it,  we  may  at  once 
determine  whether  any  part  of  the  observed  effect  is  due  to  a 
circulation  of  the  current  round  the  rod.  Let  the  rod  bo 
long  compared  Avith  its  transverse  dimensions,  and  let  it  be 
uniformly  magnetized.  In  the  first  instance,  the  magnetic 
force  at  the  middle  of  its  length,  either  inside  or  outside,  due 
to  its  longitudinal  magnetization,  is 

_M 

a'' 

where  M  is  its  magnetic  moment  antl  a  its  half  length.  When 
a  current  is  passed  along  the  rod  there  will  be  (by  Prof. 
Hughes's  experiment)  a  diminution  of  its  moment.  Let  this 
diminution  of  moment  be  AM.  Then  outside  the  rod,  at  the 
centre,  the  magnetic  force  will  be  changed  by  the  amount 

AM 

-^' 

But  inside,  if  any  part  of  the  efiect  is  due  to  a  solenoidal 
arrangement  of  the  current,  an  electromagnetic  force  will  bo 
produced  equal  to 

—  47rC«, 

where  C  is  the  current,  and  n.  the  number  of  turns  in  this 
solenoid  jDor  unit  of  length.  The  actual  change  of  force  at  an 
internal  point  midway  between  the  ends  will  therefore  be 

— ^— 47rCn. 
a" 

I'he  question  whether  the  second  term  of  this  expression  has 
any  sensible  existence,  is  to  be  answered  by  observing  the 
change  of  force  inside  when  the  current  is  made,  and  at  the 
same  time  observing  the  change  of  moment  of  the  rod,  or  by 
makino-  simultaneous  or  successive  measurements  of  the  force 
outside  and  inside. 

A^arious  ways  of  carrying  out  this  experiment  will  suggest 
themselves.  The  two  following  plans,  which  I  hope  soon  to 
put  to  the  test,  appear  practicable  ;  the  second,  in  particular, 
seems  capable  of  a  high  degree  of  delicacy.  ♦ 

I.  Suspend  inside  the  hollow  rod  a  magnet  of  known 
moment,  and  small  enough  to  leave  some  clearance  for  swing- 
ing.    Time  the  oscillations  of  this  magnet  both  before  and 
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(luring  the  passage  of  the  current,  and  observe  the  loss  of 
moment  (AM)  of  the  hollow  rod.  See  whether  the  change  of 
mao;netic  force  deduced  from  the  oscillations  is  or  is  not  less 

than  — 5-' 

II.  Prepare  two  small  coils  of  })recisely  equal  inductive 
power.  Place  one  inside,  and  the  other  outside,  the  hollow  rod 
at  the  middle  of  its  leno-th.  Connect  them  both  to  a  ballistic 
galvanometer  or  a  telephone  in  such  a  manner  that,  if  the  cur- 
rents induced  in  them  are  equal,  there  will  be  no  resultant 
effect.  Then  pass  a  current  along  the  rod.  If  the  effects  are 
simply  magnetic,  the  induction  Avill  be  the  same  for  both  coils; 
but  if  the  passage  of  the  current  produces  any  electromagnetic 
force  in  the  interior,  this  equilibrium  will  be  much  disturbed. 

This  last  has  the  merit  of  being  a  null  method  ;  and  it  has 
the  additional  advantan'e,  that  a  strono-  lono-itudinal  mamieti- 

•  ••11 

zation  may  l^e  given  to  the  rod  by  enclosing  it  in  a  long  sole- 
noid through  which  a  steady  current  may  be  kept  circulating 
during  the  experiment. 

Tokio.  Japan, 
September  22,  1881. 


LV.    On  the  Dimensions  of  a  Magnetic  Pole  in  the  Electrostatic 
System  of  Units.     By  J.  J.  Thomson. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Trinity  College,  Cambridge, 

Gentlemen,  '  May  16, 1882. 

IN  the  last  number  of  the  Philosophical  Magazine  there  is 
a  paper  by  Prof.  J.  D.  Everett,  on  the  Dimensions  of  a 
Magnetic  Pole  in  the  Electrostatic  System  of  Units,  in  which 
he  supports  the  view  taken  by  Clausius,  that  in  this  system 
the  dimensions  of  a  magnetic  pole  are  M^L^T"^,  and  not 

M^L-  as  stated  by  Maxwell.     Clausius  gets  his  value  from 
the  equation 

Moment  of  magnet  =  current  x  area. 
It  seems  to  me,  however,  that  the  equation  should  be 

Moment  of  magnet  =  /u-  current  x  area; 
where  /a  is  the  magnetic  permeability  of  the  medium  in  which 
the  current  is  placed,  and  is  of  dimensions  T^L~^  in  the  elec- 
trostatic system  :  if  we  use  this  equation  we  get  the  same 
dimensions  for  the  magnetic  pole  as  Maxwell.  The  following- 
are  the  reasons  which  seem  to  me  to  show  that  the  value  given 
by  Maxwell  is  the  correct  one.  It  will  be  convenient  to  see 
how  Maxwell's  value  is  obtained.     The  easiest  way  of  getting 
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it  is  to  deduce  it  from  the  expression  given  by  Maxwell  for 
the  magnetic  force  produced  by  an  electric  current.  Maxwell, 
in  his  'Electricity  and  Magnetism,'  2nd  edit.  §§  498,499, 
makes  the  following  statements  about  the  magnetic  force  due 
to  a  ctirrent: — 

'•  If  any  closed  curve  be  drawn  and  the  line-integral  of  mag- 
netic force  taken  completely  round  it,  then  if  the  closed  curve 
be  not  linked  M'ith  the  circuit  the  line-integral  is  zero ;  but  if 
it  is  linked  with  the  circuit  so  that  the  current  i  flows  throuo;h 
the  closed  curve,  the  line-integral  is  47r/.  The  line-integral 
4776  depends  solely  on  the  quantity  of  current  and  not  on  any 
other  thing  whatever.  It  does  not  depend  on  the  conductor 
through  which  the  current  is  passing.  Again,  the  line-integral 
47ri  does  not  depend  on  the  medium  in  which  the  closed  curve 
is  drawn.  It  is  the  same  whether  the  closed  curve  is  drawn 
entirely  through  air,  or  passes  through  a  magnet  or  soft  iron, 
or  any  other  substance  whether  paramagnetic  or  diamagnetic." 

Hence,  if  F  be  the  magnetic  force  due  to  an  infinitely  long 
straight  current  of  strength  i  at  a  distance  r  from  the  current, 
it  mav  without  an\-  ambiguitv  be  written 

2/ 
F=-. 
r 

Kow  the  work  done  when  a  magnetic  pole  of  strength  )n  is 
carried  round  the  current  so  as  to  reinain  at  a  constant  dis- 
tance ;'  from  it,  is  viF^irr,  or,  by  the  above  equation,  A.'rnni. 
Hence  the  product  ml  is  of  the  dimension  of  energy ;  but  on 
the  electrostatic  system  i  is  of  the  dimension  M^  L^  T"^:  hence 
m  must  be  of  dimension  M^L;;,  the  value  given  by  Maxwell. 

The  dimensions  of  F  the  magnetic  force  are  M^L^T~", 
the  magnetic  induction  m!r'^  is  of  dimension  MaL"^;  hence 
the  magnetic  permeability  /i-,  which  is  the  ratio  of  magnetic 
induction  to  magnetic  force,  is  of  dimensions  L~^T-. 

If  R  be  the  magnetic  force  due  to  a  pole  of  strength  m  at  a 
distance  r  from  it,  the  magnetic  induction  is  /iE.  Now  the 
magnetic  induction  integrated  over  any  surface  containing  the 
pole  and  no  other  magnetic  matter  =47r??;.  Hence,  taking  the 
induction  across  the  surface  of  a  sphere  whose  centre  is  the 
pole  and  radius  r,  we  get 

fi  .\\  .  ^trr  =  -^Trni ; 

•    11=  — 
fj,r- 

llence  the  force  between  two  poles  in,  nt'  is  mm' /fir.  Thus  the 
Ibrce  between  two  magnetic  poles  depends  on  the  medium  in 
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^\'hich  they  are  placed  ;  but,  according  to  Maxwell,  the  mag- 
netic force  between  a  current  and  a  magnetic  pole  does  not. 
Hence  the  moment  of  the  magnetic  shell  equivalent  to  a  given 
current  depends  on  the  medium  surrounding  the  shell.  If  the 
field  be  occupied  by  one  medium  only,  the  moment  of  the 
magnetic  shell  =yu- .  current  x  area.  This  equation  gives  the 
dimensions  M2L2  for  m. 

The  effect  of  the  medium  surrounding  a  current  upon  the 
magnetic  force  produced  by  the  current  has,  as  far  as  I  know, 
not  been  investigated.  The  only  experiments  I  know  bearing 
on  this  point  are  some  experiments  of  Faraday  on  the  elfect 
of  the  surrounding  medium  on  the  electric  currents  induced 
by  a  moving  magnet.  The  result  of  the  experiments  was,  that 
he  could  not  detect  that  changing  the  medium  had  any  effect 
on  the  induced  currents.  If  this  be  so,  then  Maxwell's  state- 
ment must  be  right.  For,  imagine  a  long  magnet  in  presence 
of  an  electric  current,  and  let  one  pole  be  in  one  medium  and 
the  other  in  another  ;  then,  if  the  forces  on  the  two  poles  are 
different  in  magnitude,  we  may  carry  the  magnet  round  the 
current  so  as  to  get  work  out  of  it.  Xow  this  work  must  have 
come  from  the  battery  ;  but,  since  the  inductive  action  of  the 
magnet  on  the  current  is  independent  of  the  medium,  there 
will  be  on  the  whole  no  currents  induced  by  the  motion  of  the 
magnet :  hence  no  ^Nork  can  come  from  the  battery ;  hence 
the  forces  on  the  poles  must  be  equal,  or  the  magnetic  force 
produced  by  a  current  must  be  independent  of  the  surrounding 
medium.  I  may  mention  that  Mr.  E.  B.  Sargant,  of  Trinity 
College,  is  at  present  experimentally  investigating  this  point. 
Mr.  W.  D.  Niveu  has  pointed  out  to  me  that  the  value  given 
by  Clausius  for  the  dimensions  of  a  magnetic  pole  does  not 
make  the  magnetic  force  between  two  such  poles  of  the  dimen- 
sions of  a  force,  which  ought  clearly  to  be  the  case. 

I  am,  Gentlemen, 

Your  obedient  servant, 

J.  J.  Thomson. 

•    ■     - .  -   — =»y   -  -    - 

LVI.    On  the  Electrostatic  Dimensions  of  a  Magnetic  Pole. 
By  Prof.  J.  Laemor*. 

CILAUSIUS'S  formula  to  connect  the  dimensions  of  cur- 
^     rent  and  pole  on  the  static  system,  viz. 

(A)    Moment  of  Magnet  =  Current  x  Area, 

seems  really  to  involve  the  electromagnetic  system  of  units. 
It  is  plain  that,  to  be  able  to  make  and  establish  iwactically 
*  Communicated  bv  the  Author. 
Phil.  May.  S.  5.  Vol.  13.  No.^  83.  June  1882.  •         2  K 
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such  a  relation  as  to  the  magnetic  action  of  a  current,  we  must 
assume  tacitly  these  previous  relations  (which  in  fact  supply 
our  only  mode  of  comparison  and  verification),  viz.: — 

(1)  (Pole)2  X  L-'  =  Force, 

(2)  Current  x  L  x  Pole  x  L~^  =  Force. 

The  first  of  these  is  the  purely  magnetic  starting-point  of 
the  electromagnetic  system  ;  and  the  second  is  the  relation 
which  must  be  used  to  connect  current  with  pole  on  any  si/stem. 
But  the  electrostatic  system  naturally  starts  with  the  dimen- 
sions of  electric  quantity  as  deduced  from  the  law  of  inverse 
squares,  whence  those  of  current  are  deduced  at  once.  Now, 
the  only  simple  fact  of  nature  which  connects  pole  with  cur- 
rent is  Oersted's  phenomenon  (as  developed  by  Ampere)  of 
the  existence  of  a  mutual  force  between  them  :  this  is  expressed 
by  (2);  and  hence  by  this  relation  must  we  deduce  the  dimen- 
sions of  pole  from  those  of  current  already  found.  The  some- 
what recondite  fact  that  the  magnetic  action  of  a  small  circuit 
carrying  a  current  may  be  represented  as  due  to  two  JicfitioKs 
magnetic  poles,  does  not  seem  to  possess  any  claims  to  sujiplant 
the  nattiral  statement  of  the  only  fundamental  relation  which 
makes  natural  poles  play  a  part  in  electric  theory  at  all.  That 
relation  is,  of  course,  itself  in  its  very  nature  electromagnetic. 

It  might  be  said  that  the  system  objected  to  built  up  the 
theory  from  electric  foundations,  inasnnich  as  its  fundamental 
magnet  is  a  small  electric  current.  But,  in  reply,  it  is  the 
existence  of  actual  magnets  which  introduces  the  idea  of  pole 
at  all,  other  than  as  in  Ampere's  purely  mathematical  directrix 
of  electrodynamic  action  ;  and  the  above  considerations  seem 
to  show  that  this  result  is  only  obtained  at  the  cost  of  prefer- 
ring the  fulfilment  of  the  practically  composite  relation  (A)  to 
that  of  the  fundamental  electromagnetic  relation  (2),  in  the 
specification  of  an  electrostatic  system.  This,  though  allow- 
able if  consistently  adhered  to,  does  not  seem  to  be  natural — 
if  indeed  the  specification  of  a  magnetic  pole  on  an  electro- 
static system  is  a  matter  of  importance  at  all. 

The  method  indicated  gives  Maxwell's  dimensions,  L-  M^. 

In  practice,  one  would  most  probably  investigate  the  dy- 
namic relations  of  statical  charges  with  a  galvanometer,  and 
not  with  an  electrodynamometer. 

Queen's  College,  Gahvay, 
May  10,  1862. 
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L  VII.    On  the  Dimensions  of  a  Magnetic  Pole  in  the  Electro- 
static System  of  Units.    (Second  Article.)     By  Prof.  J.  D. 

EVEEETT*. 

MY  appeal  for  an  explicit  statement  of  Maxwell's  definition 
of  the  unit  pole  in  the  electrostatic  system  has  brought 
me  several  connnunications  from  correspondents;  and  the  diver- 
sity between  them  is  a  siifficientproof  of  the  necessity  for  such 
an  appeal.  My  correspondents  do  not  refer  me  to  any  explicit 
definition  by  Maxwell  himself,  but  give  investigations  which 
they  regard  as  substantially  his  and  which  lead  to  his  result. 
Two  of  these  investigations  seem  quite  satisfactory,  and  show 
that  Maxwell's  result  can  be  obtained  with  as  much  simplicity 
as  that  of  Clausius.  They  are  given  under  the  heads  I.,  II., 
below. 

Before  entering  on  the  points  in  dispute  with  respect  to  the 
electrostatic  system,  I  may  premise  that  the  definitions  of  the 
unit  quantity  of  electricity,  the  unit  current,  the  unit  electro- 
motive force  (or  difference  of  potential),  and  the  unit  resist- 
ance (all  of  which  may  be  called  purely  electrostatic  defini- 
tions), are  not  in  question,  but  are  accepted  by  all  parties. 
The  divergence  begins  when  Ave  attempt  to  express  magnetic 
quantities  in  an  electrostatic  system;  and  different  results  may 
be  obtained  according  to  the  particular  relation  between  mag- 
netism and  electricity  which  we  select  as  the  guiding  principle 
in  our  definitions.  In  a  strict  sense  there  is  no  such  thing  as 
an  electrostatic  unit  of  any  magnetic  quantity;  since  magne- 
tism and  its  relations  to  electricity  lie  outside  the  domain  of 
electrostatics. 

There  are  three- laws  of  nature  any  one  of  which  may  be 
used  to  connect  electrical  with  magnetic  units. 

I.  The  galvanometer  law,  as  I  may  for  brevity  call  it, 
because  it  is  the  law  which  determines  the  force  which  a  cur- 
rent passing  through  the  coil  of  a  galvanometer  exerts  upon 
either  pole  of  the  needle.  This  law,  stated  without  any  assump- 
tion as  to  units,  is  that  the  force  varies  directly  as  the  length 
of  the  wire,  the  strength  of  the  current,  and  the  strength  of 
the  pole,  and  inversely  as  the  square  of  the  distance  of  the  wire 
from  the  pole.     We  must  therefore,  in  every  system,  have 

Force  =  ^i  x  Current  x  Pole  x  Length  -r  (Distance)^,  (1) 

ki  being  a  factor  which  depends  on  the  system  employed. 
Maxwell's  unit  pole  may  be  defined  by  making  /ii  =  l.  This 
gives,  for  determining  the  dimensions  of  a  pole, 

■  MLT-^=  Current  x  Pole  x  lr\ 

*  Communicated  by  the  Autlior. 
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But 

Current  =M^L^T-'; 
therefore 

Pole=M^L^ 

■which  i(5  Maxwell's  result.  This  jn'oof  was  supplied  to  me  by 
Professor  Larmor.  Clausius  alludes  to  such  a  proof  as  having 
been  given  by  Maxwell,  and  objects  to  it  on  the  ground  that 
the  force  which  a  current  exerts  upon  a  pole  is  not  an  electro- 
statical  but  an  electrodynamical  force.  But^  inasnnich  as  this 
objection  applies  equally  to  all  definitions  of  "  the  unit  pole 
in  the  electrostatic  system,"  not  excepting  that  offered  by 
Clausius  himself,  it  cannot  be  admitted  as  valid  when  we  are 
discussing  the  merits  of  one  as  against  another. 

Again,  we  may  employ 

II.  The  magneto-electric  law,  which  determines  the  electro- 
motive force  produced  by  moving  a  conductor  in  a  magnetic 
field.  This  law,  when  stated  without  any  assumption  as  to 
units,  is  that  the  electromotive  force  is  directly  as  the  length 
of  the  conductor,  the  velocity  of  its  motion  resolved  in  a  cer- 
tain direction,  and  the  intensity  of  the  field.  Hence,  bearing 
in  n\ind  that  the  intensity  of  the  field  due  to  a  single  pole  is 
directly  as  the  strength  of  the  |)ole  and  inversely  as  the  square 
of  the  distance,  we  must  have,  in  every  system. 

Electromotive  \^i,^^^  Length  x  Velocity  x  Pole^(  Distance)-  (2) 


=  yL'2  X  L  X  LT     X  Pole  x  L~" 
-  Polexy^-gT-'. 
If  we  define  our  unit  pole  by  the  condition  /io=l,  we  have 
Pole  =  Electromotive  force  x  T 
=  M'L'^T-'x  T 
=  M^Li 

This  mode  of  obtaining  Maxwell's  result  was  in  substance 
supplied  to  me  by  Professor  Fitzgerald.  So  far  we  have  no 
discrepancy. 

On  the  other  hand,  we  may  employ  with  Clausius, 
III.  The  laio  of  ihe  inagnelic  sliell,  which  asserts  the  equiva- 
lence of  a  current  to  a  magnet.  Taking  the  sinq)lest  case — 
that  of  a  ctirrent  in  a  plane  circuit — the  law  of  nature  is  that 
the  moment  of  the  equivalent  magnet  is  jointly  proportional 
lo  the  strength  of  the  current  and  the  area  of  the  circuit. 
Hence,  since  the  moment  of  the  magnei  is  the  product  uf  the 
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strength  of  either  pole  by  the  distance  between  the  poles^  wo 
must  have,  in  every  system, 

Pole  X  Length  ^h^x  Current  x  Area;      .     .     (3) 
that  is, 

Pole  =  /'g  X  Current  x  L, 

where  ^-'3  depends  on  the  system  employed.  Clausius  defines 
his  unit  pole  by  making  k^-=^l,  and  thus  obtains 

Polo  =  Current  x  L 
=  MnjT-'x  L 

This  result  disagrees  with  that  of  the  two  preceding  investi- 
gations; and  hence  the  two  equivalent  assumptions  /^■i  =  l, 
/;2=  1  are  inconsistent  with  the  assumption  h^=-l.  Maxwell 
has  chosen  the  former  alternative,  Clausius  the  latter.  On 
Maxwell's  system  we  have 

On  Clausius's  system  we  have 

In  fact  it  can  be  shown  that,  if  v  be  the  ratio  of  the  electro- 
magnetic to  the  electrostatic  unit  of  quantity  of  electricity,  k^ 

would  be  T,  on  Maxwell's  system,  and  /ii  and  ko  would  each  be 
-2  on  Clausius's  system.  When  we  bear  in  mind  how  fre- 
quently laws  I.  and  II.  are  applied  in  practical  calculation, 
and  how  extremely  rare  is  any  practical  application  of  law  III., 
it  seems  clear  that,  if  we  were  driven  to  employ  an  electrostatic 
system  in  calculations  relating  to  magnetism,  the  best  choice 
we  could  make  would  be  Maxwell's. 

It  is  further  clear  that  electrostatic  systems  are  essentially 
inconvenient  for  calculations  relating  to  electromagnetism. 
The  electromagnetic  system  makes  ky,  k.j,  and  k-^  each  unity, 
and  also  gives  the  value  unity  to  the  factor  ^4  which  occurs  in 
the  general  expressions  for  the  attractions  and  repulsions 
between  currents.  For  example,  the  force  with  which  two 
parallel  currents,  one  of  very  great  length  and  the  other  of 
length  /,  attract  or  repel  each  other,  is  given  in  any  system  by 
the  formula 

Force  =k^  x  Product  of  ctirrents  x  21-t-  Distance,     .     (4) 
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where  ^4  has  the  vakie  unity  in  the  electromagnetic   system, 

and  the  value  ^  in  the  electrostatic  system,  there   being  here 
v 

no  cliiference  between  Maxwell  and  Clausius. 

The  mutual  force  of  two  magnetic  poles  is 

A-,,  X  Product  of  poles  -^  (Distance)^,     .     .     (S^t 
where  h^  is  r^  in  the  electrostatic  system  of  Maxwell,  and  ^  in 

that  of  Clausius,  but  is  defined  as  unity  in  the  electromagnetic 
system. 

On  the  other  hand,  the  mutual  force  of  two  charges  of  elec- 
tricity is 

/•fi  X  Product  of  charges  -^  (Distance)",     .     .     (6) 

where  A-g  is  defined  as  unity  in  the  electrostatic  system,  but 
has  the  value  v^  in  the  electromagnetic  system. 

A  comparison  of  the  foregoing  six  equations  shows  how 
cautious  we  ought  to  be  in  asserting  that  a  particular  dimen- 
sional relation  "  must  hold  in  every  system  of  units."  The 
laws  of  nature  which  connect  dissimilar  quantities  are  laws  of 
projyoo'tion,  and  it  is  only  by  convention  that  they  can  be  stated 
as  hiws  of  equality.  Clausius  was  in  error  in  the  assertion, 
which  I  adopted  from  him  in  my  last  communication,  that  in 
every  system  the  product  of  the  current  by  the  area  enclosed 
must  be  equal  to  the  moment  of  the  equivalent  magnet.  Pro- 
iwrtional  would  be  the  correct  word;  and  the  fiictor  A3,  which 
remains  constant  as  the  current  and  area  vary,  does  not  neces- 
sarily retain  the  same  value  when  we  pass  from  one  set  of 
units  of  length  and  time  to  another.     Maxwell  says  (§  482) : — 

"  It  has  been  shown  by  numerous  experiments that  the 

magnetic  action  of  a  small  plane  circuit is  the  same  as 

that  of  a  magnet  ....  whose  magnetic  moment  is  equal  to  the 
area  of  the  circuit  multiplied  by  the  strength  of  the  current;" 
but  the  passage  occurs  in  a  discussion  in  which  the  ''  Electro- 
magnetic system  of  measurement"  is  employed  and  defined 
(see  §  479).  I  do  not  think  that  the  charge  of  mistake  brought 
against  Maxwell  has  been  substantiated.  The  controversy, 
however,  has  done  good  in  exposing  the  difficulties'  and 
dangers  which  lurk  in  applications  of  electrostatical  units  to 
magnetism. 
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§  1.  Introduction. 

THE  experimental  researches  of  Eumford  and  Leslie  raised 
the  subject  of  Radiant  Heat  to  an  extraordinary  pitch 
of  interest  and  importance.  Both  of  these  philosophers 
occupied  themselves  with  what  may  be  called  superficial 
emission  and  absor})tion. 

Melloni  is  to  bo  regarded  as  the  founder  of  our  knowledge 
of  the  transmission  of  radiant  heat  through  solids  and  liquids. 
Save  in  a  passing  inference,  to  be  noticed  immediately, 
Melloni  left  untouched  the  gaseous  form  of  matter — thinking, 
probably,  that  gases  and  vapours,  though  their  diathermancy 
could  hardly  be  supposed  theoretically  perfect,  came  in  this 
respect  so  near  perfection  as  to  be  placed  beyond  the  grasp  of 
laboratory  experiment.  It  was  doubtless  the  general  pre- 
valence of  this  conviction  which  caused  this  field  of  inquiry 
to  lie  fallow  for  so  many  years  after  the  discovery  of  the 
thermo-electric  pile. 

By  an  experimental  arrangement  characteristic  of  the 
genius  of  the  man,  though,  it  may  be,  not  quite  equal  to  the 
requirements  of  the  problem,  Melloni  proved  that  the  law  of 
inverse  squares  held  good  for  radiant  heat  in  air;  and  from 
this  he  inferred  the  absence  of  all  sensible  absorption,  by  air, 
within  the  distance  embraced  by  his  experiments  f.  Melloni 
extended  to  radiation  his  conclusion  regarding  absorption. 
"■  On  ne  connait,"  he  writes,  "  aucun  fait  qui  demontre 
directement  le  pouvoir  emissif  des  fluides  elastiques  purs  et 
transparents  ":}:.  Such  was  Melloni's  relation  to  the  subject 
now  before  us. 

*  Communicated  by  the  Author,  having  been  read  before  the  Royal 
Society,  Jannavy  23,  1882.  The  substance  of  this  paper  was  delivered 
orally  as  the  Bakerian  Lecture  on  November  24,  1881. 

t  "  Pour  iin  interyalle  de  cinq  a  six  metres,  I'air  n'exerce  aucnne 
absorption  sensible  pour  le  rayonnement  des  corps  chauds," — La  Ther- 
mochrose,  p.  130. 

X  Annates  de  Chimie  et  de  Thijsique,  vol.  xxii.  p.  494, 
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In  1855  Dr.  Frauz,  of  Berlin,  published  a  paper  '■  On  the 
Diathermancv  of  certain  Gases  and  Coloured  Liquids  "*.  He 
found  that  air  contained  in  tubes  452  and  900  millimetres 
long,  absorbed  3'54  of  the  radiation  from  an  Argand  lamp; 
and  he  concluded  that  all  transparent  gases  would  behave 
like  air.  I  have  given  reasons  for  holding  that  Dr.  Franz  in 
these  experiments  did  not  touch  the  question  in  hand  f.  In 
the  arrangement  which  he  describes,  the  absorption  by  air 
was  quite  insensible.  But  60  per  cent,  of  the  radiation  from 
his  powerful  source  was  lodged  in  the  glass  ends  of  his  tubes; 
these,  as  secoudarj^  sources,  radiated  directly  and  indirectly 
against  his  pile;  and  it  was  their  chilling  by  the  cold  air  that 
slightly  lowered  his  deflection  and  produced  the  supposed 
absorption. 

It  is  not  improbable  that  other  attempts  were  made  to 
bring  gaseous  matter  under  the  dominion  of  experiment ;  Imt 
none  to  my  knowledge  are  recorded. 


§  2.  Partial  Summary  of  previous  Work. 

My  researches  on  magne-crystallic  action  carried  with 
them  the  incessant  use  of  conceptions  and  reasonings  touching- 
molecular  constitution  and  arrangement.  At  an  early  period 
of  these  studies  it  occurred  to  me  that  heat,  both  in  its  radiant 
and  in  its  ordinary  thermometric  form,  might  be  turned  to 
good  account  as  an  explorer  of  molecular  condition.  The 
first  fruit  of  this  idea  was  a  paper  "  On  Molecular  In- 
fluences "  $,  in  which  it  was  shown  that  wood  possesses  three 
axes  of  calorific  conduction  coincident  with  the  axes  of 
elasticity  discovered  by  Savart.  Experiments  on  certain 
crystals  recorded  in  this  paper  suggested  a  possible  connexion 
between  diathermancy  and  conductivity ;  and  in  1853  I 
worked  at  this  question.  The  substances  then  submitted  to 
experiment  were  rock-crystal,  amethyst,  topaz,  beryl,  rock- 
salt,  smoky  quartz,  fluor  spar,  tourmaline,  Iceland  spar, 
dichroite,  arragonite,  heavy  spar,  flint,  and  glass  of  various 
kinds.  These  minei'als  were  employed  in  the  shape  of  cubes 
carefully  cut  and  polished,  the  transmission  through  each  of 
them,  in  different  directions,  both  of  radiant  and  conducted 
heat  iDeing  determined. 

A  desire  for  completeness,  not  then  attained,  caused  me  to 
postpone,  and  finally  to  forego  the  publication  of  the  results 

*  Poggendorli'.s  Anna/en,  vol.  xciv.  p.  337. 

t  Philosophical  Transactious,  18G1,  vol.  cli.  p.  27,  aud  elsewlieie. 

X  Ibid.  1853,  vol.  cxliii,  p.  217. 
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of  this  inquiry.  It,  however,  kept  alive  reflections  on  the 
influence  of  molecular  constitution  on  the  phenomena  of 
radiation  and  absorption.  Encountered  continually  by  the 
thouoht  that  in  liquids  and  solids  the  pure  molecular  action 
was,  or  might  be,  hampered  by  cohesion,  the  desire  to  bring, 
if  possible,  free  molecules  under  the  dominion  of  experiment 
beset  me  more  and  more. 

At  the  beginning  of  1850  I  definitely  attacked  this  problem, 
meetino;  at  the  outset  difficulties  and  negations  the  reverse  of 
encouraging.  But  after  some  weeks  of  labour,  I  found 
myself  in  secure  possession  of  the  result,  that  gases  and 
vapours  exhibited,  in  relation  to  radiant  heat,  phenomena  far 
more  surprising  than  those  observed  by  Melloni  in  li([uids  and 
solids.  On  the  26th  of  May,  18.")i>,  the  subject  was  brought 
before  the  Royal  Society^;  and  on  the  10th  of  June  I  was 
able,  by  ilkiminating  the  dial  of  a  galvanometer  and  casting 
its  image  upon  a  screen,  to  demonstrate  in  the  Royal  Insti- 
tution not  only  the  fact  of  absorption,  but  the  astonishing 
ditTerences  of  absorption  which  gases  and  vapours  equally 
transparent  to  light  manifested  in  regard  to  radiant  heat  t- 

The  following  gases  and  vapours  were  then  examined : — 
Air,  oxygen,  hydrogen,  nitrogen,  carbonic  oxide,  carbonic 
acid,  nitrous  oxide,  coal-gas,  ammonia,  olefiant  gas,  bisulphide 
of  carbon,  chloroform,  benzol,  iodide  of  ethyl,  cyanide  of 
ethyl,  formate  of  ethyl,  acetate  of  ethyl,  propionate  of  ethyl, 
iodide  of  amyl,  chloride  of  amyl,  amylene,  absolute  alcohol, 
amylie  alcohol,  methylic  alcohol,  ethylic  ether,  ethylamylic 
ether,-  sulphuric  ether,  and  some  others.  In  the  Philosophical 
Magazine  for  18(52  I  have  given  samples  of  the  results  ob- 
tained with  a  few  of  these  substances ;  and  I  will  here  confine 
myself  to  the  remark  that  were  the  measurenients  there  re- 
corded multiplied  a  hundredfold,  they  would  fall  far  short 
of  the  number  actually  executed  in  1859. 

With  the  view  of  compelling  the  feeblest  gases  and  vapours 
to  show,  if  they  possessed  it,  their  capacity  to  absorb  radiant 
heat,  the  "  method  of  compensation  "  was  invented  J.  With- 
out prejudice  to  the  delicacy  of  the  galvanometer,  this  method 
enabled  me  to  bring  into  play  quantities  of  heat  far  greater 
than  those  ever  previously  invoked,  my  object  being  so  to 
exalt  the  total  i-adiation  that  a  minute  fraction  of  that  total 
should  reveal  itself  to  experiment.  By  this  method  not  only 
were  the  feebler  gases  and  ^•apours  coerced,  but  the  vastness 
of  the  diathermic  range,  if  I  may  use  the  phrase,  was  esta- 

*  Proceedings  of  Eoyal  Society,  vol.  x,  p.  .37. 

t  Proceedino'S  of  Eoyal  lustitutiou,  vol.  iii.  p,  15.5. 

X  Philosopliical  Trausactions,  1861,  vol,  cli.  pp.  6  &  7. 
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blished  with  a  clearness  aud  an  evidence  unattainable  by  any 
other  means  then  existent  *. 

Notices  of  the  investigation  havino-  appeared  in  many 
English  and  continental  journals  f,  I  was  induced  to  defer  the 
detailed  publication  of  the  experiments.  The  investigation 
itself  had  taught  me  the  difficulties  aud  dangers  which  beset 
it.  These  had  reference  both  to  the  methods  of  experiment 
and  to  the  puritj  of  the  substances  employed.  To  secure  the 
perfect  constancy  of  the  sources  of  heat,  and  the  perfect 
steadiness  of  the  galvanometei-,  when  the  flux  of  heat  was 
powerful,  involved  a  lengthened  discipline.  With  neither 
oases  nor  vapours,  moreover,  was  it  easy  to  obtain  uniform 
results.  When  generated  in  different  ways,  the  action  of  the 
same  gas  would  sometimes  prove  itself  so  discordant  as  to 
suggest  to  me  the  possible  existence  of  novel  allotropic  con- 
ditions to  account  for  such  variations  of  behaviour.  Two 
samples,  moreover,  of  nominally  the  same  liquid,  would  furnish 
vapours  yielding  results  far  too  divergent  to  be  tolerated. 
The  drying  apparatus  also  contributed  its  quota  of  disturbance. 
These  anomalies  were  finally  traced  to  the  fact  that  an  in- 
credibly small  amount  of  impurity,  derived  from  the  stronger 
gases  or  vapours,  sufficed  to  disguise  and  falsify  the  action  of 
the  weaker  ones.  All  this  had  to  be  learnt;  and  when  learnt, 
1  thought  it  desirable,  for  the  sake  of  accuracy,  not  to  publish 
the  results  which  had  been  gained  with  so  much  labour,  but 
to  go  once  more,  with  improved  appliances,  over  the  same 
ground.  This  I  did,  though  it  involved  the  total  abandonment 
of  seven  weeks'*  uninterrupted  experimental  work  in  1859,  of 
seven  weeks^  similar  work  in  18(30,  and  of  many  fragmentary 
efforts.  On  the  10th  of  January,  18()1,  the  memoir  con- 
taining an  account  of  the  investigation  was  handed  in  to  the 
Royal  Society  |. 

*  With  moderate  total  lieats  the  method  of  compensation  is  extremely 
easy  of  application;  but  when  the  total  radiation  is  very  large,  some 
discipline  is  required  to  keep  the  galvanometer-needle  steady  in  its  most 
sensitive  position.  AMth  due  training,  however,  perfect  mastery  over 
this  difficulty  may  he  obtained. 

t  Proceedings  of  the  Royal  Society,  May  2G,  1S59 ;  Proceedings  of  the 
Koyal  Institution,  .June  1*0,  1859;  'BihJiotheque  Universelle,  July  18.59; 
Cimnos,  vol.  xv.  p.  -321  ;  Nnovo  Cimento,  vol.  x.  p.  19G;  Comptes  lieiulus, 
1859  ;  and  in  other  journals. 

X  Section  .3  of  the  Bakerian  Lecture  for  1861  reveals  some  of  the 
difficulties  Avhich  beset  the  earlier  stages  of  these  inquiries.  To  secure 
strength  of  radiation  and  steadiness  of  the  needle  I  passed  from  source 
to  source,  obtaining  mj'  temperatures  in  turn  from  water,  oil,  fusible 
metal,  sheets  of  copper  lieated  by  regulated  flames,  and  from  other  things. 
Approximate  results  were  readily  obtainable  ;  but  I  aimed  at  a  degree 
of  accuracy  which  would  render  any  material  retractation  afterwards 
unnecessary.  Soundness  of  work  I  thought  preferable  to  rapidity  of 
publication. 
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The  first  point  of  importance  established  in  1850,  and 
developed  in  the  memoir  just  mentioned,  was  that  already- 
referred  to,  namely  the  fiict  of  absorption  and  large  differences 
of  absorption.  The  second  point — destined,  I  think,  to  throw 
light  on  the  deeper  problems  of  molecular  physics,  was  the 
proof,  that  while  elementary  gases  offered  a  scarcely  sensible 
impediment  to  radiant  heat,  equally  transparent  compound 
gases  exhibited,  in  many  cases,  an  energy  of  absorption  com- 
parable to  that  of  the  most  athermanous  solids  and  liquids. 
Determining,  for  example,  the  action  of  a  mechanical  mixture 
of  two  elementary  gases,  it  was  proved  that  without  altering 
either  the  ([uantity  of  matter,  or  its  perfect  transparency  to 
light,  the  absorption  of  invisible  heat  might  be  increased 
many  hundredfold  l)y  the  passage  of  the  constituents  of  the 
mixture  into  a  state  of  chemical  combination. 

A  similar  deportment  may  be  detected  in  liquids  and  solids. 
The  quantity  of  iodine  vapour  generated  at  ordinary  tempe- 
ratures is  so  small  that  its  action  on  radiant  heat  is,  as  might 
be  expected,  insensible.  But  iodine  itself,  when  liquefied  by 
a  powerful  solvent,  behaves  as  an  almost  perfectly  transparent 
body  to  the  obscure  calorific  rays,  even  when  it  is  able  to 
extinguish  totally  the  light  of  the  sun.  Liquid  bromine  is 
also  highly  diathermanous.  The  same  may  be  said  of  phos- 
phorus. In  Melloni's  table  Sicilian  sulphur  comes  next  to 
rock-salt  in  transmissive  power.  A  concentrated  solution  of 
sulphur  in  bisulphide  of  carbon  exerts  no  sensible  action  on 
radiant  heat.  By  fusing  together  iodine  and  sulphur  Pro- 
fessor Dewar  has  produced  a  "  ray-filter  '^  which  separates 
with  extreme  sharpness  the  visible  from  the  invisible  rays. 
The  remarkable  diathermancy  of  certain  si^ecimens  of  vul- 
canite, brought  to  light  in  the  experiments  of  Mr.  Graham 
Bell  and  Mr.  Preece,  is  probably  due  to  the  sulphur  they 
contain.  Melloni  showed  that  lampblack  is  to  some  extent 
diathermanous.  But  when  a  suitable  source  of  heat  is  chosen, 
lampblack  proves  far  more  pervious  to  radiant  heat  than 
Melloni  found  it  to  be.  An  opaque  lay^er  of  this  substance 
transmits  41  per  cent,  of  the  radiation  from  a  hydrogen-flame. 
Were  the  lampblack  optically  continuous,  the  transmission 
would,  doubtless,  be  still  greater.  An  opaque  solution  of 
iodine  transmits  09  per  cent,  of  the  radiation  from  the  same 
source;  while  a  layer  of  pure  water,  0-()7  of  an  inch  in  thickness, 
transmits  only  2  per  cent,  of  the  radiation  from  a  hydroo-en- 
flame.  Such  results  indicate  that  a  profound  change  in  the 
relation  of  ponderable  matter  to  the  luminiferous  ether  ac- 
companies the  act  of  chemical  combination. 

One  of  my  principal  aims  in  the  Bakerian  Lecture  of  1861 
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was  to  illusti'ate  the  liokl  wLicli  experiment  bad  obtained  of  a 
subject  previously  considered  intractable.  The  densities  of 
the  gases  and  vapours  employed  were  therefore  varied  within 
wide  limits.  In  the  experimental  tube  first  made  use  of,  a 
full  atmosphere  of  olefiant  gas  absorbed  more  than  80  per 
cent,  of  the  entire  radiation;  and  it  was  therefore  evident  that 
a  small  fraction  of  an  atmosphere  of  such  gas  would  exert  a 
measurable  action.  On  trial,  it  was  found  possible  to  measure 
the  absorption  of  j^^  of  an  atmosphere  of  olefiant  gas.  The 
action  of  this  gas  was  determined  at  sixteen  different  densities, 
the  absorption,  as  long  as  the  density  was  very  small,  being 
accurately  proportional  to  the  quantity  of  gas  present.  Similar 
experiments  were  made,  and  similar  results  obtained  with 
other  gases.  The  action  of  sulphuric  ether  vapour  upon 
radiant  heat  was  proved  to  be  still  more  powerful  than  that  of 
olefiant  gas.  The  vapour  was  first  carried  into  the  experi- 
mental tube  by  a  current  of  dry  air :  and  the  pure  vapour 
was  afterwards  examined  at  seventeen  different  densities. 
Bisulphide  of  carbon  was  tested  at  twenty  different  densities, 
amylene  at  ten,  benzol  at  twenty,  and  so  of  the  others. 

Considering  the  views  previously  entertained  regarding  the 
diathermancy  of  gases  and  vapours,  I  was  naturally  impressed 
with  these  results.  Sceptical  when  I  first  observed  them,  I 
scrutinized  them  closely,  until  repeated  scrutiny  abolished 
every  doulit.  For  my  own  instruction  I  illustrated  the  action 
of  the  stronger  gases  and  vapours  in  a  variety  of  ways. 
Turning,  for  example,  once  rapidly  round  a  cock  connecting 
the  exhausted  experimental  tube  with  a  holder  containing 
a  powerful  gas,  the  needle  would  fly  aside,  owing  to  the 
stoppage  of  the  heat  by  the  infinitesimal  amount  of  gas  which 
entered  the  tube  during  the  rotation.  Discharging  a  powerful 
gas  or  vapour  in  free  air,  between  the  source  of  heat  and  the 
thermopile,  a  similar  energetic  action  would  be  produced  by 
the  perfectly  invisible  agent. 

I  Avas  schooled  in  such  actions  before  the  thought  of  testing 
the  omnipresent  vapour  of  our  atmosphere  occurred  to  mo. 
"When  it  did  occur,  there  was  in  my  mind  no  a  pi'iori  ground 
for  supposing  that  its  action  would  prove  insensible ;  for  Avhy 
should  I  assume  that  jj-jj  of  an  atmosphere  of  aqueous  vapour 
would  prove  neutral,  after  I  had  proved  a  small  fraction  of 
this  fraction,  on  the  part  of  other  gases  and  vapours,  to  be 
active  ?  There  was  no  reason  for  such  an  assumption  on  my 
part — nothing  to  deter  me  from  hopefully  submitting  the 
question  to  experiment.  I  accordingly  tested  the  water 
vapour  of  the  atmosphere  in  which  I  worked,  and  found  its 
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action  on  a  first  trial  to  be  thirteen  times  that  of  the  air  in 
"which  it  was  diffused. 

It  is  not  uninstructive  to  compare  this  approach  to  the 
problem  with  tliat  of  a  very  distinguished  man — the  late 
Professor  Magnus,  of  Berlin  *.  Subsequent  to  me,  he  sub- 
jected the  aqueous  vapour  of  our  atmosphere  to  an  experi- 
mental test ;  but  he  made  the  experiment  under  the  assured 
conviction  that  his  result  would  be  negative.  "  It  could,^'  he 
says,  "  be  foreseen  with  certainty  that  the  small  amount  of 
aqueous  vapour  taken  up  by  air  at  ordinary  temperatures 
could  exert  no  influenco  on  the  transmission.''''  I  think  it 
must  be  obvious  that  if  Magnus  had  gone  through  the  disci- 
pline to  which  I  had  been  subjected,  he  would  not  have  used 
this  language.  His  mistake,  however,  was  a  natural  one.  In 
fact  during  the  earlier  stages  of  the  inquiry  my  mind  was 
exactlv  in  the  condition  of  his  mind — I  also  thinkino-  until 
practically  instructed  to  the  contrary,  that  the  action  of 
aqueous  vapour  at  ordinary  temperatures  nmst  be  immeasur- 
ably small.  It  is  well  known  that  Magnus  tested  his  foregone 
conclusion,  and  found  it  verified ;  Avhile  I,  on  the  other  hand, 
as  above  stated,  justified  mine. 

The  various  gases  which  had  l^een  examined  in  the  experi- 
mental tube  with  regard  to  their  powers  of  absorption,  were 
next  tested  as  regards  their  powers  of  radiation.  Cohimns  of 
the  heated  gases  were  allowed  to  ascend  in  free  air,  and  to 
radiate  against  the  pile.  In  this  simple  way  the  radiative 
power  of  "  transparent  elastic  fltiids  "  was  for  the  first  time 
established.  The  order  in  w^hich  the  gases  ranged  themselves, 
in  regard  to  radiation,  was  exactly  the  order  of  their  ab- 
sorptions. Here,  as  in  other  cases,  I  instructed  myself  by 
observing  how  gases  might  be  made  to  play  the  part  of  solids. 
Permitting,  for  example,  a  film  of  one  of  the  stronger  gases 
to  glide  over  a  heated  surface  of  polished  silver,  the  radiation 
from  that  surface  was  augmented  as  it  might  have  been  by  a 
coating  of  isinglass  or  lampblack. 

A  surmise  has  been  mentioned  regarding  new  allotropic 
conditions,  as  occtirring  to  me  amid  the  perplexities  of  my 
earlier  experiments.  In  one  instance,  that  of  electrolytic 
oxygen,  the  surmise  -proved  correct.  My  first  experiments 
indicated  that  the  modicum  of  ozone  which  went  forward 
with  the  oxygen  exerted  four  times  the  absorption  of  the  gas 
in  which  it  was  diftused  f-  Subseciuentlv.  by  chanoiuo-  the 
apparatus,  and  takmg  pains  to  augment  the  quantity  of  ozone, 

*  In  man  J-  respects  my  geuerous  aud  helpful  friend  ;  but,  in  regard  to 
this  question,  my  steadfast  antagonist  for  many  years. 
t  Philo-^ophical  Transactions,  vol.  cli.  p.  8. 
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the  multiple  rose  successively  from  4  to  20,  35,  47,  85, 
ascending  finally  to  136  *.  The  beliaviour  of  ozone  was  thus 
proved  to  be  similar  to  that  of  molecules  composed  of  hetero- 
geneous atoms.  Hence  the  conclusion,  drawn  at  the  time, 
that  the  molecule  of  ozone  was  formed  of  oxygen  atoms  so 
grouped  as  to  render  their  action  upon  radiant  heat  virtually 
that  of  a  compound  body.  This,  it  is  needless  to  say,  is  the 
constitution  now  assigned  to  ozone. 

With  the  view  of  including  corrosive  gases  and  vapours 
among  the  number  of  those  examined,  and  for  other  reasons, 
the  brass  experimental  tube  was  displaced  by  a  tube  of  glass 
of  the  same  diameter  and  nearly  3  feet  long.  The  source  of 
heat  was  also  chanoed  from  a  Leslie's  cube  containing);  boiling 
water,  to  a  plate  of  copper  against  which  a  sheet  of  flame 
was  permitted  to  play.  Extraordinary  precautions  were 
found  necessary  to  ensure  perfect  steadiness  on  iha  part  of  the 
flame.  With  this  arrangement  the  practical  inability  of  the 
elementary  gases  to  absorb  radiant  heat  was  further  illus- 
trated and  confirmed.  Chlorine  gas  and  bromine  vapour,  for 
example,  were  proved  to  be  highly  diathermanous. 

At  the  pressure  of  an  atmosphere  it  was  found  that  the 
diathermic  range  of  colourless  gases  extended  from  1  to  about 
1000.  The  portion  of  gas  fii'st  entering  the  experimental 
tube,  having  the  whole  heat  to  act  upon,  produced,  as  might 
be  expected,  the  greatest  effect,  the  increment  of  absorption 
(after  a  certain  quantity  of  gas  or  vapour  had  entered)  being- 
infinitesimal  t-  It  was  therefore  interesting  to  compare 
together  the  A'arious  gases  at  very  small  pressures.  A7heu 
the  pressure  was  that  of  1  inch  of  mercury  the  diathermic 
range  was  greatly  increased,  the  absorption  by  olefiant  gas 
being  then  at  least  6000  times  the  absorption  by  atmospheric 
air. 

A\^ith  the  changed  apparatus  the  action  of  the  aqueous 

*  Philosophical  Transactions,  vol.  clii.  pp.  84,  85. 
t  This  is  well  illustrated  by  an  experiment  on  sulphuric  ether  vapour 
recorded  in  the  Bakerian  Lecture  for  18G1 : — 


Pressure. 

Absorption, 

1  inch. 

214 

2  inches. 

282 

•^       „ 

315 

4      , 

330 

•5       » 

330 

The  absorption  of  air  being-  taken  as  unity,  that  ol'  sulphuric  ether 
vapour  at  1  inch  mercury  pressm-c  is  here  shown  to  be  214.  When, 
however,  vapour  corresponding'  to  a  pressure  of  4  inches  -was  already  in 
the  experimental  tube,  the  addition  of  another  inch  did  not  sensibly 
augment  the  absorption. 


Radiant  Heat,  and  its  Conversion  thereby  into  Sound.     443 

vapour  of  our  atmosphere  was  again  taken  up,  and  proved  to 
be,  not  13  times,  as  I  had  at  first  supposed,  but,  on  fairly 
humid  days,  at  least  60  times  that  of  the  air  in  \yhicli  it  was 
diffused.  ^Vhen  carefully  dried  air  was  caused  to  pass  over 
moistened  glass,  and  then  cari-ied  into  the  experimental  tube, 
the  absorption  was  still  greater. 

A  power  has  been  claimed  for  mist  or  haze  which  has  been 
denied  to  aqueous  vapour ;  but  in  these  experiments  concen- 
trated luminous  beams,  which  would  have  infallibly  brought 
into  view  the  least  trace  of  suspended  matter,  revealed  no 
mist  or  dimness  of  any  kind.  It  is,  moreover,  demonstrable 
that  an  amount  of  turbidity,  rendered  strikingly  evident  by  a 
luminous  beam,  exerts  only  a  fractional  part  of  the  action  of 
the  pure  aqueous  vapour.  When  well-dried  air  was  led,  not 
through  water  or  over  wet  glass,  but  over  bibulous  paper, 
taken  apparently  dry  from  the  drawers  of  the  laboratory,  the 
amount  of  vapour  carried  forward  from  the  pores  of  the  paper 
produced  72  times  the  absorption  of  the  air  which  carried  it. 
After  five  repetitions  of  the  experiment,  wherein  the  same  air 
was  carrieil  over  the  same  paper,  a  quantity  of  va]:)oiu-  was 
still  sent  forward  capable  of  exerting  47  times  the  absorption 
of  the  air  in  which  it  was  diffused. 

Here  the  possible  action  of  odours  upon  radiant  heat 
naturally  suggested  itself.  Many  perfumes  were  accordingly 
subjected  to  examination,  the  odorous  substance  being  in  each 
case  carried  into  the  experimental  tube  by  a  current  of  dry 
air.  Thus  tested,  pachoidi  exerted  30  times,  cassio  109  times, 
Avhile  aniseed  exerted  372  times  the  absorption  exerted  by  the 
air  in  which  it  was  diffused. 

A  novel  method  of  exhibiting  the  absorption  and  radiation 
of  gaseous  bodies,  the  germ  of  which  had  been  previously 
discovered  *,  was  illustrated  and  developed  by  the  new  appa- 
ratus. Suppose  the  experimental  tube  exhausted,  and  the 
needle,  under  the  joint  action  of  the  two  sources,  to  be  at  0°. 
On  admitting  a  strong  vapour  the  usual  deflection  would 
occur.  Suppose  it  to  be  50  galvanometric  degrees.  Let  dry 
air  be  now  introduced  imtil  the  exjDerimental  tube  is  filled. 
Although  fresh  matter  is  thus  thrown  athwart  the  rays  of 
heat,  the  needle  behaves  as  if  the  matter  within  the  experi- 
mental tube  had  wholly  disappeared.  It  sinks  to  zero,  and 
not  only  so,  but  passes,  say  to  50°,  on  the  other  side. 

After  the  first  moments  of  perplexity  succeeding  the  obser- 
vation of  this  effect,  its  cause  became  clear.  On  entering  the 
experimental  tube  the  air,  having  its  r/^'  viva  destroyed,  was 

*  Philosopliical  Trausactious,  vol.  cli.  p.  -j-I. 
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heated  djuamically.  Incompetent  to  radiate  itself,  it  im- 
parted its  Avarmth  to  the  vapour,  and  this  powerful  radiator 
poured  the  heat  thus  received  against  the  pile.  This  heat 
sufficed  not  only  to  neutralize  the  deflection  of  50°  due  to 
absorption,  and  indicating  cold,  but  to  carry  the  needle  up  to 
50°  on  the  side  of  heat.  So  likewise,  when  the  experimental 
tube  was  filled  with  mixed  air  and  vapour,  the  needle  being  at 
0°,  a  stroke  of  the  pump,  though  opening  a  freer  passage  for 
the  rays  from  the  source,  caused  a  deflection  indicative  not  of 
heat,  but  of  cold.  Here,  the  vapour  within  the  tube,  being- 
chilled  by  the  dilatation  of  the  air,  the  pile  radiated  its  un- 
compensated warmth  into  the  vapour  and  produced  the 
observed  deflection. 

Such  observations  suggested  a  new  means  of  demonstrating 
the  absorption  and  radiation  of  heat  by  gases  and  vapours. 
Abandoning  all  external  sotirces  of  heat,  and  permitting  the 
various  gases  already  examined  to  enter  the  experimental 
tube  at  a  connnon  velocity,  they  became  self-heated  and 
radiated  against  the  pile.  Their  radiation,  thus  determined, 
corresponded  exactly  with  the  ]-esults  obtained  when  heated 
columns  of  these  gases  were  permitted  to  rise  freely  in  the 
atmosphere. 

Both  the  radiation  and  absorption  of  vapours  were  deter- 
mined in  the  same  manner.  The  external  source  of  heat  was 
abandoned,  and  a  measured  quantity  of  every  vapour  was 
introduced  into  the  experimental  tube.  Through  an  orifice 
of  fixed  dimensions  dry  air  was  then  permitted  to  enter  the 
tube,  where  the  destruction  of  its  vis  viva  raised  its  tempe- 
rature. The  heated  air  warmed  the  A'apour,  which  in  its  turn 
radiated  the  heat  imparted  to  it  against  the  pile.  The  de- 
flection of  the  galvanometer  declared  the  strength  of  this 
radiation.  Absorption  was  determined  by  permitting  the 
mixed  air  and  vapour  to  dilate  by  a  measured  quantity,  the 
pile  being  here  the  warm  body,  and  the  chilled  vapour  the 
absorbent.  The  order  in  which  the  vapours  stood  as  regards 
absorption  was  here  exactly  the  order  of  their  radiation; 
while  both  absorption  and  radiation,  thus  determined,  agreed 
with  the  results  obtained  by  sending  the  rays  from  an  external 
source  of  heat  through  the  pure  vapours  in  the  experimental 
tube. 

What  has  been  called  "  vapour-hesiou,''''  whereby  liquid 
films  are  produced,  has  been  supposed  to  })lay  a  dominant 
})art  in  my  experiments.  But  it  can  hardly  be  imagined  that 
an  irregular  action  of  this  kind  could  produce  results  of  such 
precision  and  consistency  as  those  here  recorded.  Such 
residts   are,  in   my  opinion,  only  compatible   with  the  con- 
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elusion  that  the  veritable  radiators  and  absorbers  are  the 
molecules  of  the  vapours.  Apart  from  all  experiment,  the 
notion  that  vapours  must  act  in  this  way  comes  commended 
to  us  by  the  proved,  and  conceded,  deportment  of  gases.  It 
would  be  unreasonable  to  admit  that  a  compound  gaseous 
molecule  is  active,  and  at  the  same  time  to  affirm  that  a 
compound  vaporous  molecule  is  inert. 

This  hypothesis  of  liquid  films  formed  on  the  interior  surface 
of  the  experimental  tube,  and  on  the  plates  of  rock-salt,  becomes, 
I  think,  more  embarrassed  as  we  proceed.  It  depends  on  the 
unproved  assumption  that  liquids  possess  powers  of  absorption 
Avhich  are  denied  to  their  vapours.  To  water  and  brine,  for 
instance,  Magnus  largely  concedes  such  powers,  but  not  to 
aqueous  vapour.  That  the  state  of  aggregation  exerts  an 
influence  is  not  denied;  but  that  it  is  here  the  dominant  factor 
is  open  to  doubt.  To  admit  this  would  be  to  concede  that 
the  seat  of  absorption  is  the  molecule  as  a  whole,  to  the 
practical  exclusion  of  the  constituent  atoms  of  the  molecule. 
For  if  the  atoms  exert  any  influence,  the  mere  passage  from 
the  liquid  to  the  vaporous  condition,  which  separates  the 
molecules  from  each  other,  but  leaves  them  individually  intact, 
cannot  destroy  their  powers  of  absorption. 

At  an  early  stage  of  these  researches  the  parallelism  of 
liquid  and  vaporous  absorption  forced  itself  upon  my  attention. 
Thus  my  experiments  on  bisulphide-of-carbon  vapour  were 
connected  with  the  deportment  of  liquid  bisulphide,  as  set 
forth  in  Melloni's  table.  The  vapours,  moreover,  of  chloride 
of  sulphur  and  chloride  of  phosphorus,  whose  liquids  stand  in 
Melloni's  table  next  to  bisulphide  of  carbon,  were  aftei'wards 
proved  by  me  to  possess  a  diathermancy  cori-esponding  to 
that  of  their  liquids.  After  various  references  to  this  subject 
in  preceding  memoirs,  a  portion  of  the  Bakerian  Lecture  for 
lb64  was  devoted  to  its  examination.  Liquid  layers  enclosed 
between  plates  of  transparent  rock-salt  were  tested  in  regard 
to  their  diathermancy;  and,  for  the  sake  of  control  and  veri- 
fication, they  were  employed  in  five  different  thicknesses. 
The  vapours  of  these  liquids  were  examined  in  quantities  pro- 
portional to  the  quantity  of  liquid,  the  same  quality  of  heat 
being  applied  both  to  liquids  and  vapours.  By  these  experi- 
ments it  seemed  to  me  placed  beyond  a  doubt  that  the 
liberation  of  the  molecule  from  the  liquid  condition  did  not 
destroy  its  absorbent  power,  the  order  of  absorption  being 
proved  to  be  precisely  the  same  for  liquids  and  their  vapours. 
Ten  different  substances  were  shown  at  the  time  here  referred 
to  to  follow  this  rule.  The  list  has  since  been  extended;  and 
I  am  not  acquainted  with  a  single  real  exception  to  the  rule. 
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Any  reasoning,  therefore,  whicli  ascribes  a  potent  absorption 
to  perfectly  impalpable  films,  condensed  on  the  surface  of 
my  apparatus,  and  which  denies  that  absorption  to  the  free 
molecules  within  the  experimental  tube,  is  in  my  opinion 
untenable. 

The  relation  between  liquids  and  their  vapours  here  indi- 
cated is  very  thorough.  It  extends  beyond  the  field  of 
experiment  which  we  have  hitherto  had  in  view.  I  have,  for 
example,  published  some  researches  on  the  action  of  rays  of 
high  refrangibility  on  gaseous  matter,  and  have  shown,  in  a 
great  vai'iety  of  cases,  that  the  molecules  are  shaken  asunder 
by  such  rays.  The  actinic  clouds,  as  I  have  called  them, 
produced  by  this  decomposition  reveal  vividly  the  track  of  the 
beam  hy  which  they  are  generated,  and  render  it  easy  to 
observe  the  distance  to  which  the  action  penetrates.  In  the 
case  of  nitrite  of  amyl,  for  example,  the  power  of  decompo- 
sition is  soon  exhausted,  the  actinic  cloud  ceasing  abruptly  at 
a  point  about  18  inches  from  the  place  where  the  beam  enters 
the  vapour.  An  experimental  tube  3  feet  long  has  therefore 
one  half  of  its  vapour  shielded  by  the  other  half;  and  on  re- 
versing the  tube,  the  shielded  half  comes  instantly  down  as  an 
actinic  cloud.  In  the  case  of  iodide-of-allyl  vapour,  on  the 
other  hand,  the  beam  may  pass  through  a  charged  experi- 
mental tube  5  feet  long,  fill  it  with  an  actinic  cloud,  and  still 
effect  decomposition  in  another  tube  placed  beyond  it.  What 
is  true  of  these  vapours  is  true  equally  of  their  liquids ;  for 
while  a  layer  of  the  liquid  nitrite  ^  of  an  inch  thick  prevents, 
when  placed  in  the  track  of  the  beam,  the  decomposition  of 
its  vapour,  a  layer  of  the  liquid  iodide,  of  quadruple  thickness, 
does  not  arrest  the  decomposition.  The  power,  and  the  lack  of 
power,  to  be  penetrated  to  considerable  depths  is  shared  alike 
by  the  liquids  and  their  vapours.  Other,  and  still  more  subtle 
and  penetrating  illustrations  of  parallelism  between  liquid  and 
vaporous  absorption  are  mentioned  in  the  Bakerian  Lecture 
for  1864* 

§  3.  Researches  of  Magnus. 

Prompted  by  the  experiment  of   Grove,  illustrating  the 
chilling  action  of  hydrogen,  Magnus,  in  1860,  began  an  in- 

*  Carbonic  acid  is  one  of  the  feeblest  of  tbe  compound  gases,  as  regards 
the  radiation  fi-om  solid  bodies :  but  for  the  radiation  from  a  carbonic 
oxide  flame  it  transcends  all  other  gases  in  absorbent  power.  The  action 
of  aqueous  vapour  is  also  enhanced  when  it  acts  upon  the  rays  emitted 
by  a  hydrogen-flame.  The  enhancement  extends  to  water.  Curious 
reversals  of  diathermic  position,  when  heat  from  difl'erent  sources  is 
employed,  are  moreover  shown  to  occur  simultaneously  with  liquids  and 
vapours. 
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vestigation  on  the  power  of  gases  to  conduct  heat*.  His 
apparatus,  traced  in  outline  from  his  own  plate,  is  shown  in 
fig.  1,  where  A  B  is  the  recipient  for  the  gases,  and  C  a  flask 
containing  water  kept  boiling  by  a  current  of  steam.  The 
bottom  of  C,  which 
formed  the  top  of  A  B,  Fig.  1. 

was  the  source  of  heat.  ^ ^^ 

A  thermometer,  g  f, 
shielded  by  a  oork  or 
metal  screen  o  o'  from 
the  radiation  of  the 
source,  was  intended 
to  receive  and  measure 
the  heat  transmitted 
by  conduction.  The 
recipient  A  B  was 
mounted  in  a  space 
surrounded  by  water 
of  a  constant  tempe- 
rature. The  heating 
of  the  thermometer 
when  A  B  was  ex- 
hausted t)  was  com- 
pared with  its  heating 
when  A  B  was  filled 
with  various  gases  ; 
and  in  every  case 
but  one  the  heatino; 
through  the  gas  was 
found  less  than  the 
heating  through  the  vacuum.  The  exception  was  hydrogen, 
which  carried  more  heat  to  the  thermometer  than  was  trans- 
mitted by  the  vacuum.  The  conclusion  drawn  by  its  author 
from  this  experiment  Avas  that  hydrogen  conducted  heat  like 
a  metal. 

One  remark  only  in  this  Note  has  any  reference  to  the 
diathermancy  of  gases;  but  it  is  a  significant  one.  Magnus 
had  no  doubt  as  to  the  power  of  every  one  of  his  gases  to 
conduct  heat.  There  could,  he  supposed,  be  only  a  difference 
of  degree  between  them  and  hydrogen.     Whence,  then,  the 

•  A  Preliminary  Note  of  this  inquiiy  is  published  in  the  Bericht  of 
the  Berlin  Academy  for  July  30,  18G0.  No  measurements  are  given; 
but  certain  results  are  annoimced.  The  experiments  were  first  published 
in  Poggendorffs  Annalen  for  April  1861. 

t  This  vacuum-temperature,  at  least  in  so  far  as  it  exceeded  that  of 
the  sides  of  the  recipient,  was  obviously  derived  from  the  screen. 
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lowering  of  the  thermometer  ?  He  answers  thus  : — "  From 
this  it  is  not  to  be  inferred  that  the  gases  do  not  conduct 
heat,  but  merely  that  in  their  case  conduction  is  so  feeble 
as  to  be  neutralized  by  adiathermancy."  These  are  the  only 
words  in  the  note  which  have  any  reference  to  radiation. 

In  his  next  inquiry  Magnus  dealt  directly  with  the  subject 
of  diathermancy,  a  Preliminary  Note  of  the  investigation 
beino-  published  in  the  Monatsbericht  for  February  7th,  1861. 
This  note,  like  its  predecessor,  consisted  of  general  and 
descriptive  statements,  no  actual  measurements  iDcing  given. 
The  completed  memoir  was  first  published  in  Poggendorff's 
Annalen  for  April  1861.  For  the  purposes  of  this  new  inquiry 
the  apparatus  used  in  the  experiments  on  gaseous  conduction 
was  modified,  as  shown  in  fig.  2.  To  the  recipient  A  B  a 
second  one  G  F  was  attached,  the  two  being  connected  by  the 
tubulure  shown  in  the  figure.  The  recipient  G  F  rested  upon 
the  plate  of  an  air-pump,  on  which  also  stood  the  thermopile 
p,  with  one  of  its  faces  turned  towards  the  source.  From  the 
pile,  through  the  air-pump  plate,  wires  passed  to  the  galvano- 
meter. With  this  apparatus,  the  absorption  by  atmospheric 
air  and  by  oxygen  was  found  to  be  11'12,  and  by  hydrogen 
14*1  per  cent,  of  the  total  radiation.  The  alleged  con- 
ductivity of  hydrogen  did  not  therefore  manifest  itself  in 
these  experiments. 

Let  us  analyze  these  results.  In  the  first  experiments  the 
distance  of  the  thermometer  from  the  source  of  heat  was 
35  millimetres.  The  action  on  the  thermometer  through  a 
vacuum  being  represented  by  100,  the  action  through  air  and 
through  oxygen  of  this  depth  was  found  to  be  82.  The  loss 
of  18  per  cent,  in  air  and  in  oxygen  was  alleged  to  be  due  to 
the  adiathermancy  of  these  media;  to  which  percentage,  if  we 
wish  to  ascertain  the  total  absorption  by  air,  we  should  have 
to  add  such  heat  as  reached  the  thermometer  by  conduction. 

Tiirning  now  to  the  modified  apparatus,  which  is  evidently 
drawn  to  scale,  the  gas  here  traversed  by  the  radiant  heat 
was  about  275  millimetres  in  depth,  while  the  stratum  tra- 
versed in  the  first  experiments  was,  as  stated,  only  35  milli- 
metres. Yet  in  these  first  experiments  an  absorption  of  18 
per  cent.,  while  in  the  later  ones  an  absorption  of  only  11-21 
per  cent.,  is  assigned  to  air.  In  other  words,  when  the  depth 
of  the  aerial  stratum  was  augmented  more  than  sevenfold, 
the  absorption,  instead  of  increasing,  fell  to  less  than  two 
thirds  of  that  of  the  shallower  stratum.  It  is  pretty  obvious 
that  an  influence  different  from  pure  absorption  came  here 
into  play.     That  influence  was  convection. 

Anxious  to  probe  this  matter  to  the  bottom,  and  to  abolish. 
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or  account  for,  the  differences  between  my  friend  and  myself, 
I  wrote  to  bim  proposing  an  excbange  of  apparatus— tbat  be 
sbould  send  bis  to  London,  and  I  mine  to  Berlin.  I  after- 
wards bad  a  facsimile  of  bis  apparatus  constructed  m  London, 


and  satisfied  myself  by  actual  trial  tbat  it  was  really  bara- 
pered  witb  tbe  defects  I  bad  ascribed  to  it.  By  means  of  tbe 
striffi  of  incense  smoke  and  of  cbloride  of  ammomum,  tbe  lact 
of  convection  in  air  was  rendered  plainly  visible  to  tbe  eye  ; 
wbile  tbe  bebaviour  of  bydrogen,  under  like  circumstances, 
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revealed  the  cause  of  its  transporting  more  heat  than  the 
vacuum  in  the  first  experiments,  and  less  heat,  not  only  than 
the  vacuum,  but  than  air  or  oxygen,  in  the  second  experi- 
ments. In  the  one  case  the  thermometer,  being  close  to  the 
source,  came  within  the  range  of  the  convection-currents  of 
this  mobile  gas,  the  heat  being  transported  to  it  by  these 
currents.  In  the  other  case  a  considerable  distance  intervened 
between  the  source  and  the  pile,  which  was  further  effectually 
protected  by  the  narro\v  tuljulure.  Through  it  the  currents 
could  not  pass ;  but  they  nevertheless  existed  in  the  recipient 
A  B,  lowering  the  temperature  of  the  source  without  heating 
the  thermoscopic  instrument. 

The  experimental  resources  of  Magnus  were  great,  and  he 
here  applied  them ;  but  the  defects  of  his  method  were  radical 
and  irremovable.  These  defects  reached  their  culmination  in 
the  subsequent  researches  of  Professor  Buff  *,  who,  by  pur- 
suing substantiallv  the  same  method,  arrived  at  the  result  that 
a  stratum  of  air  2\  inches  thick  absorbed  60  per  cent,  of  the 
radiation  from  a  source  of  100°  C.f  Buff  also  found  defiant 
gas  to  be  more  diathermanous  than  air  ;  whereas  at  atmo- 
spheric pressures  it  is  many  hundred,  and  at  a  pressure  of  -^q 
of  an  atmosphere  many  thousand  times  more  opaque  to  heat. 

This  is  the  point  at  which  aqueous  vapour  enters  into  the 
experiments  of  Magnus.  When  dry  and  humid  air  were 
compared  together  in  his  apparatus,  no  difference  between  them 
was  observed.  But,  apart  from  all  disturbance,  it  would 
require  an  instrumental  arrangement  far  more  delicate  and 
powerful  than  that  here  employed,  to  bring  into  view  the 
action  of  a  stratum  of  mixed  air  and  aqueous  vapour  11  inches 
deep,  and  having  a  temperature  of  only  15^  C.  Disturbances, 
however,  were  not  absent.  In  the  first  place,  the  convection 
currents  which  enabled  dry  air  to  reduce  the  radiation  by 
11'12  per  cent.,  were  more  than  sufficient  to  mask  the  action 
of  the  vapour.  Secondly,  dry  and  humid  air  were  brought  in 
succession  into  direct  contact  with  the  face  of  the  thermopile. 
The  pile  was  therefore  affected  by  any  difference  of  tempe- 
rature between  it  and  the  air,  and  it  could  scarcely  be  sup- 
posed that  these  temperatures  were  always  alike.  It  was  also 
affected  by  the  condensation  and  evaporation  which  occurred 
when  humid  air  and  drv  air  were  brought  successivelv  into 
contact  with  its  lampblack-coated  face.  To  "  vapour-hesion  *'' 
Magnus  subsequently  ascribed  very  large  effects.  Here  we 
have  the  conditions  specially  suited  to  the  development  of  the 

*  Phil.  Mag.  5th  ser.  vol.  iv.  p.  401.  For  my  reply  .see  Proc.  Roy. 
Soc.  vol.  xxz.  p.  10.  t  Ibid.  1877,  vol.  iv.  p.  424. 
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action,  and  yet  no  reference  is  made  to  it.  Either,  then,  the 
disturbance  was  overlooked,  or  the  apparatus  was  not  suffi- 
ciently delicate  to  reveal  it.  To  these  two  sources  of  dis- 
turbance (the  lowering  of  the  temperature  of  the  source  by 
convection,  and  the  Avarming  and  chilling  of  the  pile  by 
contact,  condensation,  and  evaporation)  is  to  be  added  another, 
due  to  the  warming  which  must  have  occurred  when  the 
dynamically  heated  air  came  into  direct  contact  with  the 
thermopile — an  action  which,  in  my  apparatus,  proved  suffi- 
cient to  whirl  the  needle  of  the  galvanometer  more  than  once 
through  an  entire  circle. 

Magnus  next  experimented  with  glass  tubes  1  metre  long 
and  closed  at  the  ends  with  plates  of  glass.  His  source  of 
heat  was  a  strong  gas-flame  aided,  as  in  the  experiments  of 
Dr.  Franz,  by  a  parabolic  mirror.  Two  tubes  were  employed, 
the  one  blackened  within,  and  the  other  unblackened.  With 
the  blackened  tube  an  absorption  of  2*44  per  cent,  was  found 
for  air,  and  an  absorption  of  3"75  per  cent,  for  hydrogen.  In 
the  unblackened  tube  the  absorption  by  air  was  14*75  per 
cent.,  and  by  hydrogen  16*2 7  per  cent,  of  the  total  radiation. 

I  went  over  this  ground  with  the  utmost  care,  using  in- 
visible as  well  as  visible  heat.  But,  substituting  plates  of 
pellucid  rock-salt  for  the  plates  of  glass,  I  failed  to  realize 
the  eliect  obtained  by  Magnus.  He  ascribed  the  ditFerence 
between  the  results  obtained  with  his  blackened  and  his  un- 
blackened tube  to  a  change  of  quality  in  the  heat,  produced 
by  reflection  from  the  interior  surface  of  the  latter.  With 
plates  of  rock-salt,  however,  though  the  reflection  abides,  the 
change  of  quality  does  not  occur.  My  position,  therefore,  in 
regard  to  these  experiments  is  similar  to  what  it  was  in  regard 
to  those  of  Dr.  Franz.  The  results  obtained  with  air,  oxygen, 
and  hydrogen  were,  I  hold,  due  to  the  chilling  of  the  heated 
glass  ends  of  the  tube  by  the  cold  gases,  and  the  consequent 
lowering  of  the  secondary  radiation. 

It  was  shown  by  Magnus  hiniself,  and  is  moreover  obvious 
at  flrst  sight,  that  the  unblackened  tube  sent  a  far  greater 
amount  of  heat  to  the  glass  plate  adjacent  to  the  thermopile 
than  the  blackened  one.  That  plate  being  more  heated  by 
the  source,  was  more  chilled  by  the  air  when  it  entered.  The 
greater  cooling-power  of  hydrogen  accounts,  moreover,  for 
the  advance  of  the  supposed  absorption  from  14*75  to  16"27 
per  cent.  With  carbonic  acid  Magnus  detected  a  difference 
which  had  escaped  Dr.  Franz.  Instead  of  making  the  action 
of  this  gas  equal  to  that  of  air,  he  found  in  the  blackened 
tube  an  absorption  of  8*19  per  cent.,  and  in  the  unblackened 
tube  an  absorption  of  21*92  per  cent.,  exerted  by  carbonic  acid. 
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Here  true  absorption  mixed  itself  "with  the  effect  of  mere 
chilling,  while  with  still  more  powerful  gases  the  effect  of 
chilling  retreated  by  comparison  more  and  more. 

Such  were  the  experiments  which  determined,  in  the  first 
instance,  the  attitude  of  this  distinguished  man  towards  that 
portion  of  my  work  which  related  to  the  action  of  the  air 
and  vapour  of  our  atmosphere  on  radiant  heat.  In  the  defence 
of  his  position  he  brought  to  bear  all  the  resources  of  con- 
summate skill  and  large  experience.  His  position,  however, 
was  by  no  means  a  wholly  defensive  one.  He  dwelt  re- 
peatedly and  emphatically  on  the  dangers — and  they  are  real — 
to  which  the  method  pursued  by  me  was  exposed.  I  had 
closed  my  experimental  tube  with  plates  of  transparent  rock- 
salt:  and  he  urged  against  me  the  hygi'oscopic  character  of 
this  substance.  Placing  rock-salt  beside  a  vessel  of  water 
under  a  glass  shade,  he  found  that  it  could  be  rendered 
dripping  Avet  *.  Hence  his  argument  that,  instead  of 
measuring  the  action  of  vapour,  I  had  really  measured  the 
action  of  brine.  This,  however,  I  could  not  admit.  I  was 
aware  of  the  dancrer,  and  had  avoided  it.  In  manv  hundred 
instances  the  rock-salt  plates  had  been  detached  from  my 
experimental  tube  while  filled  with  the  very  air  which  had 
produced  the  observed  absorption,  and  found  to  be  as  dry  as 
polished  plate-glass.  For  a  week  at  a  time  I  have  charged 
my  experimental  tube  alternately  with  dried  and  undi'ied  air, 
removing  every  evening  the  plates  of  salt  while  the  humid 
air  filled  the  tube.  Their  dryness  and  polish  were  found 
unimpaired  t-  I  have  frequently  flooded  the  experimental 
tube  with  light,  and  watched  narrowly  whether  any  dimness 
showed  itself  on  the  salt,  or  on  the  interior  surface,  when  the 
humid  air  entered.  There  was  nothing  of  the  kind.  I 
finally  abandoned  the  plates  of  salt  altogether,  and  obtained 
in  a  tube  opened  at  both  ends  substantially  the  same  effects 
as  those  obtained  when  the  tube  was  closed  with  plates  of 
rock-salt. 

In  1802  Magnus  came  to  London.  He  had  been  previously 
working  at  the  points  of  difference  between  us,  and  had 
strengthened  his  first  conviction.  The  action  of  the  air  he 
had  found  to  be  considerable,  and  the  action  of  aqueous  vapour 
practically  nil.     I  also  had  been  Avorking,  but  with  an  entirely 

*  It  has  been  sliown  hj  Professor  Dewar  that  the  exposure  of  a  dry 
plate  of  rock-salt  for  five  minutes  to  saturated  air  sensibly  augments  the 
weight  of  the  salt  as  deltrmined  by  a  delicate  balance. 

t  This  mastery  over  the  apparatus  was  not  attained  without  training. 
Any  lapse  of  care  soon  declared  itself  by  the  condition  of  the  plates  of 
salt. 
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different  result.  It  was  hoped  by  both  of  us  that  our  dif- 
ferences would  be  settled  during  this  visit.  With  my  closed 
experimental  tube  I  showed  him  the  neutrality  of  dr}^  air  and 
the  activity  of  humid  air;  and  while  the  latter  was  in  the 
tube  I  detached  the  rock-salt  plates  and  placed  them  in  his 
hand.  He  closely  inspected  them,  passed  his  dry  handker- 
chief over  them,  and  I'rankly  and  emphatically  pronounced 
them  perfectly  dry.  I  then  executed  in  his  presence  the 
experiments  with  the  open  tube,  and  reproduced  the  results 
which  I  had  previously  published.  I  subjected  the  method  of 
compensation  to  a  severe  test,  and  showed  him  how  exact  it 
could  be  made.  He  frankly  confessed  his  inability  to  find 
any  flaw  in  my  experiments,  and,  save  in  one  particular,  made 
no  attempt  to  reconcile  our  differences.  He  accounted  for 
the  neutrality  of  dry  air  observed  by  me  by  pointing  to  my 
thermopile,  between  which  and  the  experimental  tube  a  space 
of  air  intervened.  He  argued,  and  justly  argued,  that 
though  the  calorific  rays  were  permitted  to  enter  the  tube 
from  a  vacuum,  if  the  air  intervening  between  tube  and  pile 
could  produce  the  effect  which  he  ascribed  to  it,  the  heat 
would  l)e  ro})bed  of  its  absorbable  rays  before  the  dry  air 
entered  the  tube,  the  subsequent  neutrality  of  dry  air  being  a 
matter  of  course.  The  logic  was  good  ;  but  its  basis  I  knew 
to  be  more  than  doubtful ;  and  I  therefore  asked  him  whether 
a  layer  go  ^^  ^'^  ^^^^^^  thick  between  pile  and  tube  Avould 
produce  any  sensible  effect.  His  reply  was  an  emphatic 
negative.  In  subsequent  experiments,  therefore,  the  conical 
reflector  was  removed  from  my  pile,  and  placed  within  the 
experimental  tube,  its  narrow  end  being  caused  to  abut 
against  the  plate  of  rock-salt.  The  face  of  the  pile  was  then 
brought  within  less  than  -^q  of  an  inch  of  the  rock-salt  plate  ; 
and  in  this  way  my  former  measurements,  which  had  declared 
the  pure  air  of  our  atmosphere  to  be  a  practical  vacuum  to 
radiant  heat,  were  verified  to  the  letter. 

The  well-earned  fame  of  Magnus  as  an  experimenter,  and 
his  personal  friendliness  to  myself,  rendered  it  specially  in- 
cumbent on  me  to  deal  respectfully  with  every  one  of  his 
suggestions.  He  once  intimated  to  me  that  the  absorption, 
which  I  had  supposed  due  to  aqueous  vapour,  might  be  really 
due  to  the  smoke  and  dust  suspended  in  London  air.  To 
meet  this  I  carried  air  mvself  from  the  Isle  of  Wight,  had  it 
carried  from  Epsom  Downs  and  other  places,  and  found  the 
aqueous  vapour  diffused  in  such  air  to  be  from  60  to  70  times 
more  energetic  than  the  air  itself.  London  air,  moreover, 
was  freed  from  its  suspended  matter,  and  tested  when  dry  :  it 
proved  neutral.     The  self-same  air  was  then  rendered  humid : 
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its  absorbent  power  was  restored.  Then,  with  dry  air  as  a 
carrier,  I  introduced  smoke  into  the  experimental  tube,  until 
it  far  exceeded  in  density  that  suspended  in  the  London  air 
when  Magnus  drew  my  attention  to  it.  The  quantity  of  heat 
intercepted  by  this  smoke  proved  to  be  only  a  fraction  of  that 
absorbed  by  the  perfectly  invisible  aqueous  vapour. 

On  his  return  to  Berlin  he  resumed  his  labours.  He  had 
been  especially  impressed  by  the  experiments  with  the  open 
tube;  and  to  this  point  he  directed  his  chief  attention.  "  The 
result  of  this  experiment,"  he  writes,  "  was  so  surprising,  and 
so  little  in  accord  with  what  I  had  found  bv  other  methods, 
that  on  reaching  home  I  determined  to  repeat  the  experi- 
ment." He  did  so,  with  this  result : — "  I  have,"  he  says, 
"  repeated  the  blowing-in  of  dry  air  and  moist  air  many 
hundred  times;  but  in  no  single  case  was  the  deflection  such 
as  to  indicate  a  greater  absorption  by  moist  air  "  *.  Humid 
air,  in  his  experiments,  produced  the  deflection  of  heat  ;  dry 
air  the  deflection  of  cold — a  result  diametrically  opposed  to 
mine.  In  London  he  had  seen  that  my  deflections  were  as 
large  as  I  had  affirmed  them  to  be  ;  but  he  had  not  criticised 
them  with  the  view  of  ascertaining  whether  they  were,  or  were 
not,  in  the  right  dii-ection.  Li  these  new  experiments,  how- 
ever, he  had,  he  thought,  hit  upon  their  origin.  The  moving 
air  had  reached  the  face  of  the  thermopile,  producing, 
when  humid,  heat  by  condensation,  and,  when  dry,  cold  by 
evaporation. 

I  read  the  account  of  these  experiments  with  some  concern; 
for  it  was  thereby  made  plain  to  me  that  Magnus  had  by  no 
means  realized  the  anxious  care  that  I  had  bestowed  upon  my 
work.  The  testimony  of  an  independent  observer  would,  I 
thought,  set  the  matter  right.  My  apparatus,  carefully  ad- 
justed, was  accordingly  handed  over  to  Dr.  Frankland,  who 
minutely  tested  every  point  involved  in,  or  arising  out  of, 
the  objection  of  Magnus.  He  verified  all  my  results.  His 
opinion  as  to  the  accuracy  of  the  method  of  compensation  is 
worth  recording.  "  In  conclusion,"  he  writes,  "  I  cannot 
but  express  my  surprise  and  admiration  at  the  precision  and 
sharpness  of  the  indications  of  your  apparatus.  Without 
having  actually  worked  with  it,  I  should  not  have  thought  it 
possible  to  obtain  these  qualities  in  so  high  a  degree  in  deter- 
minations of  such  extreme  delicacy  "  f'      I'o   this   may  be 

*  Poggendorff's  Annalen,  1863,  vol.  cxviii.  p.  580 ;  Phil.  Mag.  1863, 
Tol.  xxvi.  p.  2o. 

t  The  total  heat  here  employed  amounted  to  86°-2  of  a  quadrant. 
This  exceedingly  large  deflection  was  neutralized  by  the  radiation  from 
the  compensating  cube.  But  so  accurately  were  the  two  sources  balanced, 
and  so  constant  was  the  radiation  on  both  sides,  that  the  determinations 
were  made  with  ease,  and  without  sensible  disturbance  or  Huctuation. 
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added  the  subsequent  testimony  of  Professor  Wild,  now  of 
the  University  of  St.  Petersburg,  who  went  carefully  over 
the  same  ground.  "  In  all  my  experiments,"  he  says,  "  con- 
ducted according  to  TyndalFs  method,  which  included  more 
than  a  hundred  distinct  observations,  I  have  never  obtained 
deflections  of  the  galvanometer-needle  in  contradiction  to  the 
statements  of  Professor  Tyndall '"''  *. 

In  an  extremely  able  paper,  a  translation  of  which  is  pub- 
lished in  the  Philosophical  Magazine  for  October  18(JG,  the 
Petersburg  philosopher  compares   the  methods   pursued  by 
Magnus  and  myself  respectively.     Insufficient  sensitiveness, 
and  the  disturbance  due  to  convection-currents,  caused  him, 
he  says,  to  abandon  the  method  of  Magnus.     "  Although,^' 
he  continues,  "this  method  of  investigating  absorption  may, 
in  the  hands  of  so  experienced  and  expert  an  experimenter  as 
Professor  Magnus,  be  an  appropriate  one  for  determining 
absolute  values  with  great  certainty,  I  feel  bound,  from  my 
own  experience,   to  give  a  decided  preference  to  TyndalFs 
method,  not  only   on  account    of  the   greater    facility  with 
which  it  furnishes  qualitative  [quantitative]  results,  but  also 
in  consequence  of  its  greater  delicacy.      It  is  principally  in 
consequence  of  this   greater  delicacy    that,  notwithstanding 
the  negative  results  furnished  by  Magnuses  method,  I  maintain 
that  the  greater  absorptive  power  of  moist  air,  as  compared 
with  dry,  has  been  fully  established  by  the  experiments  made 
according  to  TyudalFs  method;  and   I  am   of  opinion  that 
meteorologists  may  without  hesitation  accept  this  new  fact  in 
their  endeavours  to  explain  phenomena  which  hitherto  have 
remained  more  or  less  enigmatical." 

In  1866  Magnus  varied  his  method  of  experiment,  seeking 
to  solve  the  question  of  absorption  by  observations  on  radiation. 
"  I  have,"  he  says,  "  made  a  few  determinations  of  the  ra- 
diation of  dry  and  moist  air,  and  of  some  other  gases  and 
vapours.  Up  to  the  present  time,""  he  continues,  "  the 
capacity  of  these  bodies  to  transmit  heat  has  alone  been 
determined  "t-  He  then  describes  his  arrangement : — "  The 
gases  and  vapours  were  passed  through  a  brass  tube  of 
15  millimetres  internal  diameter,  which  was  placed  horizon- 
tally and  heated  by  gas-flames.  One  end  of  the  tube  was 
bent  upwards,  so  that  the  heated  air  ascended  vertically, 
while  at  a  distance  of  400  millimetres  from  the  vertical 
current  was  placed  the  thermopile.^''  When  dry  air  was  sent 
through  this  tube,  the  deflection  produced  was  three  divisions 
of  a  scale;  when  air  which  had   passed  through  vrater  at  a 

*  Phil.  Mag.  4tli  ser.  vol.  xxxii.  p.  252. 

t  This  is  au  inadverteuee.      Exhaustive  experiments  ou  the  radiation 
of  gases  and  vapours  had  been  made  and  published  mauy  years  previously 
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temperature  of  15°  C.  was  sent  through  the  tube,  the  deflection 
rose  to  five  divisions;  when  the  water  was  warmed  to  60°  or 
80°  Fahr.,  the  deflection  was  20  divisions  ;  and  when  the 
water  boiled,  the  deflection  was  100  divisions.  In  this  last 
experiment,  however,  a  mist  appeared;  so  that,  as  urged  at 
the  time,  the  radiation  could  not  be  said  to  have  been  purely 
from  vapour.  In  the  other  cases  no  mist  was  visible  ;  but  it 
was  nevertheless  concluded  that  the  20-division  deflection  was 
due  to  the  formation  of  mist  at  the  boundary  of  the  ascending 
current. 

I  should  be  disposed  to  claim  these  experiments  as  telling 
in  my  favour.  The  first  of  them,  in  my  opinion,  dealt  with 
the  radiation,  not  from  dry  air,  but  from  the  adjacent  aqueous 
vapour  Avlnch  had  been  warmed  by  the  dry  air.  That  the 
deflection  in  the  second  experiment  was  small  is  not  sur- 
prising. The  radiation  which  could  reach  the  pile  from  a  jet 
of  air  onlv  15  millimetres  in  diameter,  and  containingf  such 
moisture  as  could  be  taken  up  at  15  C,  must  have  been 
extremely  small  under  any  circumstances.  But  in  the  present 
case,  even  this  small  radiation  was  diminished  by  the  passage 
of  the  heat  through  400  millimetres  of  undried  air.  I  should 
demur  to  the  explanation  of  the  third  experiment,  and  question 
the  warrant  to  imaoine  a  mist  which  could  not  be  seen.     Even 

.  .  .        •  •  -T- 

the  fourth  experiment,  where  mist  was  visible,  yielded,  I  doubt 
not,  a  mixed  result — part  of  the  effect,  and  probably  the  smallest 
part,  being  due  to  the  mist,  and  part  of  it  to  the  vapour. 

With  regard  to  the  radiation  from  hot  aqueous  vapour,  the 
following  experiment  is  typical  of  some  hundreds  which  I 
have  had  occasion  to  make.  A  burner,  consisting  of  two 
rings  provided  with  numerous  small  apertures,  was  placed 
within  a  square  tin  chimney.  At  some  height  above  the 
burner  the  chimney  was  perforated,  so  as  to  enable  the  radia- 
tion from  a  heated  gaseous  column  within  the  chimney  to 
reach  a  distant  thermopile.  The  side  of  the  chimney  facing 
the  pile  was  so  protected  by  screens  that  the  radiation  from 
the  chimney  itself  was  nil.  Connecting  the  burner  with  a 
bottle  of  compressed  hydrogen,  the  gas  was  ignited.  A 
column  of  hot  vapour  rose  from  the  burner  and  passed  the 
aperture  in  the  chimney  through  which  it  sent  its  rays  to  the 
pile.  Mere  tips  of  flame  were  first  employed,  the  column  of 
vapour  rising  from  them  sufficing  nevertheless  to  produce  a 
permanent  deflection  of 

40°. 
A  slight  augmentation  of  the  flame  sent  the  needle  uj)  to 

60°. 
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A  still  further  augmentatioa  sent  it  up  to 

75°. 

This  last  deflection  was  equivalent  to  more  than  400  of  the 
degrees  in  the  neighbourhood  of  zero. 

The  radiating  coluum  was  here  considerably  above  the 
flame.  To  examine  the  condition  of  the  column,  a  concen- 
trated luminous  beam  was  directed  upon  it.  There  was  no 
precipitation.  On  the  contrary,  the  suspended  matter  in  the 
air  of  the  chimney  was  much  less  than  that  of  the  surrounding 
air.  Instead  of  a  white  mist,  we  had  the  blackness  due  to  the 
destruction  of  the  floating  matter  by  the  hvdroo;en-flamp. 

On  quenching  the  flame,  the  needle  returned  accurately  to 
zero. 

In  his  objections  Magnus,  for  the  most  part,  dealt  with  true 
causes;  but  he  erred  as  to  their  scope  of  action.  I  never 
denied  the  existence  of  the  dangers  which  he  emphasized. 
The  hygroscopic  character  of  rock-salt,  for  example,  to  which 
he  recurred  so  often,  cannot  be  questioned.  It  has  a  strong 
attraction  for  moisture,  especially  when  cold.  On  this  point 
my  experience  has  been  large;  and  I  applied  it  in  the  execution 
of  my  experiments.  These,  as  I  have  so  frequently  stated, 
were  conducted  with  plates  of  salt  as  dry  as  polished  glass  or 
rock-crystal.  Thus,  while  conceding  the  fact  that  rock-salt  is 
hygroscopic,  I  demur  to  its  application. 

A  similar  remark  applies  to  the  last  solution  offered  by 
Magnus  of  the  differences  between  us.  In  1867  he  showed 
that  vapours  were  condensed  by  surface-attraction  to  a  greater 
extent  than  had  previously  been  supposed.  Blowing  vapour- 
laden  air  into  a  metal  tube,  he  found  that  heat  was  generated. 
He  inferred,  and  rightl}'  inferred,  that  this  heat  was  produced 
by  the  condensation  which  occurred  on  the  interior  surface. 
This  condensation  he  found  to  depend  on  the  condition  of  the 
surface,  being  greater  when  it  was  tarnished  or  coated  than 
when  it  was  polished.  He  saturated  air  with  moisture  at  a 
temperature  of  16°  C,  and  then  raised  both  it  and  his  pile  to 
a  temperature  of  38°.  AVhen  such  air  was  blown  against  the 
dry  face  of  the  pile,  heat  was  generated.  Condensation  there- 
fore occurred  upon  a  surface  22°  C.  higher  than  the  dew-point 
of  the  vapour.  Against  this  I  have  nothing  to  urge.  But 
the  ftict  by  no  means  justifies  the  inference  drawn  from  it 
which  was,  that  the  -vapours  in  my  experimental  tube  were 
converted  by  "  vapour-hesion "  into  liquid  layers  of  high 
opacity  to  radiant  heat;  these  layers,  acting  upon  the  calo- 
rific rays  impinging  on  the  interior  surface  of  my  tube,  pro- 
duced the  absorption  which  I  had  erroneously  ascribed  to  the 
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vapours.  More  than  this,  the  liquid  layers  were  supposed  to 
be  broken  up  into  discontinuous  patches,  which  not  only  ab- 
sorbed the  heat  but  scattered  it.  "  Yapour-hesion,"  it  may 
be  added,  was  found  to  vary  with  the  liquid  which  produced 
the  vapour,  being  particularly  strong  in  the  case  of  alcohol. 

Mao-nus  brought  this  generalization  to  the  test  of  experi- 
ment, but  failed  to  verify  it.  He  urged  humid  air  against  a 
dry  mirror,  from  which  radiant  heat  was  reflected;  but  unless 
he"  wetted  the  mirror  visibly,  no  effect  was  pi-oduced  on  the 
reflected  beam.  Still  he  held  that  reflection,  oft  repeated, 
rendered  sensible  an  action  which  eluded  a  single  reflection. 
Mv  position  here  is  clear.  I  do  not  doubt  surface  attraction, 
or"^deny  the  existence  of  impalpable  films.  Xo  experiment 
was  ever  made  on  the  reflection  of  light  or  radiant  heat  in 
which  such  films  did  not  intervene;  but  they  had  as  little  effect 
upon  my  results  as  they  had  upon  those  of  De  la  Provostaye 
and  Desains*,  and  of  other  refined  experimenters.  As  early 
as  1859  I  was  made  aware  of  the  danger  which  might  arise 
from  condensation.  Warned  by  the  action  of  chlorine  on  my 
brass  experimental  tube,  I  coated  it  inside  with  lampblack, 
and  retested  with  it  all  my  vapours.  The  result  removed  from 
my  mind  the  suspicion  that  surface  condensation  had  any 
th'ino-  to  do  with  the  observed  absorption.  Many  similar  ex- 
periments with  blackened  tubes  were  subsequently  made  by 
me,  for  mv  own  safety  and  instruction.  There  was  no  sub- 
stantial difference  between  the  results  obtained  with  such 
tubes  and  those  obtained  with  polished  tubes  in  which  internal 
reflection  came  into  play. 

Such  are  the  general  features  and  phases  of  a  discussion 
which,  though  dealing  only  with  a  small  item  of  my  work, 
has  consumed  a  considerable  amount  of  time.  Other  able 
experimenters  have  entered  this  field,  the  latest  of  whom, 
MM.  Lecher  and  Pernter,  have  published  a  long  and  learned 
memoir  in  Wiedemann's  J^???2a?f?7,  which  has  been  translated 
in  the  Philosophical  Magazine  for  January  1881.  My  expe- 
riments with  gases  they  corroborate,  but  not  those  with 
-vapours.  Eegarding  the  action  of  aqueous  vapour  they  are 
especially  emphatic,  their  conclusion  being  "that  moist  air 
does  not  perceptibly  absorb  the  heat-rays  from  a  source  of 
100°  C."     In  fact,  they  found  moist  air  a  little  more  trans})a- 

*  CoBsideriug  the  enersry  of  water  as  a  radiator,  exceeding,  according 
to  Leslie,  tliat  of  lampblack  itself,  the  film  of  this  liquid  which  mus't 
have  covered  the  plates  of  silver  in  the  experinicuts  of  the  two  Freiicli 
philosophers  ought,  if  Magnus  be  correct,  to  have  sensibly  raised  tlie 
emission.  Calling  the  emission  from  lampblack  100,  that  from  polished 
silver  plus  the  film  was  only  2'1. 
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rent  than  a  vacuum.  "  No  imaginable  source  of  error,"  thev 
affirm,  "  has  here  been  left  out  of  account."  The  arrangement 
for  filling  with  moist  air  was  varied,  the  air  allowed  to  stand 
for  a  long  time  over  the  water  in  the  gas-holder,  and  this  moist 
air  then  passed  through  several  wash-bottles  into  the  experi- 
mental space,  but  with  the  same  negative  result.  In  common 
with  Magnus,  MM.  Lecher  and  Pernter  ascribe  my  results  to 
the  condensation  of  liquid  films  on  the  rock-salt  plates,  and  on 
the  polished  inner  surface  of  mj  tube*. 

§  4.  Experiments  resumed :    Verifications. 

With  a  view  to  my  own  instruction  and  to  the  removal  of 
uncertainty  from  other  minds,  these  researches  on  radiant 
heat  were  resumed  in  November  1880.  A  brass  experimental 
tube  4  feet  long,  2|  inches  in  diameter,  and  polished  within, 
was  first  employedf.  Interposed  between  it  and  the  source 
was  a  "  front  chamber,"  through  which,  when  exhausted,  the 
rays  passed  into  the  experimental  tube.  A  plate  of  transpa- 
rent rock-salt  separated  the  tube  from  the  chamber,  m  bile  a 
second  plate  of  salt  closed  the  distant  end  of  the  experimental 
tube.  The  source  of  heat  was  at  first  a  Leslie's  cube  contain- 
ing water  at  100°  C,  to  one  of  the  faces  of  which  the  end  of 
the  front  chamber  was  carefully  soldered.  The  chamber  also 
passed  air-tight  through  a  co])per  cell  in  which  a  continuous 
circulation  of  cold  water  was  kept  up.  The  heat  which  might 
otherwise  have  reached  the  experimental  tube  by  conduction 
from  the  source  was  thus  cut  off.  One  face  of  a  thermopile, 
provided  with  a  reflecting  cone,  received  the  rays  which  passed 
through  the  experimental  tube.  The  other  face,  also  provided 
with  a  cone,  received  the  rays  from  a  "  compensating  cube," 
used,  as  formerly,  to  neutralize  the  radiation  from  the  source, 
and  to  bring  the  needle  of  the  galvanometer  to  zero  when  the 
experimental  tube  was  exhausted.     On  the  entrance,  then,  of 

*  However  I  may  otherwise  differ  from  MM.  Lecher  and  Pernter, 
I  agree  with  their  opening  remark,  that  few  other  questions  of  experi- 
mental physics  present  diiBcidties  so  great  as  the  one  here  under  consi- 
deration. Nor  do  I  see  reason  to  ditFer  from  their  closing  words,  that  "  the 
extraordinary  difficulty  of  investigations  of  this  sort  would  be  richly  repaid 
by  the  attainment  of  quantitative  results ;  whilst  the  corresponding  optical 
investigations  (immeasurably  easier)  will  always  remain  more  of  a  quali- 
tative nature."  It  is  the  difficidty  here  signalized  that  has  caused  so 
many  distinguished  investigators  to  go  astray  in  this  field  of  inquiry.  I 
may  state  here  that  on  the  receipt  of  tlieir  paper  I  wrote  to  MM.  Lecher 
and  Pemter,  but  my  communication  was  returned  from  Vienna  through 
the  dead-letter  office. 

t  The  plate  answering  to  this  description  wiU  be  found  in  the  Philoso- 
phical Transactions  for  18G1. 
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any  absorbent  gas  or  vapour  the  equilibrium  was  destroyed, 
the  needle  moved  from  zero;  and  from  the  observed  permanent 
deflection  the  absorption  was  calculated.  Other  qualities  of 
heat,  and  other  experimental  tubes  than  that  here  described, 
were  afterwards  introduced  into  the  inquir}'. 

I  here  give  the  measurements  executed  in  1880  with  the 
vapours  of  nine  ditferent  liquids,  in  experimental  tubes  of  the 
dimensions  above  given. 

Table  I. 

Vapours.  Liquids. 

,. ; ■■- . 

Leslie's      Leslie's         Red-hot 
Pressures.       cube,  cube  spiral, 

vacuum.        free. 

Bisulphide  of  carbon  .  '48  in.  mer.    4*4  5'0  7*6 

Chloroform  ....  -36  „  12-8  12-9  28*8 

Benzol -32  „  14-8  15-0  44-5 

Iodide  of  ethvl       .     .-3(5  „  18'4  19-3  47-0 

Iodide  of  methvl    .     .-46  .,  2.5-0  2Q-2  59-0    . 

Amvlene       .    '.     .     .  -213  ,,  26-1  27-2  Go'O 

Sulphuric  ether      .     .  -28  „  35*0  35-6  71-0 

Acetic  ether       .     .     .  -29  „  43-3  43*7  77*5 

Formic  ether     .     .     .  '36  „  43-3  44-0  78-0 

The  "  pressures  ^'  in  this  table  are  chosen  with  a  view  to  the 
comparison  of  liquids  and  vapours.  They  express  quantities 
of  vapour  which  are  proportional  to  the  quantities  of  matter 
in  the  respective  liquids  at  a  common  thickness.  The  two 
next  columns  contain  the  absorptions  per  100  of  the  heat  from 
two  Leslie's  cubes,  the  one  with  a  vacuum  in  front  of  it,  the 
other  placed  in  free  air  and  well  protected  from  air-currents. 
The  close  agreement  of  the  two  colunms  proves  the  "  front 
chamber  "  to  be  a  superfluity.  It  also  illustrates  the  coinci- 
dence to  be  attained  in  these  measurements  when  they  are 
carefully  made.  In  the  last  column  I  have  placed  the  absorp- 
tions exerted  by  liquid  layers  of  the  respective  substances  at  a 
common  thickness  of  one  millimetre.  The  source  of  heat  here 
was  an  incandescent  platinum  spiral.  The  order  of  absorption 
of  liquids  and  vapours  is  the  same. 

This  order  is,  as  might  be  expected,  undisturbed  when  we 
apply  heat  of  the  same  quality  to  liquids  and  vapours  respec- 
tively.    This  is  shown  by  the  following  table: — 
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Table  II. 


Polished  tube. 

A 

Blackened  tube 

Spiral 

Spiral 

Spiral 

dull. 

briglil. 

dull. 

0 

3-0 

o 

2-4 

o 

3-0 

7-0 

4-6 

5-0 

9-4 

7-5 

10-0 

13-(3 

8-6 

12-3 

15-() 

10-7 

13-8 

20-6 

14-3 

17-5 

27-0 

21-0 

23-8 

33-0 

23-0 

29-0 

33-0 

23-0 

30-0 

Bisulphide  of  carbon 
Chloroform 

Benzol 

Iodide  of  ethyl 

Iodide  of  methyl  . 

Amylene      .'....  20-6 

Sulphuric  ether     . 

Acetic  ether 

Formic  ether    .     .     . 

The  vapour-pressures  here  are  the  same  as  those  employed 
in  Table  I.  The  order  of  absorption  is  the  same  in  both  tables; 
but  its  amount  is  diminished.  This  was  to  be  expected,  from 
the  difference  in  the  quality  of  the  lieat.  We  are  dealing  -with 
transparent  A'apours — in  other  words,  vapours  ])ervious  to  the 
luminous  rays;  and  the  greater  the  proportion  of  these  rays  in 
the  calorific  beam,  the  less  will  be  the  absorption.  This  is 
well  illustrated  by  the  second  column  in  the  table,  which  shows 
the  fall  of  the  absorption  when  the  spiral  is  raised  from  a  dull 
red  to  almost  a  white  heat.  The  polished  tube  was  used  in 
both  these  cases. 

The  third  column  of  figures  in  Table  II.  shows  the  results 
obtained  when  the  experimental  tube  was  coated  within  with 
lampblack.  The  absorptions  are  in  the  same  order,  and  almost 
of  the  same  amoimt  as  those  of  the  iirst  colunm.  The  case  is 
I'epresentative,  and  might  be  multiplied  to  any  extent.  It  is 
incompatible  with  the  notion  that  my  results  were  due  to  films 
collected  on  the  polished  interior  surface  of  my  experimental 
ttibe. 

Placing  the  substances  recently  experimented  on  in  the 
order  of  their  absorption,  and  also  in  the  order  which  they 
exhibited  in  1864,  we  have  the  following  two  columns: — 

1880.  1864. 

Bisulphide  of  carbon.  |  Bisulphide  of  carbon. 

Chloroform.  j  Chloroform. 

Benzol.  Iodide  of  methyl. 

Iodide  of  ethyl.  ,  Iodide  of  ethyl. 

Iodide  of  methyl.  I  Benzol. 

Amy  1  ene .  Amylene . 

Sulphuric  ether.  Sulphuric  ether. 

Acetic  ether.  Acetic  ether. 

Formic  ether.  Formic  ether. 
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In  18G4,  therefore,  the  iodide  of  methyl  proved  itself  more 
diathermanous  than  the  iodide  of  ethyl^  while  both  of  them 
were  more  diathermanous  than  benzol.  In  1880  the  case  was 
precisely  the  reverse.  Suspecting  that  the  discrepancy  might 
be  due  to  impurity,  I  requested  my  friend  Professor  Dewar  to 
subject  the  liquids  to  a  further  process  of  purification.  Tested 
afterwards,  they  produced  the  following  deflections: — 

A.  B.  C. 

Bisulphide  of  carbon 

Chloroform 

Iodide  of  methyl  .     . 

Iodide  of  ethvl 

Amylene      .'   .     .     .     •     42'() 

Sulphuric  ether 

Acetic  ether 

Formic  ether    . 

Under  A  and  B  respectively  are  the  deflections  produced 
by  the  liquids  lU'ior  to  and  after  purification.  The  iodide  of 
methyl  falls  from  o9°'4  to  33°,  ^^■hile  the  iodide  of  ethyl  rises 
from'  33°  to  35°.  The  relative  positions  occupied  by  the 
liquids  in  1864  are  thus  restored.  Benzol,  however,  remained 
permanently  lower  than  before.  Under  C  are  the  deflections 
produced  by  the  vapours  of  the  jiurified  liquids.  Here  also 
the  positions  of  the  two  iodides  are  reversed,  vaporous  absorp- 
tion following  the  order  of  liquid  absorption.  I  have  fre- 
quently encountered  cases  of  this  character.  The  simultaneous 
change  of  diathermic  position  of  li(juid  and  vapour  indicates 
that  the  foreign  ingredient,  whatever  it  was,  possessed  approxi- 
mately the  same  volatility  as  the  substance  which  it  -sitiated. 

[To  be  continued.] 


5-0 

5-0 

4-0 

17-0 

15-0 

6-0 

39-4 

33-0 

8-0 

33-0 

35-() 

12-5 

42'() 

41-0 

16-0 

44-3 

43-5 

18-2 

46-2 

45-5 

22-0 

47-5 

46-9 

22-2 

LIX.  Notices  respecting  New  Books. 

Rani's  Critique  of  Pure  Reason :  translated  into  English  hy  F.  Max 

MtTLLEE.  2  vols,  Loudon :  Macmillan  and  Co. 
''pil  IS  trauslatiou  of  Kant's  great  work  appears  in  commemoration 
-'-  of  the  Centenary  of  its  first  publication.  In  the  sccoJid  volnme 
we  lia\e  the  work  proper,  namely,  a  translation  of  the  first  edition  ; 
and  in  the  first  vohune  we  lia^e  a  preface  by  tlie  translator,  an 
Historical  Introduction  by  Prof.  Xoirc,  and  a  translation  of  the 
supplements  which  were  added  by  Kant  to  the  second  edition. 

In  his  preface  the  eminent  translator  .states  \\\\\  lie  thouglit  he 
iiiiglit  traiisj'ale  Kanfs  Critique,  why  he  thought  lie  ought  to  do  it, 
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why  a  study  of  the  work  in  (juestioa  seemed  necessary  at  present, 
what  he  considers  the  relation  of  Kant's  Metaphysic  to  Physical 
Science,  and  in  what  manner  Kant's  Philosophy  has  been  judged 
by  History.     As  regards  tlie  first  point,  it  may  well  be  aslved  where 
could  a  philosopher  more  happily  fitted  for  the  task  be  found ;  and 
as  regards  the  second,  it  is  most  interesting  to  learn  the  extent  to 
which  the  Professor's  own  life-work  has  been  iufiueuced  by  the 
Critique.     As  regards    the  fourth    point,   the  translator  says : — 
"  Metaphysical  truth  is  wider  than  physical  truth ;  and  the  new 
discoveries  of  ])hysieal  observers,    if   they  are  to   be   more  than 
merely  contingent  trutlis,    must  find  their   appointed  place   and 
natural  refuge  within  the  immovable  limits  traced  by  the  meta- 
])hysician.      It   was   an  unfortunate   accident  that  gave  to  what 
ought  to  liave  l)een  called  pro-physical,  the  name  of  metaphysical 
science  :  for  it  is  only  after  having  mastered  the  pi'inciples  of  meta- 
physic that  the  student  of  nature  can  begin  his  work  in  the  right 
spirit,  Ivuowing  the  horizon   of  human  knowledge,  and  guided  by 
principles  as  unchangeable  as  the  pole  star  '"  ( p.  xxxii ).     Prof.  Max 
Midler,  notwithstanding  his  great  authority,  will  get  few  natural 
philosophers  to  agree  witli  what  he  hei'e   lays   down.     On  more 
than  one  occasion  that  which  the  metaphysician  has  pronounced  to 
be  impossible  has  beeu  that  which  the  physicist  has  accomplished. 
For  instance,  as   was   pointed  out  by   Sir  John  Lubbock   in  his 
Address  as  President  of  the  British  Association  (p.  29),  Comte 
laid  it  down  as  an  axiom  regarding  the  heavenly  bodies,  that  "  Nous 
concevons  la  possibilite  de  determiner  leurs  formes,  leurs  distances, 
leurs  grandeurs  et  leurs  mou\'ements,  tandis  que  nous  ne  saurions 
jamais  ctudier  ])ar  aueuu  mo^en   leur  composition    chimique  on 
leur  structure  mineralogique."'     That  was  in  1842 ;  and  now,  in 
1882,  thei'e  exists  an  elaborate  science  of  Solar  and  Stellar  Physics 
due  to  the  method  of  Spectrum  Analysis.     Just  above  the  place 
quoted,  Pi-ofessor  Max  Midler  asks,  "  But  how  can  any  one  who 
weighs  liis  words  say  that  the  modern  physiology  of  the  senses  has 
in  any  way  supplemented  or  improved  Kant's  theory  of  knowledge? 
As  \^"ell  might  we  say  that  Spectrum  Analysis  has  improved  our 
logic.*'      It  is  evident  that  Spectrum  Analysis  ^^■0ldd  have  been 
capable  of  improving  Comte's  logic.     If  it  be  objected  that  Comte 
was  not  a  true  but  a  false  metaphysician,  we  quote  in  reply  what 
Professor  Max  Miiller  states  at  p.  xxi:  — "  Even  Comte,  ignorant 
as  he  was  of  German  and  German  philosophy,  expressed  his  satis- 
faction and  pride  when  he  discovered  how  near  he  had,  though 
unconsciously,  approached  to  Kant's  philosophy."     The  majority 
of  scientists  will  probably  fail  to  see  any  misfortune  in  the  name 
//iciftphysical,  but,  on  the  contrary,  hold  that  a  theory  of  knowledge, 
to  be  of  any  value,  uuist  be  dictated  by  the  exact  and  natural 
sciences  ;  that  such  a  theory  may  dictate  back  to  the  sciences,  and 
they  may  re-dictate  to  it :  and  that  it  is  only  by  a  mutual  develop- 
ment of  this  kuid  that  either  can  be  made  to  approach  perfection. 
Professor   Noire,   in    his    Introduction,   traces   the   course   of 
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philosophv  through  aucieut  aud  modern  times,  endiug  with  Hume. 
He  concludes  with  the  following  estimate  of  Kant ;  aud  from  this 
estimate  one  may  infer  the  point  of  view  from  which  the  great 
thinkers  of  ancient  aud  modern  times  have  been  surveyed : — "  It 
is  therefore  not  too  much  to  say  that  Kant  is  the  greatest  philo- 
sophical genius  that  has  eAer  dwelt  upon  earth,  and  the  '  Critique 
of  Pui'e  Reason  "  the  highest  achievement  of  human  wisdom.'" 

In  this  notice  we  have  not  the  requisite  space  for  discussing  the 
Critique  itself ;  but  we  may  state  briefly  certain  fundamental  ob- 
jections which  may.  it  appears  to  us,  he  urged  against  it.  The 
following  extract  indicates  in  a  summary  manner  Kant's  funda- 
mental position.  "  Even  if  we  remove  from  expei'ieuce  every- 
thino-  that  belongs  to  the  senses,  there  remain  nevertheless  certain 
original  concepts,  aud  certain  judgments  derived  from  them,  which 
must  have  had  their  origin  entirely  a  ^^riori,  and  independent  of 
all  experience,  because  it  is  owing  to  them  that  we  are  able,  or 
imagine  we  are  able,  to  predicate  luore  of  the  objects  of  our  senses 
than  can  be  learnt  from  mere  experience,  and  that  our  propositions 
contain  real  generality  and  strict  necessity,  such  as  mere  empirical 
knowledge  can  never  supply  "  (p.  2).  His  object  is  to  make  a  com- 
plete inventory  of  this  «jj/-<'o/7"  knowledge.  "  Whatever  the  under- 
standing possesses,  as  it  has  not  to  be  looked  for  without,  can 
hardly  escape  our  notice,  nor  is  there  any  reason  to  suppose  that 
it  will  prove  too  extensive  for  a  complete  inventory  ""  (p.  11).  "  It 
is  true  that  our  Critique  must  produce  a  complete  list  of  all  the 
fundamental  concepts  which  constitute  pure  knowledge  "  (p.  12). 
The  inventory  of  the  elements  of  transcendental  jesthetie  consists 
of  two — namely,  space  and  time  ;  motion  is  rejected  on  the  ground 
that  it  presupposes  something  empii'ical — the  perception  of  some- 
thing: movino;.  But  if  we  turn  to  Modern  Science,  which  for  the 
present  purpose  means  Thomson  and  TaWs  Treatise  on  Natural 
Philosophtj,  we  find  that  there  is  a  branch  of  Pure  Mathematics, 
called  Kinematics,  which  treats  of  the  circumstances  of  mere 
motion  considered  without  reference  to  the  bodies  moved.  Its 
fundamental  ideas  are  A'^elocity  and  Acceleration,  neither  of  which 
invoh'es  the  conception  of  Mass.  If  Space  and  Time  only  are 
d  priori,  how  is  it  that  Space,  Time,  aud  3Iass  are  treated  of  by 
waiters  on  Dynamics  as  the  three  fundamental  ideas  ? 

Kant  was  a  mathematician  ;  otherwise  the  Critique  would  not 
have  been  written.  The  influence  of  liis  study  of  the  Mathematics 
is  apparent  everywhere.  He  view  s  tliat  science  as  so  much  a  priori 
knowledge.  "'How  far  we  can  advance  independently  of  all  ex- 
perience in  a  pnori  knowledge  is  shown  by  the  brilliant  example  of 
Mathematics ""  (p.  4).  "  In  the  same  mannner  all  geometrical 
principles,  (.rj.  that  in  every  triangle  two  sides  together  are  greater 
than  the  third,  are  never  to  be  derived  from  the  general  concepts  of 
side  and  triangle,  but  from  an  intuition,  and  that  d  priori,  with 
apodictic  certainty  "  (p.  22).  That  geometrical  principles  cannot 
be  evolved  out  of  mere  definitions  would  not  require  to  be  denied. 


Notices  respecting  New  Books.  465 

bad  it  not  actually  been  bekl  by  some  pbilosopherci.  Mathe- 
maticians will  also  agree  with  Xant  iu  the  stress  which  he  lays 
upon  (he  construction.  But  there  is  one  point  which  it  seems  to 
us  has  not  been  dwelt  upon  sufficiently.  Let  us  take  Euclid,  i.  16. 
If  we  examine  the  proof,  we  shall  find  that  it  turns  upon  the 
assertion  that  the  angle  ACP  is  less  than  the  angle  ACD.  Now 
this  may  be  easily  asserted  for  a  particular  triangle ;  but  before  we 
can  assert  it  for  any  triangle,  we  have  to  investigate  the  matter 
and  glance  over  all  the  possible  cases.  If  this  be  intuition,  then 
it  is  hard  to  distinguish  intuition  from  the  process  of  generalization 
which  the  mind  goes  through  in  forming  general  judgments  which 
Kant  would  characterize  as  empirical,  such  as  that  contained  in  the 
last  clause  of  the  following  sentence  : — "  AVe  know  nothing  but 
our  manner  of  perceiving  them,  that  manner  being  peculiar  to  us, 
and  not  necessarily  shared  in  by  eA'ery  being,  ihowjh,  no  doxiht,  hy 
evevji  Jiuman  being''''  (p.  87). 

Since  Kant's  day  the  domain  of  Mathematics  has  been  greatly 
extended,  and  subjects  formerly  treated  in  a  manner  which  was 
truly  empirical  are  now  treated  iu  a  manner  which  is  exact. 
That  domain  includes  even  his  own  science  of  Logic.  If,  then, 
that  vast  body  of  kuo\\iedge  is  to  be  put  down  as  a  itriori,  by 
a  priori  can  be  meant  nothing  else  than  exact.  If  the  Modern 
Logic,  as  developed  and  expounded  by  De  Morgan,  Boole,  Harley, 
Jevons,  Macfarlane,  and  Venn  iu  this  country,  by  Halsted  and 
Pierce  in  America,  and  by  Schriider  in  Germany,  be  sound  science, 
then  Kant's  '  Critique '  must  contain  considerable  imperfections  ;  for 
it  proceeds  on  the  assumption  that  the  scholastic  logic  was  perfect. 
"  I  mean  only  to  treat  of  reason  and  its  pure  thinking,  a  knowledge 
of  which  is  not  very  far  to  seek,  considering  that  it  is  to  be  found 
within  myself.  Common  logic  gives  an  instance  how  all  the  simple 
acts  of  reason  can  be  enumerated  completely  and  systematically'' 
(p.  xxiv).  "  That  Logic,  from  the  earliest  times,  has  followed  that 
secure  method  may  be  seen  from  the  fact  that  since  Aristotle  it 
has  not  had  to  retrace  a  single  step,  imless  we  choose  to  consider 
as  improvements  the  removal  of  some  unnecessary  subtleties,  or  the 
clearer  definition  of  its  matter,  both  of  which  refer  to  the 
elegance  rather  than  to  the  solidity  of  the  science.  It  is  remark- 
able also,  that  to  the  present  day  it  has  not  been  able  to 
make  one  step  in  advance,  so  that,  to  all  appearance,  it  may  be 
considered  as  completed  and  perfect ''  (Sup.,  p.  364).  Whence 
are  the  Pure  Concepts  of  the  Understanding  (the  Categories) 
obtained  ?  From  a  classification  of  judgments  '•  differing  in  some, 
though  not  very  essential,  points  from  the  usual  techuicalites  of 
logicians."  The  classification  according  to  Quantity  is  L^niversal, 
Particular,  Singular.  It  may  be  asked,  What  of  doubly  universal 
judgments,  such  as,  for  example,  Kpjj-es  cu\  i^euffmi  ?  It  may  be 
pointed  out  that  we  may  have  judgments  universal  with  respect  to 
both  Space  and  Time,  or  with  respect  to  Space  only,  or  Avith 
respect  to  Time  only,  or  with  respect  to  neither.     But  the  proper 
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objeetiou  is,  that  the  uumber  of  logical  fovms  frequently  occurriug 
iu  judgments  is  by  no  means  so  small  as  stated  by  the  old  logicians. 
They  have  no  proper  place  for  the  equations  of  Algebra,  or  for 
stateoieuts  about  Eelatiouships.  In  what  intelligible  sense  can 
7  +  5  =  12  be  called  a  singular  judgment  ?  (p.  145).  The  list  of  the 
categories,  being  derived  from  an  imperfect  list  of  logical  forms, 
cannot  be  perfect.  It  may  be  described,  to  use  one  of  Kaufs  own 
phrases,  as  the  result  of  a  search  after  pure  concepts  undertaken 
haphazard,  the  completeness  of  whicli,  as  based  on  induction  only, 
can  ne^er  be  guaranteed. 

Lessons  on  Form.     Bij  E.   P.  Weight,  Teacher  of  JlatJiematics, 
Universitii    College   School,   London.     8vo,  pp.  103.     Longmans 

and  Co. :'  1882. ' 
This  short  treatise  aims  at  teaching  the  llrst  elements  of  Geo- 
metry in  an  informal  manner,  as  compared  with  the  martin etism  of 
Euclid,  after  the  method  of  Pestalozzi.  Commencing  with  the 
forms  of  the  principal  regular  solids,  it  passes  to  the  analysis  of 
the  relations  among  straight  lines  intersecting  one  another,  and  of 
the  angles  which  they  thus  make,  whether  two  are  parallels  cut  by 
a  secant  or  whether  no  two  are  parallel.  In  the  tliree  chapters 
treating  of  these  matters  formal  proofs  are  sparingly  introduced, 
the  treatment  being  rather  descriptive  than  demonstrative.  Chap- 
ter 4  is  a  short  initiation  into  the  study  of  the  triangle :  the  con- 
ception of  similar  triangles,  ha\ing  commensurable  sides,  being 
early  introduced.  The  subject  of  the  varieties  of  the  Quadrilateral 
and  the  method  of  measming  areas  occupy  the  remaining  two  chap- 
ters of  the  rirst  Part. 

Part  II.  treats  of  the  metrical  properties  of  triangles,  as  depend- 
ing on  Pythagoras's  Principle,  of  which  several  proofs  are  given. 
The  consideration  of  regtilar  Polygons  and  of  the  Circle,  as  their 
limit,  closes  the  treatise. 

From  this  brief  analysis  of  the  scheme  and  contents  of  the  book, 
it  will  be  seen  that  pupils  who  have  been  guided  to  master  it  in- 
telligently w'lW  ha\"e  acquired  a  considerable  amount  of  Geometrical 
knowledge  :  and  this,  as  it  is  hoped,  with,  little  or  no  dritdgery. 
The  skilful  teacher  will  know  how  to  select  those  parts  particularly 
which  seem  most  suited  to  the  degrees  of  development  and  ap- 
titudes of  the  learners.  That  he  will  find  the  book  most  helpful 
and  suggestive  in  a  mode  of  instruction  out  of  the  usual  routine 
path  will  be  evident.  This  smaller  \\ork  may  be  regarded  as  intro- 
ductory to  3Ir.  AVright's  larger  and  more  formal  '  Elements  of 
Plane  Geometry ',  now  in  its  fourth  edition,  a  fact  which  stamps 
it  as  a  standard"  treatise. 
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ON  THE  LIQUEFACTION  OF  OZONE. 
BY  P.  HAUTEFEUILLE  AND  J.  CHAPPUIS. 

1\  I  CAILLETET  having  placed  at  our  disposal  the  apparatus 
^-^  •  he  has  set  up  at  the  Ecole  Xormale  for  the  liquefaction  of 
etM'lene,  as  well  as  the  whole  arrangement  which  he  employs 
in  order  to  study  the  changes  of  state  of  what  are  called  the  per- 
manent gases,  we  haA'e  been  able  to  complete  our  first  experiments 
upon  the  liquefaction  of  ozone. 

The  study  of  the  conditions  under  which  a  sudden  expansion 
determines  the  formation  of  a  mist  in  a  mixture  of  oxygen  and 
ozone  has  permitted  us  to  establish  that  pure  ozone  is  less  easily 
liquefied  tlian  carbonic  acid ;  the  addition  of  carbonic  acid  to  that 
mixture  furnishes  by  compression  a  liquid  of  a  pale  blue  colour, 
which  coloration  we  attributed  to  ozone  liquefied  at  the  same  time 
as  the  carbonic  acid.  From  all  these  facts  we  concluded  that  it  w  as 
possible  to  obtain  ozone  in  a  liquid  form,  and  that  that  liquid  would 
be  strongly  coloured. 

Those  deductions  ha^e  just  been  fully  confirmed  by  experiment ; 
for  we  hav(^  obtained  ozone  in  liquid  drops  of  a  deej)  indigo-blue 
colour.  This  liquid  has  been  preserved  nearly  thirty  minutes  under 
a  pressiu'e  of  lo  atmosphei'es ;  its  vaporization  is  not  very  rapid, 
even  under  the  atmospheric  pressure. 

The  liquefaction  was  attained  by  compressing  with  about  125 
atmospheres  a  mixture  of  oxygen  and  ozone  contained  in  the  test- 
tube  of  31.  Cailletet's  apparatus,  which  is  terminated  by  a  capillary 
tube  recurved  at  its  upper  portion,  permitting  the  descending 
branch  to  be  immersed  in  a  jet  of  liquid  ethylene,  lowering  its  tem- 
perature probably  below  — 1U0°.  When  the  gas  operated  on  con- 
tains not  more  than  10  per  cent,  by  weight  of  ozone,  the  gas 
compressed  with  125  atmospheres  is  not  perceptibly  coloured  in 
the  ascending  branch,  while  the  blue  coloration  is  vei'y  distinct  in 
all  the  refrigerated  portion  of  the  ca])illary  tube. 

Does  this  coloration  depend  on  the  presence  of  a  mixed  liquid 
formed  of  ozone  and  oxygen,  or  on  that  of  a  thin  film  of  liquid 
ozone  lining  the  interior  of  the  capillary  tube  ?  The  absence  of  a 
distinct  meniscus  leaves  this  question  undecided  ;  but,  in  favour  of 
the  first  of  these  hypotheses,  we  have  noticed  that  the  coloration 
was  not  more  intense  in  the  lower  than  in  the  upper  part  of  the 
refrigerated  tube,  and  that  a  sudden  expansion  does  not  determine 
the  formation  of  a  mist,  which  so  well  indicates,  in  M.  Cailletet's 
experiments,  the  passage  from  the  gaseous  to  the  liquid  state. 

The  tube  becomes  instantaneously  coloiu-less  in  consequence  of 
the  expansion,  and  contains  in  the  thiu  part  which  terminates  it  a 
liquid  drop  of  a  deep  indigo-blue ;  the  ozone  contained  in  the  mix- 
ture is  almost  all  condensed  in  the  sloping  part ;  for  a  fresh  com- 
pression with  1 25  atjuospheres  does  no\  communicate  to  the  tube 
any  appreciable  coloration. 
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Once  the  ozone  is  liquefied  in  the  capillary  tube,  it  remains  in 
that  state  long  enough,  even  under  the  pressure  of  the  atmosphere, 
for  it  to  be  examined  either  through  the  liquid  ethylene  or  the 
refrigerated  tube  beiug  withdrawn  for  a  moment  from  that  liquid. 
The  deep-blue  liquid  gradually  diminishes  in  volume :  the  vapori- 
zation of  the  ozone  is  sufficiently  &\o\\,  its  diiJusiou  sufficiently  rapid, 
for  the  gas  to  appear  colourless  above  the  nearly  black  liquid ;  it  is 
only  at  the  moment  when  the  last  ti'aces  of  the  liquid  disappear  that 
one  ascertains  the  production  of  an  azure-blue  gas.  The  vaporiza- 
tion of  the  liquid  ozone  would  bring  back  the  system  to  its  initial 
state,  if  the  ozone  were  not  slowly  decomposed  by  the  mercury 
employed  to  compress  the  gases. —  Comjites  Rendm  de  V Academic 
des  Sciences,  May  1,  1882,  pp.  1249-12.51. 


ox  THE  ACTION  OF  TELEPHONIC  CUERENTS  UPON  THE 
GALVANOMETEE.       BY  M.  DE  CHAKDONNET. 

If,  ij.  the  telegraphic  circuit,  the  receiver  be  replaced  by  a  very 
sensitive  galvanometer,  and  the  transmitter  be  influenced  by  means 
of  a  diapason,  an  organ-pipe,  or  the  voice,  no  deflection  is  observed 
as  long  as  the  sound  keeps  the  same  intensity ;  but  as  soon  as  the 
sonorosity  is  increased  or  diminished,  the  needle  is  deflected :  the 
direction  of  the  deflection  varies  according  to  whether  the  ampli- 
tude of  the  vibrations  of  the  sounding  body  is  increasing  or  de- 
creasing. The  effect  is  more  max'ked  when  the  transmitter  is 
shaken  by  a  noise  of  short  duration,  such  as  a  detonation,  or  by  a 
body  lightly  tapped  upon  the  Aibratiug  plate.  In  this  last  case  the 
D-alvanometer-needle  leaps  like  the  seconds-hand  of  a  clock.  The 
experiment  also  succeeds  very  well  when  the  sounding  body  is 
briskly  moved  nearer  to  or  away  from  the  transmitter.  These 
deflections  appear,  of  course,  much  more  distinctly  when  a  micro- 
phone-transmitter, like  Ader's,  is  employed ;  but  they  are  Adsible 
with  every  kind  of  telephone. 

The  explanation  appears  very  simple,  at  least  for  the  whole  of 
the  facts  collectively: — 

As  long  as  the  oscillations  of  the  vibrating  plate  retain  the  same 
amplitude,  and  consequently  the  same  velocity,  the  currents  induced 
alternately  in  the  two  directions  at  each  complete  vibration  com- 
pensate each  other's  action  upon  the  galvanometer,  whether  they 
emanate  fi'om  an  electromagnet  or  a  microphone  ;  but  if  the  oscil- 
lations tend  towards  zero,  for  example,  each  odd  semioscillation 
has  more  amplitude  than  the  following  even  semioscillation,  and 
the  direct  and  the  inverse  induced  currents  no  longer  put  in  motion 
the  same  quantities  of  electricity.  The  residues,  of  the  same  sign 
at  each  complete  oscillation,  accumulate  so  as  to  deflect  the  needle  : 
and  the  more  ra])idly  the  sound  diminishes,  the  greater  is  the  de- 
flection. This  is  what  experiment  demonstrates. — Comptes  Bendiis 
de  VAcademie  da  Sciences,  3Iarch  27,  1882,  t.  xci\-.  p.  8,57. 
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LXI.  Pveibnhiary  Notice  of  the  Results  aeconipUshed  in  the 
Manufacture  and  Theory  of  Gratings  for  Optical  purposes. 
By  Prof.  H.  A.  Rowland,  of  the  Johns  Hopkins  University, 
Baltimore'* . 

IT  is  not  niauy  years  since  physicists  considered  that  a 
spectroscope  constructed  of  a  large  number  of  prisms 
was  the  best  and  only  instrument  for  viewing  the  spectrum 
where  great  power  was  required.  The.^e  instruments  were 
large  and  expensive,  so  that  few  physicists  could  possess  them. 
Professor  Young  was  the  first  to  discover  that  some  of  the 
gratings  of  Mr.  Riitherfurd  showed  more  than  any  prism-spec- 
trosco])e  Avhich  had  then  been  constructed.  But  all  the  gra- 
tings which  had  been  made  up  to  that  time  were  quite  small, 
say.  one  inch  square,  whereas  the  j^ower  of  a  grating  in  resol- 
ving the  lines  of  the  spectrum  increases  with  the  size.  Mr. 
Rutherfnrd  then  attempted  to  make  as  large  gratings  as  his 
machine  would  allow,  and  produced  some  which  were  nearly 
two  inches  square,  though  he  was  rarely  sticcessful  above  an 
inch  and  three  quarters,  having  about  thirty  thousand  lines. 
These  gratings  were  on  speculum-metal,  and  showed  more  of 
the  spectrum  than  had  ever  l)efore  been  seen,  and  have,  in 
the  hands  of  Young,  Rutherfurd,  Lockyer,  and  others,  done 
mttch  good  work  for  science.  Many  mechanics  in  this  cottntry 
and  in  France  and  Germany  have  sought  to  equal  Mr.  Ruther- 
furd^s  gratings,  but  without  success. 

Under  these  circumstances  I  have  taken  up  the  subject 
with  the  resottrces  at  command  in  the  physical  laboratory  of 
the  Johns  Hopkins  University. 

One  of  the  problems  to  be  solved  in  making  a  machine  Is 
to  make  a  perfect  scrcAv;  and  this  mechanics  of  all  countries 
have  sought  to  do  for  over  a  hundred  years,  and  have  failed. 
On  thinking  over  the  matter,  I  devised  a  plan  whose  details  1 

*  Couiiuumcated  by  the  Author. 
Phil.  Mag.  S.  5.  No.  84.  SuppL  Vol.  13.  2N 
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shall  soon  publish,  by  which  I  hoped  to  make  a  practically 
perfect  screw:  and  so  important  did  the  problem  seem,  that  I 
immediately  set  Mr.  Schneider,  the  instrument-maker  of  the 
imiTersity,  at  work  at  one.  The  operation  seemed  so  success- 
ful that  1  immediately  designed  the  remainder  of  the  machine, 
and  haye  now  had  the  pleasure  since  Christmas  of  trying  it. 
The  screw  is  practically  perfect,  not  by  accident,  but  because 
of  the  new  process  for  making  it;  and  I  have  not  yet  been 
able  to  detect  an  error  so  great  as  one  one-hundred-thousandth 
part  of  an  inch  at  any  part.  Xeither  has  it  any  appreciable 
periodic  error.  By  means  of  this  machine  I  have  been  able 
to  make  gratings  with  43,000  lines  to  the  inch,  and  have 
made  a  ruled  surface  with  160,000  lines  on  it,  having  about 
29,000  lines  to  the  inch.  The  capacity  of  the  machine  is  to 
rule  a  surface  65  x  4j  inches  with  any  required  number  of 
lines  to  the  inch,  the  number  only  being  limited  by  the  wear 
of  the  diamond.  The  machine  can  be  set  to  almost  any  num- 
ber of  lines  to  the  inch;  but  I  have  not  hitherto  attempted 
more  than  43,000  lines  to  the  inch.  It  ruled  so  perfectly  at 
this  figure  that  I  see  no  reason  to  doubt  that  at  least  two  or 
three  times  that  number  might  be  ruled  in  one  inch,  though 
it  would  be  useless  for  making  gratings. 

All  gratings  hitherto  made  have  been  ruled  on  flat  surfaces. 
Such  gratings  require  a  pair  of  telescopes  for  viewing  the 
spectrum.  These  telescopes  interfere  with  many  experiments, 
absorbing  the  extremities  of  the  spectrum  strongly  ;  besides, 
two  telescopes  of  sufhcient  size  to  use  with  six-inch  gratings 
would  be  very  expensive  and  clumsy  atfairs.  In  thinking 
over  what  would  happen  were  the  grating  ruled  on  a  surface 
not  flat,  I  thought  of  a  new  method  of  attacking  the  problem ; 
and  soon  found  that  if  the  lines  were  ruled  on  a  spherical  sui-- 
face,  the  spectrum  would  be  brought  to  a  focus  without  any 
telescope.  This  discovery  of  concave  gratings  is  important 
for  many  physical  investigations,  such  as  the  photographing 
of  the  spectrum  both  in  the  ultra-violet  and  the  ultra-red,  the 
determination  of  the  heating-effect  of  the  dift'erent  rays,  and 
the  determination  of  the  relative  wave-lengths  of  the  lines  of 
the  spectrum.  Furthermore  it  reduces  the  spectroscope  to 
its  simplest  proportions,  so  that  spectroscopes  of  the  highest 
power  may  be  made  at  a  cost  which  can  place  them  in  the 
hands  of  all  observers.  With  one  of  my  new^  concave  gratings 
I  have  been  able  to  detect  double  lines  in  the  spectrum  which 
were  never  before  seen. 

The  laws  of  the  concave  grating  are  very  Ijeautiful  on 
account  of  their  simplicity,  especially  in  the  case  where  it 
will  be  used  most.     Draw  tlie  radius  of  curvaturo  of  the  mirror 
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to  the  centre  of  the  mirror,  and  from  its  central  point,  with  a 
radius  equal  to  half  the  radius  of  cui'vature  draw,  a  circle  ;  this 
circle  thus  passes  through  the  centre  of  curvature  of  the  mirror 
and  touches  the  mirror  at  its  centre.  Now,  if  the  source  of 
light  is  anywhere  in  this  circle,  the  image  of  this  source  and 
the  different  orders  of  the  spectra  are  all  brought  to  focus  on 
this  circle.  The  word  focus  is  hardly  applicable  to  the  case, 
however;  for  if  the  source  of  light  is  a  point,  the  light  is  not 
brought  to  a  single  point  on  the  circle,  but  is  drawn  out  into 
a  straight  line  with  its  length  parallel  to  the  axis  of  the  circle. 
As  the  object  is  to  see  lines  in  the  spectrum  only,  this  fact  is 
of  little  consequence  provided  the  slit  which  is  the  source  of 
light  is  parallel  to  the  axis  of  the  circle.  Indeed  it  adds  to 
the  beauty  of  the  spectra,  as  the  horizontal  lines  due  to  dust 
in  the  slit  are  never  present,  as  the  dust  has  a  different  focal 
length  from  the  lines  of  the  spectrum.  This  action  of  the 
concave  grating,  however,  somewhat  impairs  the  light,  espe- 
cially of  the  higher  orders;  but  the  introduction  of  a  cylindrical 
lens  greatly  obviates  this  inconvenience. 

The  beautiful  simplicity  of  the  fact  that  the  line  of  foci  of 
the  different  orders  of  the  spectra  arc  on  the  circle  described 
above,  leads  immediately  to  a  mechanical  contrivance  by  -which 
we  can  move  from  one  spectrum  to  the  next  and  yet  have  the 
apparatus  always  in  focus  ;  for  we  only  have  to  attach  the 
slit,  the  eye-piece,  and  the  grating  to  three  arms  of  equal 
length,  which  are  pivoted  together  at  their  other  ends,  and  the 
conditions  are  satisfied.  However  we  move  the  three  arms, 
the  spectra  are  always  in  focus.  The  most  interesting  case  of 
this  contrivance  is  when  the  bars  carrying  the  eye-piece  and 
grating  are  attached  end  to  end^  thus  forming  a  diameter  of  the 
circle,  with  the  eye-piece  at  the  centre  of  curvature  of  the 
mirror,  and  the  rod  carrying  the  slit  alone  movable.  In  this 
case  the  spectrum  as  viewed  by  the  eye-piece  is  normal;  and 
when  a  micrometer  is  used,  the  value  of  a  division  of  its  head 
in  wave-lengths  does  not  depend  on  the  position  of  the  slit, 
but  is  simply  proportional  to  the  order  of  the  spectrum,  so 
that  it  need  be  determined  once  only.  Furthermore,  if  the 
eye-piece  is  replaced  by  a  photographic  camera,  the  photogra- 
phic spectrum  is  a  normal  one.  The  mechanical  means  of 
keeping  the  focus  is  especially  important  when  investigating 
the  ultra-violet  and  ultra-red  portions  of  the  solar  spectrum. 

Another  important  property  of  the  concave  grating  is  that 
all  the  superimposed  spectra  are  in  exactly  the  same  focus. 
When  viewing  such  superimposed  spectra,  it  is  a  most  beautiful 
sight  to  see  the  lines  appear  coloured  on  a  nearly  white  ground. 
Bv  micrometric  mensurement  of  such  sujierimposed  spectra, 
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we  have  a  most  beautiful  method  of  determining  the  relative 
wave-lengths  of  the  difterent  portions  of  the  spectrtim.  Avhieh 
far  exceeds  in  accuracy  any  other  method  yet  devised.  In 
working  in  the  ultra-violet  or  ultra-red  portions  of  the 
spectrum,  we  can  also  foctts  on  the  stiperimposed  spectrum, 
and  so  get  the  focus  for  the  portion  experimented  on. 

The  fact  that  the  light  has  to  pass  through  no  glass  in  the 
concave  grating  makes  it  important  in  the  examination  of  the 
extremities  of  the  spectrum,  where  the  glass  might  al)sorb  very 
much. 

There  is  one  important  research  in  which  the  concave 
grating  in  its  present  form  does  not  seem  to  be  of  much  use; 
and  that  is  in  the  examination  of  the  solar  protuberances  ;  an 
instrument  can  only  be  used  for  this  purpose  in  which  the 
dust  in  the  slit  and  the  lines  of  the  spectrum  are  in  focus  at 
once.  It  might  be  possible  to  introduce  a  cylindrical  lens  in 
such  a  way  as  to  obviate  this  difficulty.  But  for  other  work 
on  the  sun  the  concave  grating  will  be  found  very  useful. 
But  its  principal  use  wiU  be  to  get  the  relative  wave-lengths 
of  the  lines  of  the  spectrum,  and  so  to  map  the  spectrum  ;  to 
divide  lines  of  the  spectrum  which  are  very  near  together, 
and  so  to  see  as  much  as  possible  of  the  spectrum ;  to  photo- 
graph the  spectrum  so  that  it  shall  be  normal ;  to  investigate 
the  portions  of  the  spectrum  beyond  the  range  of  vision  ;  and, 
lastly,  to  put  into  the  hands  of  any  physicist  at  a  moderate 
cost  such  a  powerful  instrument  as  cotild  only  hitherto  be 
iturchased  bv  wealtln'  individuals  or  institutions. 

To  give  further  information  of  what  can  be  done  in  the  way 
of  gratings  I  will  state  the  following  particulars  : — 

The  dividing-engine  can  rule  a  space  (3^  inches  long  and 
4:^  inches  wide.  The  lines,  which  can  be  4j  inches  long,  do 
not  depart  from  a  straight  line  so  much  as  y^^-Q(jinch,  and 
the  carriage  moves  forward  in  an  equally  straight  line.  The 
screw  is  practically  perfect,  and  has  been  tested  to  yi^Q^g^inch 
without  showing  error.  Neither  does  it  have  any  appreciable 
periodic  error;  and  the  periodic,  error  due  to  the  mounting 
and  graduated  head  can  be  entirely  eliminated  by  a  suitable 
attachment.  For  showing  the  production  of  ghosts  by  a 
periodic  error,  such  an  error  can  be  introduced  to  any  reason- 
able amount.  Every  grating  made  by  the  machine  is  a  good 
one,  dividing  the  1474  line  with  ease;  but  some  are  better 
than  others.  Rutherfurd^s  machine  only  made  one  in  every 
four  good,  and  only  one  in  a  long  time  which  might  be  called 
fir.-t-class.  One  division  of  the  head  of  the  screw  makes 
14,438  lines  to  the  inch.  Any  fraction  of  this  number  in 
whicli  the  numerator  is  not  greater  than,  say,  20  or  30  can  be 
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ruled.  Some  exact  numbers  to  tlie  millimetre,  such  as  400, 
800,  1200,  etc.,  can  also  be  ruled.  For  the  finest  definition 
either  14,438  or  28,87(3  lines  to  the  inch  are  recommended — 
the  first  for  ordinary  use,  and  the  second  for  examining  the 
extremities  of  the  s})cctrum.  Extremely  brilliant  gratings 
have  been  madc^  with  43,314  lines  to  the  inch;  and  there  is 
little  difhcultv  in  rulino;  more  if  desired.  The  following  show 
some  results  obtained  : — 

Flat  grating,  1  inch  square,  43,000  lines  to  the  inch. 
Divides  the  1474  line  in  the  first  spectrum. 

Flat  grating,  2x3  inches,  14,438  lines  to  the  inch,  total 
43,314.     Divides  1474  in  the  first  spectrum,  the  E  line 

(Angstrom  52Gy'4)  in  the  second,  and  is  good  in  the 
fourth  and  in  even  the  fifth  spectrum. 

Flat  grating,  2x3  inches,  1200  lines  to  1  millimetre. 
Shows  very  many  more  lines  in  B  and  A  groups  than 
were  ever  before  seen. 

Flat  grating,  2  x  3^  inches,  14,438  lines  to  the  inch.  This 
has  most  wonderful  brilliancy  in  one  of  the  first  spectra, 
so  that  I  have  seen  the  Z  line,  wave-length  8240  (see 
Abney's  map  of  the  ultra-red  region),  and  determined 
its  wave-length  roughly,  and  have  seen  inuch  further 
below  the  A  line  than  the  B  line  is  aboAC  the  A  line. 
The  same  may  be  said  of  the  violet  end  of  the  spectrum. 
But  such  gratings  are  only  obtained  by  accident. 

Concave  grating,  2x3  inches,  7  feet  radius  of  curvature, 
4818  lines  to  the  inch.  The  coincidences  of  the  spectra 
can  be  observed  to  the  tenth  or  twelfth  spectrum. 

Concave  grating,  2x3  inches,  14,438  lines  to  the  inch, 
radius  of  curvature  8  feet.  Divides  the  1474  line  in  the 
first  spectrum,  the  E  line  in  the  second,  and  is  good  in 
the  third  or  fourth. 

Concave  grating,  3x5^  inches,  17  feet  radius  of  curvature, 
28,876  lines  to  the  inch,  and  thus  nearly  160,000  lines 
in  all.  This  shows  more  in  the  first  spectrum  than  was 
ever  seen  before.  Divides  1474Qand  E  very  widely,  and 
shows  the  stronger  component  of  Angstrom  5275  double. 
Second  spectrum  not  tried. 

Concave  grating,  4  x  5|  inches,  3610  lines  to  the  inch, 
radius  of  curvature  5  feet  4  inches.  This  orating  was 
made  for  Professor  Langley  s  experiments  on  the  ultra- 
red  portion  of  the  spectrum,  and  was  thus  made  very 
bright  in.  the  first  spectrum.  The  definition  seems  to 
be  very  fine,  notwithstanding  the  short  focus,  and  divides 
the  1474  line  with  ease.  But  it  is  difticult  to  rule  so 
concave  a  grating,  as  the  diamond  marks  differently  on 
the  different  parts  of  the  plate. 
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These  give  illustrations  of  the  results  accomplished;  but  of 
course  many  other  experiments  have  been  made.  I  have  not 
yet  been  able  to  decide  whether  the  definition  of  the  concave 
grating  fully  comes  up  to  that  of  a  flat  grating  ;  but  it  evi- 
dently does  so  very  nearly. 

Baltimore,  May  25, 1882. 


LXIT.   CrystallocircrpMc  Notes.     By  L.  Fletcher,  M.A.,  of 
the  Mineral  Department,  British  Museum* . 

[Plate  X.] 
IX.  Skiitterudite. 

THE  first  mention  of  this  mineral  was  made  in  1827  by 
Breithauptf,  to  whom  it  had  been  submitted  by  his 
brother-in-law  on  returning  from  a  voyage  in  Norway. 
Though  none  of  the  specimens  presented  crystal-faces,  Breit- 
haupt  found  that  there  were  distinct  cleavages  parallel  to  the 
sides  of  a  cube,  for  which  reason  he  assigned  to  the  species 
the  name  of  Tesseral-Kies.  Cleavages,  more  or  less  interrupted 
and  indistinct,  were  found  to  exist  parallel  to  planes  trunca- 
ting the  edges  and  quoins  of  this  cube,  indicating  that  the 
crystallisation  was  that  characteristic  of  the  cubic  system. 
Breithaupt  went  a  step  further,  and,  from  traces  of  separation 
which  manifested  themselves  in  the  direction  of  the  octahe- 
dral planes,  hazarded  the  conjecture,  since  (curious  to  say) 
verified,  that  the  crystals  would  prove  to  present  the  octahe- 
dron as  the  predominant  form.  The  specimens  were  of  a 
bright  metallic  lustre  and  of  a  tin-white  colour.  The  specific 
gravities  of  five  different  fragments  were  determined  to  be 
6-659,  6-681,  6-718,  6-748,  6-848,  and  thus  had  a  consider- 
able range.  As,  however,  after  breaking  up  the  fragments, 
it  was  seen  that  the  first  three  included  particles  of  quartz  and 
actinolite,  Breithaupt  regarded  the  true  specific  gravity  as 
lying  between  6-748  and  6-848.  The  hardness  was  greater 
than  that  of  cobaltite  or  Cobaltkies;  and  as  blowpipe  examina- 
tion had  indicated  that  cobalt  and  arsenic  were  the  chief  con- 
stituents, Breithaupt  suggested  the  secondary  title  of  Hartko- 
baltkies.  The  associated  minerals  were  cobaltine,  copper 
pyrites,  glassy  actinolite,  serpentine,  quartz,  and  sometimes 
also  cobalt-bloom. 

*  Commuiiicated  by  tlie  Author,  having  been  read  before  the  Crystallo- 
logical  Society,  May  oO,  1881. 

t  "Uebor  eiue  ueue  Ivies-Species  von  Skutterud,"  Pogg".  Arm.  vol.  ix. 
p.  115  (1827). 
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Ten  years  later  Sclieerer*  met  with  a  mineral  which  ex^ 
amination  led  him  to  regard  as  identical  with  that  previously 
described  by  Breitliaapt.  A  quantitative  analysis,  afterwardi? 
confirmed  by  Wohlerf,  gave  the  following  result: — - 

Arsenic 77-84 

Cobalt  20-01 

Sulphur 0-61) 

Iron 1-51 

Copper traces 

100-05 

a  composition  expressed  by  the  formula  CoAsy. 

The  description  given  by  Scheerer  agrees  very  closely  with 
that  of  Breithaupt ;  but  not  only  did  he  find  the  mineral  in 
its  massive  condition,  but  also  as  isolated  ci-ystals.  These  had 
the  form  of  octahedra,  modified  by  the  cube  dodecahedron 
and  an  icositetrahedron:  the  inclination  of  the  faces  of  the 
latter  form  to  the  adjacent  face  of  the  octahedron,  as  measured, 
was  19°  27',  proving  clearly  that  the  icositetrahedron  Avas 
(2  11),  for  which  the  calculated  angle  is  lii°  28';  the  faces  of 
this  particular  icositetrahedron  truncate  the  edges  of  the  do- 
decahedron. He  further  observes  that  this  form  (211)  was 
present  on  every  crystal  he  had  examined.  Scheerer  notices 
also  the  interesting  tact  that  the  crystals  are  often  found  im- 
planted upon  crystals  of  cobaltite,  and  states  that  he  had  not 
been  aljle  to  trace  any  regularity  in  the  relative  position  of  the 
crystals  of  the  two  species.  As  the  term  Tesseralkies  might 
be  taken  to  imply  that  the  mineral  crystallises  in  the  form 
of  cubes,  he  suggests  Arsenikkobaltkies  as  a  more  appropriate 
name. 

In  Haidinger's  '  Handbuch  der  bestlmmenden  Mineralogie  ' 
(1845)  the  mineral  appears  under  still  another  title — Skut- 
terudite,  suggestive  of  the  locality  v\'here  the  crystals  are 
found. 

In  Brook  and  Miller's  edition  of  '  An  Elementary  Introduc- 
tion to  Mineralogy  by  the  late  William  Phillips,'  published  in 
1852,  the  forms  presented  by  Skutterudite  are  given  as  (1  0  0), 
(1  1  0),  (1 1 1),  and  (2  2  1),  and  the  angles  according  with 
this  description  are  calculated.  It  will  be  observed  that  the 
form  (2  1 1)  described  by  Scheerer  is  not  mentioned,  but  that 
a  new  form,  (2  2  1),  a  triakisoctahedron,  is  substituted.  In 
1862    vom   Kath|,   apparently  not   having   referred   to   the 

*  <<  Ueber  zwei  uorwegische  KobaUerze  vou  den  Skutteruder  Gruben," 
Pogg.  Ann.  vol.  xlii.  p.  553  (1837). 
t  Pogg.  Ann.  vol.  liii.  p.  591. 
X  "■  Neue  Fliicbeu  am  Tesseralkies,"  Fogg.  Ann,  vol.  cxv.  p.  480, 
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original  paper  of  Scheerer,  and  assuming  that  the  information 
contained  in  the  last-mentioned  '  Mineralogy  '  incorporated  all 
the  results  of  observation  up  to  that  date,  determined  anew 
the  form  (2  1 1),  and  also  added  a  triakisoctahedron  (3  3  2),  a 
tetrakishexahedron  (3  1  0),  and  a  hexakisoctahedron  (6  4  3). 

The  prominent  forms,  according  to  both  Scheerer  and  vom 
Rath,  are  the  octahedron  (111),  the  dodecahedron  (110), 
and  the  icositetrahedron  (21  1);  while,  according  to  the  latter 
mineralogist,  the  additional  forms  (3  3  2),  (3  1  0),  (6  4  3)  are 
only  subordinately  developed.  The  disposition  of  the  faces  of 
this  hexakisoctahedron  (6  4  3)  will  be  more  easily  imagined,  if 
it  be  remarked  that  they  cut  off"  the  edges  of  intersection  of 
the  octahedron  -svith  the  tetrakishexahedron  (310).  With 
regard  to  the  faces  of  the  triakisoctahedron,  vom  Eath  observes 
that  they  are  small  and  unsuited  for  measurement,  but  that  in 
one  case  he  had  been  able  to  measure  the  angle  made  with  the 
adjacent  face  of  the  octahedron  as  lying  between  9^°  and  10i°; 
whence  ho  concludes  that  the  form  is  not  (2  2  1),  as  given  by 
Miller,  which  requires  an  angle  of  15°  48',  but  (3  3  2),  for 
which  the  calculated  angle  is  10°  2'. 

As  vom  Rath  considered  it  unlikely  that  the  subordinate 
triakisoctahedron  present  on  some  crystals  should  be  (2  2  1) 
and  on  others  (33  2),  he  suggests  that  the  symbol  given  by 
Miller  is  a  mistaken  one,  and  appears  to  think  that  the  form 
(2  21)  may  have  been  determined  by  inspection  and  not  by 
measurement.  It  seems,  however,  much  more  probable  that 
the  information  given  by  Miller  is  intended  to  be  merely 
a  statement  of  the  results  of  Scheerer,  and  not  of  a  later 
examination  by  Miller  himself,  who  could  not  have  failed 
to  remark  the  existence  of  the  icositetrahedron  (2  1  1),  which 
is  so  characteristic  that  it  was  present  on  every  crystal  ex- 
amined by  Scheerer,  and  in  fact  can  be  distinguished  on 
every  specimen  in  the  collection  of  the  British  Museitm.  It 
seems  fairly  evident,  then,  that  Miller's  (2  21)  was  a  simple 
error  introduced  in  the  copying  of  Scheerer's  results,  and  that 
the  angles  were  afterwards  calculated  without  this  error  in  the 
translation  of  the  symbol  from  the  German  notation  being 
remarked.  If  this  hypothesis  be  correct,  (2  2  1)  nmst  be 
expelled  from  the  list  of  observed  forms. 

The  next  mention  of  Skutterudite  is  to  be  found  in  an  ex- 
tremely interesting  and  important  paper  by  Schrauf  and  Dana 
on  the  thermoelectric  properties  of  mineral-varieties*,  where 
they  remark  that,  although  the  mineral  undoubtedly  crystal- 
lises in  the  cubic  svstem,  and  has  never  been  observed  to 

*  "  Ueber  die  thermoelektrische  Eigeuschaften  von  Miiieral-Varietaten," 
Sitz.-Ber.  Ak.  Wim,  vol.  Ixix.  p.  153  (1874), 
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present  any  hemiliedral  development,  they  nevertheless  find 
some  specimens  to  be  thermoelectrically  positive  and  others 
negative. 

The  bearing  of  this  remark  will  be  more  obvious  when  it  is 
recalled  to  mind  that  the  investigation  of  Schrauf  and  Dana 
was  undertaken  with  a  view  to  test  the  accuracy  of  the  induc- 
tion made  by  Gustav  Rose  from  his  experiments  on  iron 
pyrites  and  cobaltine* — that  the  opposition  in  the  thermo- 
electric behaviour  of  ditferent  specimens  of  the  same  mineral 
is  due  to  the  diplohedral  hemisymmetry, — and  of  his  inference 
that  the  faces  observed  on  the  positive  and  negative  crystals  be- 
long only  apparently  to  the  same,  really  to  complementary, 
semiforms.  The  observation  of  Schrauf  and  Dana,  that  the 
same  thermoelectrical  peculiarities  are  shown  by  a  holohedral 
mineral  of  the  same  crystalline  system  to  which  iron  pyrites 
and  cobaltine  belong,  will  clearly  not  strengthen  the  position 
taken  up  by  Rose. 

It  is  therefore  of  some  interest  to  find  that  the  specimens 
in  this  Collection  prove  that  not  only  is  Skutterudite  undoubt- 
edly hemihedral,  but  tlnit  it  presents  the  particular  variety  of 
hemisymmetry  which  is  so  characteristic  of  both  iron  pyrites 
and  cobaltine. 

Brezinaf  has  pointed  out  that  the  opposition  of  thermo- 
electric properties  shown  by  various  specimens  of  iron  pyrites 
and  cobaltine  cannot  be  satisfactorily  explained  by  diplohedral 
symmetry,  and  holds  that  haplohedral  hemisymmetry  must  be 
at  the  same  time  present — that,  in  other  words,  the  crystals 
must  be  tetartohedral  in  structure  ;  and,  assuming  that  the 
differences  in  the  specimens  are  only  differences  of  molecular 
grouping,  Brezina  regards  iron  pyrites  and  the  allied  species 
as  being  really  tetartohedral — a  view  which  as  yet  there  is 
little,  if  any,  crystallographic  evidence  to  support.  It  seems, 
however,  more  probable  that  Schrauf  and  Dana  are  right  in 
attributing  this  difference,  not  to  crystalline  hemisymmetry, 
but  to  slight  differences  of  composition  or  of  density  ;  and  the 
force  of  their  argument  will  not  be  very  much  weakened  by 
the  reference  of  the  symmetry  of  the  crystalline  forms  of 
Skutterudite  to  a  hemihedral  type. 

It  may  be  useful  to  remark  that  attention  w^as  first  directed 
to  the  hemihedry  by  the  discovery  of  a  crystal  of  Skutterudite 
among  the  specimens   of  that  typically  hemihedral  mineral 

*  "  Ueber  den  Zusammenhang  zwischen  liemiedrischer  Krystallform 
und  tbermo-elektrischen  Verlialten  beiiu  Eisenkies  imd  Kobaltglanz," 
Pogg.  Ann.  vol.  cxlii.  p.  1  (1871 ). 

t  "Ueber  die  Svmmetrie  der  Pyritgruppe,"'  Tschermak's  Min.  MiUheil, 
p.  23  (1872). 
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cobaltine,  to  which  it  was  very  similar  in  habit,  though  differ- 
ent in  colour.  Closer  examination,  however,  made  known  the 
fact  that  the  hemihedrally-developed/aces  belonged,  not  to  the 
pentagonal  dodecahedron  7r(2  1  0),  so  common  in  both  cobal- 
tine  and  iron  pyrites,  but  to  the  much  rarer  form  7r(310). 
In  this  Collection  there  are  fourteen  more  or  less  perfect  crys- 
tals, presenting  respectively  the  following  development : — 

No.  1  shows  only  the  octahedron  o(l  1  1)  modified  by  faces 
of  the  icositetrahedron  n(21 1),  as  shown  in  tig.  1  (PI.  X.). 

iSTos.  2, 3, 4  show  also  the  faces  of  the  dodecahedron  d{l  1  0), 
and  are  represented  in  fig.  2 — each  of  these  four  crystals  being- 
implanted  upon  a  crystal  of  coljaltite  in  the  way  described  by 
Scheerer  and  vom  Kath,  On  Nos,  5  and  6  the  same  forms 
recur;  but  some  of  the  quoins  are  truncated  by  small  planes 
of  the  cube  a{l  0  0),  probably  due  to  cleavage. 

As  in  all  the  above  forms  the  poles  of  the  faces  lie  in  dode- 
cahedral  planes,  the  abeyance  of  symmetry  of  the  latter  would 
have  no  eft'ect  in  reducing  the  number  of  faces;  in  other  words, 
so  long  as  only  these  forms  are  present  it  is  impossible  to  distin- 
guish crystallographically  whether  tho  structure  is  character- 
ized byholohedral  symmetry  or  by  diplohedral  hemisymmetry. 

Nos.  7  to  11  present  laces  of  the  tetrakishexahedron/'(3  1  0); 
and  it  now  becomes  possible  to  determine  whether  the  internal 
structure  as  shown  by  the  external  form  is  to  be  regarded  as 
holohedral  or  hemihedral.  As  a  matter  of  fact,  in  each  of  these 
crystals  the  faces  of  only  one  semiform  tt  (3  1  0)  are  found 
to  be  present,  the  number  varying  with  the  more  or  less  frac- 
tured state  of  the  crystal.  This  combination  is  represented 
in  fig.  3,  from  which,  for  the  sake  of  simplicity,  the  small 
faces  of  the  cube  have  been  omitted.  No.  7  presents  all  the 
twelve  faces  required  by  perfect  hemisymmetry;  No.  8  shows 
eight  faces,  No.  9  shows  five,  while  on  Nos.  10  and  11  only 
two  are  present;  but  on  none  of  these  crystals  can  any  faces 
of  the  complementary  semiform  7r(l  3  0)  be  distinguished. 

Crystal  No.  12  is  five  eighths  of  an  inch  (  =  1'6  centim.) 
long,  and  projects  from  a  matrix  of  quartz  and  mica.  It  is  par- 
ticularly interesting  as  showing  the  hemihedral  development, 
not  only  of  the  above  tetrakishexahedron,  but  also  of  an 
hexakisoctahedron  having  its  planes  in  the  edge-zones  of  the 
dodecahedron.  The  angle  made  by  the  faces  of  this  new  form 
with  the  adjacent  faces  of  the  form  (2  1 1)  was  measured  by 
help  of  the  telescopic  images  to  be  10"  48'  in  one  case  and 
11°  2' in  another;  there  is  no  doubt,  then,  that  the  fiices 
])elong  to  the  semiform  tt  (3  1  2),  for  which  the  corresponding 
calculated  angle  is  10°  54'.  Fig.  4  represents  the  actual  de- 
velopment of  the  various  faces  on  that  part  of  the  crystal 
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which  is  not  concealed  by  the  matrix  :  no  fewer  than  ten  ftices 
of  this  semifonn  it  (3  1  2)  can  be  seen,  while  not  a  single  face 
of  the  complementary  semiform  tt  (3  2  1)  is  to  be  found. 

Gustav  Rose  has  remarked  that,  in  cases  of  diplohedral 
hemisymmetry,  the  poles  of  all  the  faces  present  belong  in 
general  to  one  set  of  systematic  triangles :  this  crystal  of  Skut- 
terudito  forms  another  of  the  rare  exceptions  to  this  rule, 
which  would  rerjuire  the  association  of  7r(3  21)  instead  of 
TT  (3  1  2)  with  the  semiform  tt  (3  1  0). 

This  semiform  tt  (3  1  2)  is  again  to  be  observed  on  crystal 
No.  13,  though  it  is  there  represented  by  only  a  single  face. 
The  angle  with  the  adjacent  face  of  the  form  (2  1  1)  was  in 
this  case  measured  to  be  10°  d2V ,  a  result  according  well  with 
the  calculated  angle  10°  54' :  on  the  same  crystal  eight  faces 
of  the  semiform  ir  (3  1  0)  are  developed. 

The  last  crystal,  No.  14,  differs  from  the  rest  in  showing- 
three  faces,  which,  if  the  crystal  were  simple,  Avould  un- 
doubtedl}'  be  attributed  to  the  complementary  semiform 
7r(13  0);  the  crystal,  however,  still  presents  a  hemihedral 
habit,  since  the  three  faces  of  this  complementary  semiform 
TT  (1  3  0)  only  appear  at  quoins  where  the  faces  of  tt  (3  1  0) 
are  missing.  It  is  very  possible  indeed  that  the  crystal  may  be 
twinned  about  the  normal  to  a  dodecahedron-face,  as  is  at 
times  the  case  in  iron  pyrites — which  theory  would  likewise 
account  for  the  presence  of  reentrant  angles,  otherwise  to  be 
attributed  to  parallel  growth. 

The  subordinate  forms  (3  3  2),  (6  4  3),  described  by  vom 
Rath,  do  not  seem  to  be  present  on  any  of  the  above  crystals, 
and  must  be  very  rare.  In  some  cases  indeed  the  edges  of 
intersection  of  the  octahedron  with  the  form  tt  (3  1 0)  are 
'•'  rounded  off"  by  very  small  faces  not  susceptible  of  mea- 
surement; while  the  edges  of  the  octahedron  itself  are  bevelled 
by  narrow  planes,  which,  if  crystal-faces  at  all,  can  only  be 
approximately  determined.  On  one  crystal  the  angles  made 
with  the  adjacent  octahedral  faces  by  the  four  tautozonal 
rudimentary  planes  of  the  triakisoctahedron  were  measured 
by  the  method  of  maximum  illumination  as  18^°,  17;^°,  13°, 
16^°  respectively — thus  suggesting  the  form  (2  2  1),  which 
requires  an  angle  of  15°  48',  and,  as  we  have  seen,  was  given 
by  Miller,  no  doubt  in  mistake,  as  an  observed  form.  On 
another  crystal  a  series  of  images  could  be  obtained  from  each 
of  two  faces  of  the  triakisoctahedron  ;  and  the  limiting-values 
thus  determined  for  the  angle  corresponding  to  the  one  just 
mentioned  were,  in  one  case  13i°-16:^°,  and  in  the  other 
15|°-16|°;  on  a  third  crystal  two  similar  angles  were  mea- 
sured at  lh\°  and  19°,  thiis  again  indicating  the  form  (2  2  1). 
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The  range  of  specific  gravity  of  the  crystallised  mineral  is 
a  little  wider  than  that  of  the  massive  as  determined  by  Breit- 
haupt :  one  crystal  presenting  no  external  sign  of  impurity 
■was  found  to  have  a  specific  gravity  of  6'48 ;  a  second  had  a 
specific  gravity  of  irSl,  but,  like  the  less  dense  specimens  of 
Breithaupt,  evidently  contained  foreign  matter.  Two  other 
fairly  large  crystals  had  specific  gravities  of  6'56  and  6*72 
respectively;  while  a  small  apparently  very  pure  crystal,  with 
smooth  lustrous  faces,  gave  a  result  as  high  as  (y86. 

LXIII.  Action  of  Free  Molecules  on  Radiant  Heat,  and 
its  Conversion  thereby  into  Sound.  By  John  Tykdall, 
F.F.S. 

[Coucluded  from  p.  462.] 
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§  5.  New  E.vperiments,     Hypotliesis  of  Internal  Films. 
a.    The  Experimented  Tube. 

I  WISH  now  to  come  to  closer  quarters  with  the  argument 
urged  by  Magnus  and  repeated  by  MM.  Lecher  and 
Pernter,  namely  that  my  results  were  due  to  '•'  vapour- 
hesion  " — that  is  to  say,  to  liquid  films  condensed  on  my  ex- 
perimental tube  and  on  my  plates  of  rock-salt.  The  two  inves- 
ti craters  last  named  express  unqualified  surprise  that  I  should 
have  neglected  the  simple  precaution  of  experimenting  with 
blackened  tubes.  But  this  precaution  was  by  no  means  neg- 
lected by  me.  I  have  repeatedly  fortified  myself  by  experi- 
ments of  this  character,  with  the  result  recorded  in  Table  I. 
But  I  went  further.  A  smooth  coating  of  lampblack,  how- 
ever powerful  as  an  absorber,  might  be  competent  to  reflect  a 
certain  portion  of  the  incident  heat.  Hence  my  desire  to  get 
entirely  rid  of  reflection,  by  avoiding  all  contact  with  the 
interior  surface  of  the  experimental  tube. 

In  fig.  3  an  apparatus  is  sketched,  by  means  of  which  this 
has  been  accomplished.  T  T''  is  a  stout  tube  of  brass,  36 
inches  long  and  6  inches  internal  diameter.     Projecting  from 
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its  otherwise  closed  ends  are  screws  1  inch  each  in  depth,  sur- 
rounding circular  apertures  3^  inches  in  diameter.  By  means 
of  screw-caps  these  apertures  may  be  closed  air-tight  by  trans- 
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parent  j^lf^tes  of  rock-salt,  the  plates  being  protected  from 
crushing  by  washers  of  iudiarubber.  a  is  a  cock  leading  to 
an  air-pump  and  a  barometer-tube;  &  is  a  cock  to  "svhich  flasks 
can  be  attached;  while  c  is  a  cock  connected  with  a  purifying- 
apparatus  (not  shown).  This  consists  of  a  U  tube  hlled  with 
fragments  of  clean  glass  moistened  with  sulphuric  acid,  and 
of  a  second  tube  filled  with  fragments  of  Carrara  marble 
Avetted  with  caustic  potash.  A  plug  of  cotton-wool  intercepts 
the  floating  matter  of  the  air.  The  source  of  heat  L  is  a 
cylinder  of  carefully  prepared  lime,  against  which  a  flame  of 
coal-gas  and  oxygen  impinges.  The  incandescent  lime  taces 
the  concave  mirror  R,  which  receives  the  rays  and  sends  them 
back  in  a  parallel  beam  through  the  tube  T  T^  P  is  the 
thermopile,  from  which  wires  proceed  to  a  distant  galvano- 
meter, the  reflected  dial  of  Avhich  is  observed  throuoh  a  tele- 
scope.  S  is  an  adjusting-screen.  At  C  is  what,  in  my  former 
researches,  I  have  called  the  ''  compensating  cube,"  used  to 
neutralize  the  radiation  from  the  source  L  and  to  brinor  the 
galvanometer-needle  to  zero.  The  chief  object  of  this  arrange- 
ment is  to  enable  the  experimenter  to  send  a  calorific  beam 
along  the  axis  of  the  tube  T  T''  which  shall  never  touch  its  in- 
ternal surface.  The  great  width  of  the  tube,  aided  when 
necessary  by  diaphragms,  renders  this  easy  of  accomplish- 
ment. 

The  mode  of  operation  is  readily  understood.  Suppose  the 
heat  impinging  on  the  pile  to  produce  a  galvanometric  deflec- 
tion of  50°.  This,  the  "  total  heat,"  is  neutralized  by  the 
radiation  from  the  compensating  cul^e.  To  render  the  com- 
pensation accurate,  the  double  screen  S  is  shifted  by  an  ex- 
tremely fine  screw-motion.  Even  when  the  total  heat  is  very 
large  it  is  possible,  by  means  of  this  screen,  to  neutralize 
accurately  the  radiation  of  the  source  and  bring  the  needle  to 
zero.  Suppose  it  to  be  there  Avhen  the  tube  T  T'  is  exhausted; 
on  permitting  a  gas  or  vapour  capable  of  absorbing  radiant 
heat  to  enter  T  T',  the  preexisting  equilibrium  is  destroyed, 
the  needle  moves  promptly  away  from  zero,  and  from  the 
observed  deflection  the  absorption  may  be  calculated. 

Instead  of  the  concave  reflector,  a  rock-salt  lens  of  great 
purity  is  sometimes  used  to  render  the  beam  parallel.  When 
the  lens  is  used,  the  incandescent  portion  of  the  cylinder  of 
lime  is  caused  to  face  the  tube  T  T',  between  Avhich  and  the 
lime  the  lens  is  introduced.  Instead  of  the  incandescent  lime, 
a  spiral  of  platinum-wire  heated  to  redness  by  a  voltaic 
current  is  frequently  employed  as  the  som*ce  of  heat.  The 
spiral  is  placed  in  the  centre  of  a  brass  globe  G,  fig.  4,  and  is 
connooted  with  tho  -scrows  S  8'  fixed  in  the  back  of  th<^  globe. 
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from  ■which  wires  pass  to  the  battery.  R  shows  the  position 
of  the  rock-salt  lens,  while  one  end  of  the  experimental  tube  is 
shown  at  T.  The  greatest  care  is  here  necessary  to  protect 
the  spii-al  from  any  agitation  of  the  air.     Such  care,  however, 

Fig.  4. 


it  is  always  in  the  experimenter's  power  to  bestow.  To  secure 
constancy  in  the  radiation,  the  battery  was  charged  three 
times  a  day,  the  strength  of  the  current  being  regulated  by  a 
rheostat,  and  checked  by  a  tangent-galvanometer. 

An  experimental  tube  of  the  description  shown  in  fig.  3  was 
first  employed  by  me  about  twelve  years  ago;  and  with  it  I 
then  verified  all  the  experiments  I  had  previously  made  on 
the  absorption  of  radiant  heat  by  gases  and  vapours.  The 
experiments  were  not  published  in  any  scientific  journal;  but 
they  are  thus  referred  to  at  page  394  of  my  volume  of  col- 
lected meinoirs,  entitled  '  Contributions  to  Molecular  Physics 
in  the  domain  of  Radiant  Heat :' — '*'  The  two  ends  of  an  ex- 
perimental tube,  38  inches  long  and  G  inches  in  diameter,  were 
each  provided  with  an  aperture  2'G  inches  in  diameter.  These 
apertures  were  closed  with  plates  of  rock-salt.  The  source  of 
heat  was  a  platinum  spiral,  well  defended  from  air-currents, 
and  heated  to  redness  by  an  electric  current.  In  front  of  the 
spiral  was  a  rock-salt  lens,  which  sent  a  slightly  convergent 
beam  through  the  tube.  Behind  the  most  distant  plate  Avas 
formed  a  sharply-defined  image  of  the  spiral,  its  size  being 
such  that  it  was  icholh/  emhraced  hij  the  plate  of  salt.  Here, 
then,  was  a  beam  of  heat  passing  through   an   experimental 
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tube  without  couiino-  into  contact  either  with  the  surface  of 
the  tube  itself,  or  with  auv  coatino-  or  lining  of  that  surface. 
With  this  apparatus  all  my  old  experiments  on  vapours  have 
been  frequently  repeated.  There  is  no  substantial  difference 
between  the  results  thus  obtained  and  those  obtained  with  an 
experimental  tube  where  nineteen  twentieths  of  the  heat 
which  reached  the  pile  was  reflected  heat." 

The  tube  referred  to  in  this  extract  was  of  rough  Itrass, 
tarnished  within.  Hence^  ^vheu  air  entered  it,  after  exhaus- 
tion, the  dynamic  heating  of  the  tube  and  the  partial  conden- 
sation of  the  vapour  when  the  air  was  moist,  produced  an 
amount  of  radiation  from  its  internal  surface  which,  though 
small,  ^^■as  a  source  of  some  disturbance.  In  my  present 
experiments,  therefore,  another  tube,  of  the  dimensions  above 
given,  is  employed;  and  to  reduce  to  a  minimum  any  radiation 
from  its  internal  surface,  it  is  coated  within  with  silver  de- 
posited electrolytically,  and  highly  polished.  Experiments 
with  this  tube  show  that  it  does  not  in  any  way  disturb  the 
true  radiation  from  the  source. 

In  Table  I.  are  recorded  five  series  of  measurements  exe- 
cuted with  a  brass  tube  polished  within.  But  as  the  liquids, 
though  reported  pure  by  the  manufacttiring  chemist,  vary 
slightly  from  time  to  time,  I  thought  it  advisable  to  adhere  to 
the  same  samples  in  experiments  wherein  a  tube  with  reflecting 
interior  is  to  be  compared  with  one  permitting  of  no  reflec- 
tion. The  following  Ave  series  of  new  measurements  were 
therefore  executed  with  the  tube  first  mentioned. 

Table  III. 
Brass  tube  with  internal  reflection. 

A  B  C  D  E 

„  Spiral     Spiral      Lime,     Lime,     Lime, 

J:'reseure»\    ^,^^^      bright,      free,      mirror,     lens. 

Bisulphide  of  carbon     .  -48  5-0          ol  3-4  3-1  2-5 

Chloroform      ....  '36  7-9          5-3  5-6  4-8  5-0 

Benzol "32  9G          SG  79  69  6-3 

Iodide  of  methyl  .     .     .  "46  12-1          8-8  10-2  8-1  7-5 

Iodide  of  ethvf     ...  -36  150  11-9  12-5  11-3  10-6 

Amvleue      .'....  "26  219  15-6  160  144  12-5 

SuliDhvu'ic  ether    ...  -28  30-9  23-1  22-7  19-8  IS'l 

Acetic  ether     .          .     .  -29  369  27-3  29-6  24-1 

Formic  ether   ....  -36  296  25-0  23-8 

Column  A  in  this  table  contains  the  absorptions  of  the 
respective  vapours,  in  hundredths  of  the  total  radiation,  when 
the  source  was  a  platinum  spiral  just  under  incandescence,  un- 
aided by  either  lens  or  mirror.  Under  B  are  the  absorptions 
when  the  source  was  the  same  spiral  heated  to  bright  redness. 
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The  same  vibrating  atoms  are  preserved ;  but  in  A  they 
vibrate  on  the  Avhole  more  slowly  than  in  B  ;  and  as  the 
atomic  periods  of  the  transparent  vapours  synchronize  best 
with  the  slower  oscillations,  the  absorptions  in  A  are  con- 
siderably higher  than  those  in  B.  Under  C  are  the  absorp- 
tions when  the  source  was  a  moderate  lime-light,  produced  by 
coal-gas  and  oxygen.  Under  D  are  the  absorptions  when  the 
source  was  the  lime-light  with  its  heat  gathered  up  and  sent 
through  the  experimental  tube  by  a  concave  mirror;  while 
under  E  are  the  absorptions  of  the  heat  of  the  incandescent 
spiral  aided  by  a  rock-salt  lens.  The  absorptions  in  D  and  E 
are  somewhat  le.'^s  than  those  in  C,  because  the  path  of  the 
rays  was  diminished,  through  the  reduction  of  internal  reflec- 
tion by  the  mirror  and  lens. 

With  the  foregoing  results,  obtained  with  the  brass  experi- 
mental tube  polished  within,  where  the  greater  portion  of  the 
heat  reaching  the  pile  had  undergone  reflection,  are  now  to  be 
compared  those  obtained  with  the  silvered  tube,  where  in- 
ternal reflection  was  wholly  avoided. 

Table  IV. 

Wide  silvered  tube  with  no  reflection. 

L  L  M  M  L 

A  B  C  D  B 

Spiral  Spiral  Lime  Lime  Lime 

dark.  bright.  bright,  moderate,  dull  red. 

Bisulphide  of  carbon  .     .      40  I'S  1-5  1-5  3-3 

Chloroform oG  S'O  3-6  -l-S  6-0 

Benzol T'O  5-1  4-4  6-5  S'O 

Iodide  of  methjl     ...      T'S  5-9  5-0  6-5  9-2 

Iodide  of  ethyl   ....     11-3  7-6  6-8  8-5  11-2 

Anijlene   .    ' 15-0  11-8  8-8  12-0  17-3 

Sulphuric  ether  ....    21-2  17-1  12-5  15-0  25-0 

Acetic  ether 26-0  20-0  16'3  24-0  32-0 

Formic  ether 27-0  2r0  17-U  25-U  34-0 

The  vapour-pressures  here  were  those  given  in  Table  III. 
Column  A  contains  the  absorptions  ineasured  when  the  source 
of  heat  was  a  spiral  under  incandescence,  aided  by  a  rock-salt 
lens.  B  contains  the  absorptions  measured  with  the  same 
arrangement,  the  spiral  being  raised  to  bright  redness.  As 
usual,  the  heat  of  lowest  refrangibility  is  most  absorbed. 
C  contains  the  absorptions  of  a  tolerably  intense  lime-light 
aided  by  the  silvered  mirror ;  D  the  absorptions  of  the  same 
light  with  its  intensity  reduced ;  while  E  contains  the  absorp- 
tions of  the  rays  from  a  lime-cylinder  heated  to  dull  redness 
by  a  steady  flame  of  hydrogen,  burning  in  air,  and  aided  by 
a  rock-salt  lens. 
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Here,  then,  Avhere  no  trace  of  reflected  beat  is  sent  to  the 
pile,  we  have  substantially  tbe  same  results  as  tbose  obtained 
Avben  by  far  tbe  greater  portion  of  tbe  beat  reacbing  tbe  pile 
bad  undergone  reflection.  Tbe  agreement  sbows  tbat  tbe 
films,  tbe  action  of  wbicb  bad  been  posited,  but  never  proved, 
are,  in  regard  to  this  action,  wbat  I  always  knew  tbem  to  be, 
imaginary. 

b.    The  Plates  of  Rock-salt. 

Having  tbus,  I  trust  effectually,  disposed  of  tbe  bypotbesis 
Avbicb  ascribed  my  results  to  licpiid  layers  covering  tbe  in- 
terior surface  of  tbe  experimental  tube,  I  proceed  to  tbe 
examination  of  tbe  plates  of  rock-salt,  wbicb  bave  also  been 
credited  witb  a  litpiid  deposit.  Tbe  bypotbesis  is  to  a  great 
extent  dis])Osed  of  in  a  paper  of  mine  publisbcd  in  tbe  Pbilo- 
sopbical  Transactions  for  1864,  Avbicli,  like  otber  papers,  bas 
been  overlooked  by  writers  on  tbis  question.  An  apparatus 
is  tbere  described  wbicb  enabled  me  to  operate  upon  gaseous 
strata  of  different  tbicknesses,  tbe  tbickness  in  eacb  case 
being  measured  witb  great  accuracy  by  aid  of  a  vernier.  Let 
two  polisbed  plates  of  rock-salt  be  supposed  in  close  contact 
witb  eacb  otber,  and  let  tbem  be  gradually  separated  by  a 
suitable  rack-and -pinion  movement.  From  tbe  first  moment 
of  tbeir  separation  let  tbe  space  between  tbem  be  copiously 
supplied  witb  vapour.  Liquid  films,  if  tbey  form  at  all,  will 
be  deposited  wben  tbe  distance  between  tbe  plates  of  salt  is 
but  small.  As  far  as  tbe  films  are  concerned,  tbey  will  be  as 
influential  wben  tbe  jjlates  are  ^^  of  an  incb  apart  as  wben 
tbey  are  2  incbes  apart.  Hence,  if  tbe  bypotbesis  of  my 
opponents  be  correct,  tbe  absorption  ougbt  to  declare  itself 
with  tbe  former  amount  of  separation  as  clearly  as  witb  tbe 
latter.  But  if,  as  I  allege,  tbe  absorption  be  the  act  of  tbe 
vapour  molecules,  tben  tbe  deepening  of  tbe  vapour  stratum 
Avill  be  accompanied  by  an  increase  of  tbe  absorption.  Tbe 
following  experiment,  bearing  directly  on  tbis  subject,  was 
executed  in  1864.  My  plates  of  salt  were  first  fixed  at  a 
distance  of  .}^  of  an  incb  asunder  ;  and  tbe  space  between 
tbem  was  copiously  supplied  witb  air  saturated  witb  sul- 
pburic-etber  vapour.  Tbe  distance  between  tbe  plates  of  salt 
was  tben  augmented  b}-  steps,  as  sbown  in  tbe  following  table; 
and  at  eacb  step  tbe  absorption  was  determined.  Here  arc 
tbe  results : — 
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Thickness  of  Vcapour  stratum.  Absorption. 

0"05  iuch 2*1  per  ccut. 

0-1  „  4-6  „ 

0-2  „  .......  8.7  „ 

0-4  „  14-3  „ 

0-8  „  21-0  „ 

1-5  „  34-6  „ 

2-0  „  35-1  „ 

We  tlius  see  that  when  the  depth  of  the  vapour  stratum 
augments  from  ^^  of  an  inch  to  2  inches,  the  ahsorption 
augments  from  2  pei-  cent,  to  35  per  cent,  of  the  total  radia- 
tion. 

It  is  only  with  sulphuric  ether  that  an  ahsorption  of  2  per 
cent,  hy  the  thinnest  stratum  could  he  ohtained.  With  most 
other  vapours  the  action  of  a  layer  -^^j  of  an  inch  in  thick- 
ness proved  insensible.  We  may  thus  begin  Avith  a  layer 
which  yields  an  absorption  immeasurably  small,  gradually 
augment  the  thickness  of  the  absorbing  layer  until  it  becomes 
a  colunm  38  inches  long,  and  find,  throughout,  the  increase 
of  absorption  running  hand  in  hand  "with  the  increase  of  the 
length  of  the  absorbent  layer.  This  result  is  utterly  irrecon- 
cilable with  the  hypothesis  that  liquid  layers  on  the  plates  of 
salt  played  any  important  jiart  in  my  experiments. 

With  regard  to  '' vapour-hesion,"  I  have  to  make  the  fol- 
lowing further  remarks.  Let  a  thin  plate  of  polished  rock- 
salt  be  placed  upon,  or  against,  the  face  of  the  thermopile, 
with  its  lampblack  removed,  so  as  to  expose  a  clean  metallic 
surface.  Let  an  open  glass  tube  end  about  a  quarter  of  an 
inch  above  the  plate  of  salt;  and  through  this  tube  let  a 
current  of  mixed  air  and  vapour  be  gently  urged  do'wnwards 
against  the  plate.  No  fine  spray,  which  might  readily  arise 
from  Ijubbling  through  a  liquid,  is  to  be  permitted  to  mingle 
with  the  vapour.  My  vapours,  I  may  say,  have  been  usually 
formed,  without  bubbling,  in  large  flasks,  each  containing  a 
portion  of  a  volatile  liquid,  the  vapour  of  which  was  per- 
mitted to  diffuse  in  the  air  of  the  flask.  Fletcher's  foot- 
bellows  were  employed  to  urge  the  vapours  forward.  The 
needle  being  at  zero,  or  thereabouts,  on  causing  the  mixed 
current  to  impinge  upon  the  rock-salt,  the  needle  immediately 
swings  aside,  the  deflection  varj'ing  from  20°  to  80°  and  more, 
according  to  the  delicacy  of  the  galvanometer  and  the  quality 
of  the  vapour. 

From  such  experiments,  which  prove  heat  to  be  liberated 
when  vapour  comes  into  contact  with  the  salt,  the  condensa- 
tion of  the  vapour  has  been  inferred.     I  accept  the  inference. 

202 
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This,  however,  does  not  imply  the  acceptance  of  the  infer- 
ence from  this  inference,  that  the  condensed  fihns  exert  the 
action  ascribed  to  them  on  radiant  heat.  To  test  whether 
they  do  so  or  not,  I  had  a  circular  plate  of  rock-salt  mounted 
on  its  edge,  and  so  placed  that  a  beam  of  heat  passed  through 
it  normally  to  a  distant  thermopile.  The  source  of  heat  was 
an  incandescent  spiral,  aided  by  a  concave  mirror ;  and  the 
total  radiation,  after  passing  through  the  salt  and  impinging 
on  the  pile,  produced  a  deflection  of  51°.  This  radiation  was 
accurately  neutralized  by  a  compensating  cube,  the  needle 
under  the  operation  of  the  two  opposing  forces  pointing  to  0°. 
By  an  arrangement  which  every  experimenter  can  imagine 
for  himself,  sheets  of  air,  laden  with  various  vapours,  could 
be  poured  in  succession  over  the  plate  of  salt.  If,  under  these 
circumstances,  absorbent  films  were  formed,  the  equilibrium 
would  be  destroyed  and  the  needle  would  move  from  0°.  My 
slit,  which  was  the  flattened  base  of  an  open  tin  cone,  was 
placed  across  the  upper  part  of  the  plate  of  rock-salt,  so  that 
the  vapours,  which  were  all  heavier  than  air,  should  fall  over 
the  plate  downwards.  Here  are  the  results  obtained  when 
the  following  vapours  were  permitted  to  form  films  upon  the 
plate: — 

Bisulphide  of  carbon      ...  A  barely  sensible  action. 

Chloroform No  action. 

Benzol No  action. 

Iodide  of  methyl      ....  No  action. 

Iodide  of  ethyl No  action. 

Amylene No  action. 

Sulphuric  ether A  bai-ely  sensible  action. 

Acetic  ether No  action. 

Formic  ether No  action. 

Alcohol No  action. 

The  minute  deflections  produced  by  bisulphide  of  carbon 
and  sulphuric  ether  had  nothing  to  do  with  litjuid  films;  so 
that  the  words  '^  no  action  '"'  might  have  been  written  against 
these  substances  as  against  the  others.  While  therefore  re- 
cognizing the  fact  of  condensation,  these  simple  experiments 
prove  how  incorrect  it  is  to  credit  the  condensed  films  with 
the  effects  which  have  been  ascribed  to  them.  According  to 
Magnus,  alcohol  exhibits  a  force  of  vapour-hesion  particularly 
strong ;  but  we  here  see  that  even  this  vapour  produces  no 
sensible  effect.  The  vapours  have  been  tested  with  other 
sources  of  heat,  with  the  same  result. 

The  depx)rtment  of  dry  and  humid  air  is,  as  usual,  very 
instructive.     ^Vhen  the  thin  plate  of  rock-salt  resting  on  the 
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naked  face  of  the  pile  was  exposed  to  the  coiumou  air  of  the 
laboratoiy,  it,  of  course;  contracted  a  fihn  corresponding  to 
the  humidit}^  of  the  aii-.  The  sweeping  away  of  this  fihn  by 
dry  air  produced  a  very  small  deflection  indicating  cold. 
When,  on  the  contrary,  humid  air  was  urged  against  the  salt, 
the  deflection  indicating  heat  was  prompt  and  largo.  We 
have  now  to  test  the  action  of  the  liquid  film  thus  formed 
upon  radiant  heat.  The  circular  plate  of  rock-salt  before 
referred  to  was  mounted,  with  the  incandescent  spiral  on  one 
side  and  the  pile  on  the  other.  The  slit  was  so  ari'anged 
that  (Ivy  and  humid  air  could  be  sent  in  succession  over  the 
surface  of  the  plate.  As  before,  the  radiation  from  the  spiral 
was  neutralized  by  the  compensating  cube,  the  needle  pointing 
to  zero  when  the  two  sources  were  in  equilibrium.  On  sweep- 
ing dry  air  over  the  plate  of  salt,  so  as  to  remove  the  fihn 
contracted  from  the  laboratory  air,  there  was  no  motion  of 
the  needle.  On  pouring  humid  air  from  the  slit  over  the  salt, 
there  was  no  motion  of  the  needle.  To  moisten  the  air  it  was 
urged  from  bottom  to  top  through  a  tall  jar  filled  with  wet 
bibulous  paper.  The  same  apparatus  had  furnished  humid  air 
which  produced  a  swing  of  80°  when  urged  against  the  thin 
plate  of  rock-salt  resting  on  the  face  of  the  pile.  As  a  barrier 
to  radiant  heat  it  was  nevertheless  powerless.  The  conden- 
sation may  even  be  considerably  enhanced  without  producing 
any  sensible  efl:ect.  Through  a  glass  tube  I  urged  iny  breath 
against  the  plate  of  salt  so  as  to  produce  the  colours  of  thin 
plates,  without  any  sensible  effect  upon  the  galvanometer. 

Having  thus  clearly  shown  what  films,  even  in  an  exag- 
gerated form,  cannot  accomplish,  I  hope,  in  testing  the 
action  of  humid  air,  that  the  use  of  the  silvered  tube,  closed 
with  polished  plates  of  rock-salt,  on  which  no  trace  of  visible 
moisture  is  deposited,  will  be  conceded  to  me.  This  tube 
involves  the  use  of  a  source  of  heat  of  small  dimensions.  The 
lime-light,  though  fulfilling  this  condition,  is  not  suitable, 
because  of  the  high  refrangibility  of  its  heat.  The  incan- 
descent platinum  spiral  would  be  better;  still  the  i-adiation 
from  this  source  is  but  feebly  absorbed  by  the  aqueous  vapour 
taken  \\\)  by  air  at  ordinary  temperatures.  The  oxyhydrogen 
flame  fulfils  the  required  conditions  best*.  It  has  the  advan- 
tage of  high  temperature  and  low  refrangibility;  while  the  fact 

*  I  was  careful  to  assure  im-self  tliat,  unless  it  araouuted  to  the  visible 
wetting  of  the  plates  of  salt,  there  was  no  sensible  stoppage  of  the  rays 
from  the  oxyhydrogen  flame.  This  quite  agrees  with  the  result  obtained 
by  Magnus  himself,  in  the  experiment  with  the  concave  mirror  already 
refen-ed  to.  Unless  he  visibly  wetted  the  mirror,  he  failed  to  impair  the 
energy  of  the  reflected  beam. 
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tliat  its  heat,  as  coming  from  aqueous  vapour,  is  absorbed 
with  special  energy  by  aqueous  vapour,  is  also  a  strong  re- 
commendation. In  the  Bakerian  Lecture  for  1864  I  have 
illustrated  this  point.  Il  was  then  shown  that  when  a  platinum 
spiral,  rendered  incandescent  by  a  voltaic  current,  had  5'8 
per  cent,  of  its  heat  absorbed  by  undried  air,  a  hydrogen- 
flame  had  from  17  to  20  per  cent,  of  its  heat  absorbed.  The 
mere  plunging  of  a  platinum  spiral  into  the  flame  caused  the 
absorption  to  fall  from  17  per  cent,  to  S'Q  per  cent.  Hence 
my  reason  for  choosing  a  hydrogen-flame  in  the  present 
instance. 

Dry  air  and  humid  air  being  caused  to  occupy  the  experi- 
mental tube  in  succession,  both  of  them  were  compared  with 
the  radiation  through  the  tube  when  very  perfectly  exhausted 
by  a  Bianchi's  pump.    The  following  results  were  obtained  : — 

Deflection.  Absorption  per  100. 

Vacuum 0°-0  O'O 

Dry  air 0°-0  0-0 

Humid  air    ....       8°-0  11-7 

Vacuum 0°-0  O'O 

Dry  air 0°-0  O'O 

Humid  air    ....       7°-6  11-2 

The  deflection  through  a  vacuum,  otherwise  the  total  heat, 
was  47°,  which,  according  to  my  calibration-table,  is  equivalent 
to  68  units. 

A  fresh  supply  of  hydrogen  was  here  introduced  into  the 
gas-holder.  The  total  heat  being  46°  or  65  units,  the  follow- 
results  were  obtained : — 

Deflection.  Absorption  per  100. 

Dry  air 0°-0  0-0 

Humid  air   ....       6°-2  9-5 

Dry  air 0°-0  O'O 

Humid  air    ....       6°-7  10-3 

Mean  of  the  four  determinations  with  humid  air,  10*7. 

A  column  of  humid  air  38  inches  lono-  absorbs,  accordino- 
to  the.se  experiments,  10*7  per  cent,  of  the  radiation  from  a 
hydrogen-flame.  I  have  been  criticised  for  estimating  the 
absorption  of  the  earth^s  rays  within  10  feet  of  the  earth's 
surface  at  10  per  cent.  This  estimate  I  consider  a  moderate 
one;  and  the  foregoing  experiments  prove  it  to  be  so. 

It  would  be  an  error  to  .suppose  that  determinations  like 
these  are  easily  made.  They  require  the  most  scrupulous  care 
for  their  successful  accomplishment.      The  hydrogen  issued 
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from  the  gas-holder  through  an  orifice  of  fixed  dimensions  in 
a  stream  of  the  utmost  possible  constancy.  It  was  then  led 
into  a  Sugg's  regulator,  whence  it  issued  under  an  absolutely 
constant  pressure.  The  flame  issued  from  a  circular  l^rass 
burner  with  an  aperture  y\r  of  an  inch  in  diameter.  It  was 
carefully  surrounded  by  a  hoarding,  the  space  within  the 
hoarding  being  packed  with  horsehair.  Every  precaution 
in  fact  was  taken  to  avoid  the  agitation  of  the  air  around  the 
flame.  Proper  care  was  also  taken  to  secure  the  pilo  against 
disturbance  by  air-currents.  The  air  being  first  purified,  by 
passing  it  through  caustic  potash  and  sulphui'ic  acid,  was 
rendered  humid  by  carrying  it  over  wet  bibulous  paper  con- 
tained in  a  suitable  tube.  It  required  some  minutes  to  enter; 
and  it  was  therefore  necessary,  by  prior  patient  observance  of 
the  needle,  to  make  sure  that  during  this  interval  no  change 
occurred  in  the  radiation  save  that  effected  by  the  humid  air 
itself.  The  humid  air  was  removed  from  the  experimental 
tube,  not  by  exhaustion  (which  always  causes  precipitation), 
but  by  gently  forcing,  by  means  of  a  compressing-pump,  dry 
air  through  the  tube.  "When  this  was  done,  the  needle,  in  all 
the  experiments  above  recorded,  returned  within  a  small  frac- 
tion of  a  degree  to  zero*. 

With  the  rough,  wide  exj^erimental  tube  to  which  reference 
has  already  been  made,  I,  ten  years  ago,  found  the  absorption 
of  a  column  of  humid  air  38  inches  long  to  be  8  per  cent,  of 
the  total  radiation  from  a  flame  of  hvdrogen. 


'to^ 


§  6.   Conservation  of  Molecular  Action. 

If  the  absorption  of  radiant  heat  be  the  act  of  the  consti- 
tuent atoms  of  compound  molecules,  its  amount  depending 
solely  on  the  number  of  molecules  encountered  by  the  calorific 
waves,  then,  whatever  may  be  the  changes  of  density  which 
gases  and  vapours  undergo,  so  long  as  the  number  of  inolecules 
remains  the  same,  the  absorption  ought  to  continue  constant. 
Such  constancy,  should  it  be  proved  to  exist,  I  name  the  "  con- 
servation of  molecular  action."  The  experiments  now  to  bo 
described  deal  with  this  question. 

Besides  the  silvered  experimental  tube  already  described  as 
38  inches  long,  I  had  another  constructed  of  the  same  diameter, 
and  with  similar  terminal  apertures.  Its  length  was  10"8 
inches.  The  one  tube  was,  therefore,  3*5  times  the  length  of 
the  othei-.  Tlie  shorter  tube  was  constructed  with  the  view 
of  proving  that  the  absorptions  I  had  recorded  in  previous 

*  The  temperature  of  tlie  laboratory  air  diuing  the  foregoing  experi- 
ments was  60°  Fahi\ 
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memoirs  were  exerted  by  the  vapour  molecules,  and  not  by 
liquid  layers  deposited  on  my  plates  of  salt.  The  hypothesis 
of  such  layers,  however,  being  completely  disposed  of,  we  can 
carry  the  experiments  a  step  further.  Assumino-  that,  the 
absorption  does  not  change  with  change  of  density,  so  long 
as  the  quantity  remains  constant,  it  would  follow  that  1  mer- 
cury inch  of  vapour  in  the  long  tube  ought  to  quench  as  much 
heat  as  3"5  inches  in  the  short  one.  The  same  conclusion 
ought,  of  course,  to  hold  good  when  we  compare  2  inches  of 
vapour  in  the  long  tul^e  with  7  inches  in  the  short  one. 

The  experiments  have  been  made,  and  with  the  following 
results : — 

Sidpliuric-etlier  vaj)Our. 
Short  experimental  tube. 

Pressure.  Deflection.     Absorption  per  100. 

o'5  inches     .     .         24*^  30 


Again, 


7         „         .     .         30  37-5 

Totatheat  .         50 


3-5  inches     .     .         24^  30 

7        „         ...        31-5  39-4 


Total  heat  .         50 
Taking  the  means  of  these  two  experiments,  we  have  the 
absorptions — 

For  3-5  inches  ....     30    per  cent. 
For  7         „       .     .     .     .     38-5     ., 

Such  is  the  result  obtained  with  the  short  tube.  We  now 
turn  to  the  long  one  : — 

Long  experimental  tube. 
Pressure.  Deflection.    Absorption  per  cent. 

linch.     ...         23°  30-3 

Total  heat  .         49 

2  inches  ...         31  38-8 

Total  heat  .         50 

These  results  are  almost  identical  with  those  obtained  with 
the  short  tube  and  greater  pressures. 

The  source  of  heat  in  this  case  was  a  dull  lime-light.  In 
subsequent  experiments  the  light  was  brightened.  Here  is 
the  result : — 

Long  experimental  tube. 
Pressure.  Absorption, 

1  inch 22-3  per  cent. 

2  inches 29*5       „ 
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Short  experimental  tube. 
Pressure.  Absorption. 

3*5  inches 22 "5  per  cent. 

7-0      „ 30-0       „ 

The  agreement  here  is  ahnost  as  close  as  that  established 
by  the  first  experiment. 

With  a  still  brighter  source  of  heat  the  absorptions  were: — 

Long  tube. 

Pressure.  Absorption. 

1  inch 18"-4  per  cent. 

2  inches 25*7       „ 

Short  tube. 

3*5  inches 18*8  per  cent. 

7 '0  inches 25-6       „ 

When,  therefore,  the  density  of  the  vapour  varies  inversely 
as  the  length  of  it  traversed  by  the  calorific  rays,  the  absorp- 
tion remains  constant. 

The  hydride  of  amyl  lends  itself  conveniently  to  experiments 
of  this  character.  A\^ith  it,  and  with  the  lime-light  as  source, 
the  following  measurements  have  been  made  : — 

Hydride  of  amyl. 
Long  experimental  tube. 

Pressure.  Deflection.       Absorption. 

1  inch 10°  12-8 

2  inches     ....         15  19*2 

Total  heat  .         49*4 

Short  experimental  tube. 

Pressure.  Defiectiou.  Absorption. 
3-5  inches ....         10°  12-2 

7-0      „      ....         15  18-3 

Total  heat  .         50 '5 

The  agreement  here  is  close  enough  to  illustrate  the  law, 
the  greatest  difference  being  under  1  per  cent. 

At  this  point  the  following  entry  appears  in  my  note-book: — 
'^It  might  have  been  wise  on  ray  part  to  rest  content  with 
the  comparison  of  the  long  and  short  tubes  with  the  lime- 
light as  source  of  heat.  But  for  the  sake  of  completeness  I 
wished  to  introduce  the  incandescent  spii-al.  The  fulfilment 
of  this  wish — that  is  to  say,  the  successful  performance  of  a 
single  experiment — has  cost  me  more  than  a  week^s  work. 
Once,  however,  committed  to  the  task,  I  could  not  leave  it 
incomplete. 
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"  The  discrepancy  between  the  two  tubes  was  in  no  case 
great^  hardly  ever  exceeding  2  per  cent.  But  the  difference 
was  uniformly  in  favour  of  the  long  tube  and  small  density. 
Diaphragms  were  employed  ;  the  position  of  the  short  tube 
was  shifted  ;  and  it  was  finally  placed  so  that  the  pile  should 
occupy  the  same  position  in  relation  to  its  adjacent  end  as  it 
did  in  relation  to  the  adjacent  end  of  the  long  tul)e.  The 
discrepancies  then  disappeared,  the  absorptions  in  the  two 
tubes  proving  practically  identical. 

"  Many  leaves  of  paper  were  covered  with  observations 
during  the  week  ;  but  it  is  useless  to  take  up  time  and  space 
in  copying  them  here.  One  representative  observation  will 
suffice.''^ 

Sulphuric  ether. 

Source  of  heat — bright-red  spiral  with  rock-salt  lens. 
Long  experimental  tube. 

Pressure.  Deflection.  Absorption. 

1  inch 20°-0  23-5 

2  inches 27°-3  32-1 

Total  heat  .         51°-0 

Short  experimental  tube. 

Pressure.  Deflection.  Absorption. 

3-5  inches 17°'8  23-4 

7-0    „ 24°-8  32-6 

•     Total  heat  .  49°'0 

The  agreement  between  the  two  tubes  is  as  perfect  as  could 
be  desired. 

It  is  easy  to  record  these  experiments;  but  it  is  not  so  easy  to 
make  them.  On  every  portion  of  the  apparatus  (the  source, 
the  tube,  the  thermopile,  and  the  galvanometer)  extraordinary 
care  must  be  bestowed  to  make  the  experiments  strictly  com- 
parable. The  results  were  checked  by  taking  the  total  heat 
after  every  experiment — a  precaution  which  ensured  the  de- 
tection of  any  variation  on  the  part  of  the  source.  When  the 
platinum  spiral  was  used,  the  battery  of  ten  Grovels  cells, 
employed  to  render  it  incandescent,  had  to  be  very  carefully 
prepared,  freshly  amalgamated  zinc  plates  being  used  in  each 
fresh  battery.  The  requisite  deflection  of  a  tangent  compass 
Ijeing  produced,  it  was  kept  constant  by  means  of  a  rheochord 
throughout  the  day.  When  the  battery  showed  signs  of  rapid 
falling,  it  was  always  renewed.  It  would  be  tedious  to  dwell 
vipon  the  precautions  taken  to  protect  the  source  and  iho  pile 
from  the  least  agitation  of  the  air.  Such  precautions  are 
essential;  but  their  necessity  and  form  must  be  learnt  by  each 
experimenter  for  himself. 
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§  7.   Thermal  Continuity  of  Liquids  and  Vapours, 

I  have  amply  illustrated  by  experiments,  recently  made, 
the  correspondence  which  subsists  between  A'apour  absorption 
and  liquid  absorption,  when  the  quantities  of  matter  traversed 
in  the  two  cases  by  the  calorific  rays  are  proportional  to  each 
other.  This  correspondence,  as  I  have  already  stated,  was 
established  eighteen  years  ago.  And  though  the  result  goes 
to  the  very  core  of  the  discussion  which  my  researches  have 
aroused,  though  in  relation  to  that  discussion  they  had,  in  my 
estimation,  a  Aveight  and  import  greater  than  those  of  any 
other  experiments  published  by  mo,  they  seem  never  for  a 
moment  to  have  attracted  the  attention  of  those  who  have 
taken  part  in  the  discussion.  Here  is  the  result,  published 
in  1864,  which  illustrates  the  point  now  under  consideration : — 

Absorption  per  100. 

Vapour.  Lic^iiid. 

Bisulphide  of  carbon      .     .  0*48  4*3           8*4 

Chloroform 0-36  fi-G  25-0 

Iodide  of  methyl ....  0-4G  10-2  4G-5 

Iodide  of  ethyl*    ....  0-36  IS'O  50*7 

Benzol 0-32  16-8  55-7 

Amylcno 0*26  19-0  05-2 

Sulphuric  ether    ....  0-28  21*5  73-5 

Acetic  ether 0'29  22-2  74-0 

Formic  ether 0-36  22-5  70-3 

Alcohol 0-50  22-7  78-G 

The  magnitude  of  the  absorption  in  the  liquids  is  far  greater 
than  in  the  vapours,  because  the  quantity  of  absorbent  matter 
is  far  greater  in  the  former  than  in  the  latter  ;  but  the  order 
of  absorption  is  the  same. 

When  the  vapours  are  doubled  in  quantity,  the  absorptions 
are  considerably  increased.  When  trebled  they  are  still  further 
augmented  ;  in  other  words,  they  approach  more  and  more 
in  magnitude  to  the  absorptions  of  the  liquids  ;  but  the  har- 
mony as  regards  order  is  never  disturbed.  What,  then,  would 
occur  if  the  vapours  were  so  increased  as  to  render  the  quan- 
tities of  matter  in  the  two  states,  not  proportional,  but  equal 
to  one  another  ?  This  is  the  question  with  which  I  now  propose 
to  deal.  At  the  time  when  the  results  above  recorded  were 
obtained,  I  thought  it  probable  that  if  a  circular  liquid  layer 
of  a  given  diameter  could  be  vaporized  in  a  tube  of  the  same 
diameter,  the  absorption  would  remain  unchanged.  In  other 
words',  I  thought  that  the  liberation  of  the  molecules  from 
liquid  cohesion  would  neither  augment  nor  diminish  their 
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action  upon  radiant  beat.  Since  1864  this  problem  has  been 
often  in  my  mind.  The  wide  silvered  tube,  I  am  happy  to 
say,  has  rendered  the  solution  of  the  problem  possible. 

It  is  only  highly  volatile  liquids  that  lend  themselves  to 
this  experiment,  because  from  them  alone  can  vapours  be 
be  derived  of  sufficient  density  to  produce  liquid  layers  of 
i^racticalile  thickness.  On  the  22nd  of  last  October  the  experi- 
ment was  first  attempted.  The  source  of  heat  was  the  lime- 
light, the  rays  of  which  were  received  by  a  concave  mirror 
silvered  in  front,  and  sent  in  a  nearly  parallel  beam  through 
the  experimental  tube.  At  the  end  nearest  the  source  the  tube 
was  provided  with  a  diaphragm  having  a  circular  orifice 
1  inch  in  diameter.  At  the  other  end  was  a  diaphragm  with  an 
orifice  i  an  inch  in  diameter.  Beyond  this  was  placed  the 
thermopile,  furnished,  not  with  its  reflecting  cone,  but  with 
a  tube  of  brass  (shown  in  fig.  3)  2  inches  long  and  blackened 
within.  In  this  arrangement,  the  heat  which  reached  the 
pile  did  not  even  approach  the  interior  cylindrical  surface. 
The  total  heat  employed  produced  a  deflection  of  60  galvano- 
metric  deo-rees,  whicli,  when  the  tube  was  exhausted  by  a 
powerful  Bianchi^s  air-pump,  was  accurately  neutralized  by  a 
compensating  cube.  Liquid  sulphuric  ether  was  then  placed 
in  a  large  flask  provided  with  a  sound  stopcock,  the  object 
being  to  expose  a  considerable  evaporating  surf;ice.  The  flask 
was  plunged  in  water,  with  the  view  of  keeping  the  liquid 
and  its  vapour  at  an  approximately  constant  temperature. 
The  air  being  carefulh^  removed  from  the  flask,  it  was  attached 
to  the  experimental  tube,  and  a  quantity  of  vapour  was  allowed 
to  enter  sufficient  to  render  a  column  38  inches  long  equivalent 
to  a  liquid  layer  1  millimetre  in  thickness.  Two  concurrent 
experiments  made  the  deflection  produced  by  the  vapour 

41°. 

Without  altering  the  quality  of  the  heat,  the  absorption 
exercised  by  a  liquid  layer  of  sulphuric  ether  1  millimetre 
thick  was  next  determined.  The  rock-salt  cell  with  which  the 
experiment  was  made  is  described  in  detail  in  the  Bakerian 
Lecture  for  1864  (Phil.  Trans,  vol.  154.  p.  328.)  The  an- 
nexed figure  (fig.  5)  will  give  a  sufficiently  clear  notion  of  its 
construction  and  disposition.  Between  two  stout  plates  of 
brass,  c  r  and  its  fellow,  two  rock-salt  plates  of  extreme  purity 
are  firmly  clasped  by  suitable  screws,  due  care  being  taken  to 
protect  the  plates  from  a  crushing  pressure.  The  two  brass  plates 
referred  to  are  perforated  by  circular  apertures,  as  shown  in 
the  figure.  The  two  plates  of  salt  are  not  allowed  to  come 
into  contact,  but  are  separated  from  each  other  by  a  carefully 
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worked  brass  plate  1  millimetre  thick,  perforated  like  c  c.  A 
})ortion  of  this  middle  plate  is  cut  away,  opening  a  passage 
into  the  interior  of  the  cell.  Through  this  passage  the  cell  is 
tilled  with  liquid  liy  means  of  the  funnel/'.  The  cell  is  placed 
on  a  platform  P  P  riveted  onto  the  double  brass  screen  S  »S. 
The  source  was  placed  at  A,  and  the  thermopile  with  its 
blackened  tube  at  B.     It  is  not  necessary  to  figure  them. 

The  needle  beino;  brought  accurately  to  zero  by  the  com- 
pensating-cube  when  the  cell  was  empty,  liquid  sulphuric 
ether  was  poured  in.     The  consequent  deflection  was 

42°. 

Here  vapour  absorption  and  li(|uid  absorption  were  so  nearly 
alike  as  to  stimulate  me  to  further  eftbrts.     The  entry  in  my 
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note-book  on  the  22nd   ends  with  the  remark  : — "  I  purpose 
repeating  this  experiment  on  Monday,  with  the  view  of  ren- 


derinor  the  result  secure, 


)i 
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On  Monday,  accoixlingly,  the  experiments  were  resumed; 
but  they  proved  by  no  means  so  easy  as  I  had  hoped  to  find 
them.  For  five  days  I  worked  at  the  subject  without  coming 
to  any  satisfactory  conclusion.  The  source,  tlie  mirror,  the 
cell,  the  experimental  tube,  and  the  thermopile  were  all  in 
turn  objects  of  scrutiny  ;  but  there  still  remained  a  difference 
between  the  action  of  the  liquid  and  that  of  its  vapour  suffi- 
cient to  throw  doubt  on  the  assertion  of  their  identity. 

At  the  conclusion  of  many  trials  and  precautions  I  found 
the  absoi'ption  of  the  vapour  still  distinctly  in  excess  of  that 
of  the  lit|uid.  I  had  reduced  the  spherical  aberration  to  a 
minimum,  by  confining  the  reflection  to  a  small  central  area 
of  the  silvered  mirror.  Still  the  image  of  the  incandescent 
lime,  formed  at  the  end  T^  of  the  experimental  tube,  was  large 
enough  to  encroach  a  little  on  the  annular  space  surrounding 
the  aperture  closed  by  the  plate  of  rock-salt.  Diaphragms  of 
polished  metal  had  also  been  used,  to  lessen  the  amount  of  heat 
falling  upon  the  jDile.  I  figured  to  myself  the  heat  impinging 
on  the  annular  space  and  dia])hragm,  reverberated  back  to 
the  end  T  of  the  experimental  tube,  reflected  from  the  annular 
space  and  diaphragm  at  that  end,  and  thus  in  part  sent  back 
to  the  pile.  8uch  heat,  instead  of  passing  once  through  the 
vapour,  would  pass  through  it  three  times;  and  if  it  formed  a 
sensible  part  of  the  total  heat,  might  make  vapour  absorption 
appear  greater  than  liquid  absorption.  I  had  the  tube  dis- 
mounted, and  the  annular  spaces  and  diaphragms  carefully 
coated  with  lampblack.  Remounting  the  tube  and  measuring 
once  more  the  vapour  absorption,  it  was  found  to  be 

32*4  per  cent. 

This  was  the  mean  of  five  concurrent  series  of  observations, 
in  which  every  care  was  taken  to  ensure  exactitude.  Lest 
the  total  heat  should  vary  during  the  execution  of  a  scries, 
it  was  taken  at  the  conclusion  of  every  individual  experiment. 
The  aljsorption  of  sulphuric  ether,  acting  as  a  liquid,  was 
next  determined.  The  mean  of  three  series  of  experiments, 
two  of  which  yielded  identical  results,  and  the  third  of  which 
dift'ered  only  (J*7  per  cent,  from  the  others,  made  the  absorp- 
tion of  the  li(]uid  ether  to  be 

32*9  per  cent., 

which,  I  need  not  say,  is   surprisingly  close  to  the  vapour 
absorption,  diftering  therefrom  by  only  U"5  per  cent. 

Informed  by  experiment  that  the  heat  from  the  incandescent 
platinum  spiral  was  more  powerfully  absorbed  than  that  of  the 
lime-light,  I  thought  it  worth  while  to  inquire  whether  the 
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liquid  followed  its  vapour  in  absorptive  energy  when  the 
quality  of  the  heat  was  changed.  On  Monday  the  31st,  ac- 
cordingly, the  rays  from  the  spiral  being  rendered  })arallel  by 
a  rock-salt  lens,  the  absorption  of  sulphuric  ether  wiia  deter- 
mined; and  found  to  be 

66*7  per  cent.; 
while  the  absorption  of  the  liquid  was 

67*2  per  cent., 

which  again  gives  a  difference  of  only  0*5  per  cent. 

On  another  occasion  I  found  the  absorption  by  sulphuric 
ether  to  be  : — 

Vapour     .     .     .     .     71  per  cent. 
Liquid      ....     70        ,, 

On  the  1st  November  I  checked  the  result  obtained  with 
the  lime-light  and  mirror,  by  using  the  lime-light  and  rock- 
salt  lens.  Here  are  the  absorptions  of  the  vapour  and  liquid 
respectively  : — 

Vapour  ....     33*3  per  cent. 
Liquid    ....     33*3      „ 

The  absorptions  are  identical  ;  while  the  result  agrees  closely 
with  that  oljtained  with  the  concave  reflector. 

When  the  requisite  quantity  of  sulphuric-ether  vapour,  viz. 
7'2  mercury  inches,  was  in  the  experimental  tube,  1  tried 
whether  the  radiation  from  a  Leslie's  cube,  coated  with  lamp- 
black and  filled  with  boiling  water,  could  pass  through  the 
vapour.  About  14  per  cent,  of  the  incident  heat  was  trans- 
mittetl.  Had  I  been  asked  at  the  time  whether  a  liquid  layer 
of  sulphuric  ether  1  millimetre  thick  was  pervious  to  the  heat 
of  the  cube,  I  should  have  replied  with  some  confidence  in  the 
negative.  Hence,  for  the  moment,  I  thought  the  experiment 
opposed  to  the  law  that  vapour  absorption  and  liquid  absorp- 
tion, when  equal  quantities  of  matter  are  compared,  are  the 
same.  On  actually  testing  a  layer  of  the  liquid  ether  1  milli- 
metre thick,  the  transmission  of  upwards  of  6  per  cent,  of  the 
incident  heat  was  observed.  So  that  in  this  case  also  we  have 
harmony  of  deportment  between  liquid  and  vapour.  The 
absorption  of  the  vapour  exceeds  that  of  the  liquid,  because  the 
heat  from  the  cube  radiated  freely  against  the  interior  silvered 
surface  of  the  experimental  tube,  and  by  its  reflection  from 
that  surface  had  its  path  through  the  vapour  augmented  in 
length.  This  augmentation  naturally  carried  with  it  an  in- 
crease of  the  absorption. 

The  next  substance  examined  was  hydride  of  amyl,  the 
boiling-point  of  which  is  30°  Fahr.,  or  5°  lower  than  that  of 
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sulphuric  ether.  When  a  large  evaporating-surface  is  ex- 
posed, there  is  therefore  no  difficulty  in  obtaining,  from  this 
liquid,  vapour  of  a  pressure  of  Q''6  inches  of  mercury.  This, 
in  a  tube  38  inches  long,  would,  if  squeezed  to  liquefaction, 
produce  a  layer  1  millimetre  thick.  Vapour  absorption  and 
liquid  absorption  being  measured  in  succession,  this  is  the 
behaviour  of  the  hydride  of  amyl : — 

Absoi'ption  by  vapour  .     .     .     .     51  per  cent. 
Absorption  by  liquid     ....     51        „ 

the  two  absorptions  being  absolutely  identical  *. 

Combining  this  section  and  the  last,  their  joint  results  may 
be  thus  summed  up.  Beginning  with  a  column  of  sulphuric- 
ether  vapour  38  inches  long  at  7*2  inches  pressure,  or  with  a 
column  of  hydride-of-amyl  vapour  38  inches  long  and  at  6*(5 
inches  pressure,  and  gradually  shortening  the  column  without 
altering  the  quantity,  the  vapour  would  gradually  augment  in 
density  and  pass  wholly,  when  reduced  to  a  thickness  of  1 
millimetre,  into  the  liquid  state  of  aggregation,  f^uppose  a 
beam  of  heat  of  constant  value,  after  passing  through  the 
vapour,  to  impinge  upon  a  thermoj)ile  and  to  produce  a 
definite  galvanometric  deflection;  this  deflection  would  remain 
absolutely  fixed  during  all  the  changes  of  density  and  aggre- 
gation which  we  have  supposed  the  vapour  to  undergo.  In 
other  words — as  regards  the  absorjjtiou  of  radiant  heat,  the 
vapour  would  pass,  without  breach  of  continuity,  through  all 
its  stages  of  condensation  into  the  liquid  form  of  matter. 

A  general  law  of  molecular  physics  is,  I  apprehend,  here 
illustrated. 

§  8.  Rliythmic  Absooyfion  of  Hadiant  Heat  hy  Ganes  and 

Vapours. 

Conclusive  as  the  foregoing  experimental  argument  must 
appear  as  regards  the  action  of  free  molecides  upon  radiant 
heat,  I  am  nevertheless  glad  to  supplement  it  by  another  of  a 
totally  different  character.  On  the  29th  of  November,  1880, 
I  had  the  pleasure   of  witnessing,  in  the  laboratory  of  the 

*  "NVlieu  the  rock-salt  cell  was  empty,  reflection  of  course  occurred  at 
its  two  interior  surfaces.  A  perfectly  cliatliermanous  liquid,  with  the 
refractive  index  of  rock-salt,  would  annul  this  reflection.  And  though 
the  liquids  actually  employed  had  a  smaller  refractive  index  than  rock- 
salt,  and  though  tliey  were  far  from  being-  perfectly  diathermaiious,  their 
inti'oduction  into  the  cell  must  nevertheless  have  diminished  the  reilec- 
tion,  and  thus  added  to  the  transmitted  heat.  Tliis  addition,  having-  been 
determined  by  calculation,  was  sensibly  neutralized  by  the  introduction 
of  Avasliei-s  of  thin  note-paper,  whicli  slightly  augmented  the  tliicknets  of 
the  liquid  stratum  traversed  by  the  calorilic  rays. 
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Royal  Institution,  the  remarkable  experiments  of  Prof.  Graham 
Bell,  wherein  musical  sounds  were  evoked  by  causing  an  in- 
termittent beam  of  light  to  impinge  upon  thin  disks  of  various 
kinds  of  matter.  I  was  soon  convinced  that  the  effects  were 
due  to  the  rhythmic  gain  and  loss  of  heat.  Being  occupied 
with  experiments  on  gases  and  vapours  at  the  time,  I  thought 
that  i\xQj  might  be  invoked  to  decide  the  nature  of  the  action 
revealed  by  Prof.  Bell.  The  result  was  mentally  clear  before 
the  experiment  was  made.  I  pictured  a  highly  absorbent 
vapour,  exposed  to  the  shocks  of  the  intermittent  beam,  sud- 
denly expanding  during  the  moment  of  exposure,  and  as 
suddenly  contracting  when  the  beam  was  intercepted.  Pulses 
of  an  amplitude  probably  far  greater  than  those  obtainable 
with  solids  would,  I  thought,  be  thus  produced  ;  and  these 
pulses,  if  caused  to  succeed  each  other  with  sufficient  rapidity, 
would  be  stire  to  produce  musical  sounds. 

This  idea  was  tested  and  verified  on  the  spot.  The  'Journal 
of  Telegraph  Engineers'  for  December  8th,  1880,  contains 
the  following  record  of  what  occurred  : — "  When  Professor 
Bell  was  good  enough  to  show  me  his  experiments,  I  happened 
to  be  myself  experimenting  on  the  action  of  vapours  upon 
radiant  heat.  Old  experiments  had  revealed,  and  new  ones 
had  confirmed,  the  fact  that,  as  regards  the  absorption  of  heat, 
there  existed  vast  difierences  between  vapours.  This  is  well 
illustrated  by  the  deportnient  of  bisulphide  of  carbon  and  of 
sulphuric  ether,  one  of  which  is  highly  transparent,  and  the 
other  highly  opaque  to  radiant  heat.  It  occurred  to  me  that, 
if  the  action  were  due  to  the  absorption  of  heat,  we  might 
possibly  extract  musical  sounds  from  sulphuric-ether  vapour; 
whereas  bisulphide-of-carbon  vapour  being  transparent  to 
heat-rays,  they  would  for  the  most  part  go  through  this  vapour 
unabsorbed,  and  produce  no  sonorous  effect.  1  think  Prof. 
Bell  will  bear  me  witness  as  to  the  restilt.  We  placed  a 
quantity  of  sulphui-ic-ether  vapour  in  a  test-tube,  and  allowed 
an  intermittent  beam  of  light  to  strike  upon  the  vapour  far 
above  the  liquid,  and  we  heard  distinctly  a  musical  tone  of  a 
pitch  corresponding  to  the  rapidity  of  the  flashes.  We  then 
took  the  bisulphide-of-carbon  vapour,  and  tried  it  in  a  similar 
manner,  but  neither  Prof.  Bell  nor  myself  could  hear  any 
trace  of  a  musical  sound"  *. 

*  3Ir.  Bell  has  sriven  a  perfectly  accurate  account  of  tliis  occurrence  in 
the  Philosophical  3Ligazioe,  vol.  xi.  p.  519.  With  reference  to  what 
occurred  on  the  29th  of  November  he  writes  thus  : — "  Professor  Tyndall 
at  once  expressed  the  opinion  that  the  sounds  were  due  to  rapid  changes 
of  temperature  in  the  bod}'  submitted  to  the  action  of  the  beam.  Finding 
that  no  experiments  had  been  made  at  that  time  to  test  the  sonorous 
properties  of  different  gases,  be  suggested  tilling  one  test-tube  with  the 

Fhil  Mag.  S.  5.  No.  84.  Suppl.  Vol.  13.  2  P 
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It  was  obvious,  however,  that  the  arrangement  of  Prof.  Bell 
— a  truly  beautiful  one — was  not  suited  to  brinoj  out  the 
maximum  effect.  He  had  employed  a  series  of  glass  lenses 
to  concentrate  his  beam;  and  these,  however  pure,  would,  in 
the  case  of  transparent  gases,  absorb  a  large  portion  of  the 
rays  most  influential  in  producing  sound.  This  may  be  illus- 
trated by  comparing  a  rock-salt  lens,  in  my  collection,  with  a 
glass  lens  of  the  same  focal  length  prepared  in  the  workshop 
of  M.  Duboscq.  Transmitted  through  the  former,  the  i-adia- 
tion  from  an  incandescent  platinum  spiral  produced  a  galva- 
nometric  deflection  of  55°,  possessing,  according  to  the  table 
of  calibration,  a  value  of  more  than  lOO.  Transmitted  through 
the  latter,  the  deflection  fell  to  10°,  or  to  less  than  -^  of 
the  radiation  transmitted  by  the  rock-salt.  The  -f^  here 
shown  to  be  intercepted  by  the  transparent  glass,  consist  of 
heat  on  which  transparent  gases  and  vapours  would  exert  a 
specially  absorbent  power.  Hence  the  desirability  of  main- 
taining this  important  factor,  in  the  radiation  employed  to  test 
the  sonorous  power  of  such  substances. 

It  was  with  the  view  of  preserving  intact  these  powerful 
calorific  rays  that  I  employed  in  my  experiments  on  calores- 
cence  *  small  concave  mirrors  silvered  in  front ;  and  to  these 
mirrors  I  now  resorted.  My  more  intense  sources  of  heat 
coniprised  a  Siemens  lamp  connected  with  a  dynamo-ma- 
chine; an  ordinary  electric  lamp  connected  with  a  voltaic 
battery ;  and  a  lime-light,  produced  sometimes  by  the  com- 
bustion of  oxygen  and  hydrogen,  and  sometimes  by  oxygen 
and  coal-gas.  The  lime-light  (which  was  used  by  me  in 
1859)  is  so  handy,  steady,  and  otherwise  effective,  that  I  have 
applied  it  almost  exclusively  throughout  this  part  of  the  in- 
quiry. Sources  of  heat,  however,  of  much  lower  temperature 
than  the  lime-light  have  proved  competent  to  evoke  musical 
sounds.  A  candle-flame,  a  red-hot  coal,  a  red-hot  poker,  the 
same  poker  at  the  temperature  of  boiling  water,  and  an  incan- 
descent platinum  spiral  have  all  been  proved  effective,  though 
of  course  far  less  so  than  the  concentrated  lime-light  f. 

To  produce  the  required  intermittence,  I  first  employed  a 
circle  of  sheet  zinc,  16  inches  in  diameter,  provided  with  radial 
slits.     This  was  afterwards  exchanged  for  a  second  disk  of  the 

vapour  of  sulpliuric  ether  (a  good  absorbent  of  heat),  and  another  -with  the 
Aapour  of  bisulphide  of  carbon  (a  poor  absorbent)  ;  and  he  predicted  that, 
if  any  sound  was  lieard,  it  would  be  louder  in  the  former  case  than  in  the 
latter.  The  experiment  was  immediately  made  ;  and  the  result  verified 
the  prediction." 

*  Philosophical  Transactions,  1866,  vol.  clvi.  p.  1. 

t  These  earlier  experiments  will  be  found  recorded  in  the  Proceedings 
of  the  lioyal  Society,  vol.  xxxi.  pp.  307,  478. 
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same  diameter,  but  furnished  with  circumferential  teeth  and 
interspaces.  The  disk  was  mounted  vertically  on  a  whirling- 
table,  and  caused  to  rotate  across  the  beam  near  the  focus  of 
the  concave  mirror.  Immediately  behind  the  disk  was  placed 
the  flask  containing  the  gas  or  vapour  to  be  examined,  while 
an  india-rubber  tube,  ending  in  a  hollow  cone  of  ivory  or  box- 
wood, connected  the  flask  with  the  ear.  With  this  arrange- 
ment, simple  as  it  is,  sounds  of  surprising  intensity  were 
obtained  with  all  those  gases  and  vapours  which  my  previous 
experiments  with  the  experimental  tube  and  thermopile  had 
proved  to  be  powerful  absorbers  of  radiant  heat.  The  final 
arrangement  was  that  shown  in  fig.  6. 

Fig.  G. 


The  source  of  heat  is  the  carefully  worked  and  centred 
lime-cylinder  L,  heated  by  the  oxyhydrogen  flame.  The 
rays  from  this  source  are  received  by  the  concave  mirror  R, 
and  converged  upon  the  bulb  B,  which  contains  the  substance 

2P2 
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to  be  tested.  The  bulb  is  connected  with  the  ear  by  a  piece 
of  india-rubber  tubing,  ending  in  a  tapering  tube  of  boxwood 
or  ivory.  The  intermittence  of  the  calorific  beam  is  effected 
by  the  disk  D  of  strong  cardboard,  2  feet  in  diameter,  and 
provided  at  the  circumference  with  29  teeth  and  corresponding 
interspaces*.  The  disk  is  caused  to  rotate  by  the  wheel  W, 
with  which  it  is  connected  by  a  band.  The  positions  of  the 
sonorous  bulb  and  of  its  ear-tube  are  shown  in  the  fioure. 
In  the  case  of  gases  lighter  than  air,  the  bulb  B  is  turned  up- 
side down.  With  the  heavier  gases  it  is  held  erect.  AVhen 
vapours  are  tested,  a  small  quantity  of  liquid  is  poui'ed  into 
the  bulb,  which  is  shaken  so  as  to  diffuse  the  vapour  in  the 
air  above  the  liquid.  The  bulb  is  held  so  that  the  point  of 
maximum  concentration  of  the  beam  falls  upon  it. 

With  this   apparatus   I  have  tested    more  than   once  the 
sounding-power  of  ten  gases  and  of  about  eighty  vapours. 
As  a  sound-producer  chloride  of  methyl   is  supreme.     It  is, 
however,  closely  followed  by  aldehyde,  olefiant  gas,  and  sul- 
phuric ether,  the  two  latter  being  very  nearly  equal  to  each 
other.     The  volatility  of  the  liquid  from  which  the  vapour  is 
derived  is  of  course  an  important  factor  in  the  result.     For 
however  high  the  inherent   capacity  of  the  molecule  as  an 
absorber  may  be,  if  the  molecules  be  scanty  in  number  the 
effect  is  small.     Feeble  vapours,  on  the  other  hand,  may  to 
some  extent  atone  by  quantity  for  the  inherent  weakness  of 
their  molecules.     A  few  examples  will  suffice  to  show  how 
the    specific  action  of  the  molecules  overrides  the  effect  of 
volatility.       Bisulphide   of  carbon,   with    a  boiling-point   of 
43*^  C,  is  less  powerful  than  acetic  ether,  with  a  boiling-point 
of  74°.     Tetrachloride  of  carbon  boils  at  77°;  but  its  sound  by 
no  means  equals  that  of  acetal,  which  boils  at  104°.     Chloro- 
form, with  a  boiling-point  of  61°,  is  less  powerful  as  a  sound- 
producer  than  valeral,  with  a  boiling-point  of  100°,  or  even 
than  valerianic  ether,  with  a  boiling-point  of  144°.     Cyanide 
of  methyl  boils  at  82° — but  produces  less  sound  than  acetate 
of  propyl,  with  a  boiling-point  of  102°.     In  the  experimental 
tube  these  vapours  follow,  as   absorbers,   the   order  of  their 
sounds.     When  tested  in  liquid  layers  they  folloAv  the  same 
order.    I  have  examined  about  a  score  of  liquids  with  boiling- 
points  varying  from  163°  to  308°.     At  ordinary  temperatures 
the  vapours  of  these  liquids  were  practically  inaudible;  the 
liquids  being  plunged  in  a  bath  of  heated  oil  the  vapours  so 
produced  emitted^  for  the  most  part,  powerful  sounds.     The 

*  Intermittence  is  sometimes  produced  by  the  series  of  equidistant  cir- 
cular apertures  shown  in  the  figure. 
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measured  absorptions  of  a  sufficient  number  of  substances,  in 
relation  to  their  sounding-power,  shall  be  tabulated  imme- 
diately. 

The  fact  is  worth  a  passing  reference,  that  the  chlorides  of  the 
elements  appear  one  and  all  to  be  feeble  sound-producers, 
because  they  are  one  and  all  feeble  absorbers  of  radiant  heat. 
Many  years  ago  I  had  found  them  highly  diathermanous,  and 
accepted  chloride  of  sodium  as  representative  of  the  class. 
Silicium  chloride,  for  example,  though  very  volatile,  is  weak  as 
a  sound-producer.  Tetrachloride  of  carbon  and  terchloride 
of  phosphorus  are  also  volatile,  but  not  strong.  Bichloride  of 
tin,  chloride  of  arsenic,  chloride  of  titanium,  and  chloride  of 
sulphur  are  all  feeble  sound-producers.  In  these  three  cases 
the  boiling-points  are  high:  but  non-volatility  is  not  the  cause 
of  the  weakness;  for  when  the  vapours  are  raised,  by  heating 
their  liquids,  almost  to  the  pi-essure  of  the  atmosphere,  they  are 
still  but  feebly  sonorous.  Whatever,  then,  the  condition  may 
be  which  renders  these  substances  pervious  to  radiant  heat,  it 
appears  to  be  a  condition  common  to  them  all. 

In  experiments  with  the  chlorides  care  must  be  taken  to 
abolish  all  fumes.  Bichloride  of  tin  sounds  loudly  with  fumes, 
but  is  weak  without  them.  Simply  heating  the  upper  part  of 
the  flask  frequently  suffices  to  lower  the  sounds  from  loudness 
almost  to  silence. 

The  universality  of  its  presence,  and  the  discussions  which 
it  has  provoked,  rendered  the  action  of  water- vapour  especi- 
ally interesting  to  me.  I  did  not  imagine  at  the  outset  that 
the  modicum  of  vapour  diffused  in  atmospheric  air  at  ordinary 
temperatures  could  produce  sonorous  pulses  of  sensible  in- 
tensity. In  my  first  experiment,  therefore,  I  warmed  water 
in  a  flask  nearly  to  its  boiling-point.  I  heated  the  flask  above 
the  water  with  the  spirit-lamp  flame,  thus  dissipating  every 
trace  of  haze,  and  then  exposed  the  clear  vapour  to  the  inter- 
mittent beam.  The  experiment  was  a  virtual  question  put  to 
the  vapour  as  to  whether  I  was  right  or  wrong  in  ascribing 
to  it  the  power  of  absorbing  radiant  heat.  The  vapour  an- 
swered by  emitting  a  musical  note  which,  when  properly  con- 
verged upon  the  tympanum,  seemed  as  loud  as  the  peal  of  an 
organ.  When  the  temperature  was  lowered  from  100°  C.  to 
10°  C,  the  sound  did  not  vanish,  as  I  expected  it  would.  It 
remained  not  only  distinct  but  strong.  The  flasks  employed 
in  these  experiments  were  dried  in  a  variety  of  ways,  of  which 
I  have  already  given  some  account,  and  which  will  suggest 
themselves  to  every  experimenter  in  this  field.  Taken  open 
from  the  laboratory,  and  exposed  to  the  intermittent  beam, 
the  flasks  are  always  to  some  extent  sonorous.    Placed  beside 
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sulphuric  acid  underneath  the-  receiver  of  an  air-pump,  and 
permitted  to  dry  there,  they  are  reduced  to  silence.  The 
slightest  invasion  of  humid  air  renders  them  again  sonorous. 
BreathintT  for  a  moment  into  a  dried  and  silent  flask,  a  loud 
sounding-power  is  immediately  manifested. 

Flasks  without  lips  have  been  specially  blown  for  these 
experiments,  the  india-rubber  tubing  being  readily  pushed 
over  their  necks.  Large  flasks  are  not  the  most  suitable.  To 
produce  effective  pulses,  sudden  and  intense  expansions  and 
contractions  are  required;  and  these  are  best  obtained  when 
the  beam,  at  its  place  of  maximum  concentration,  covers  a 
large  portion  of  the  matter  in  the  flask.  Thin  bulbs  about  a 
cubic  inch  in  volume  are  both  handy  and  effective ;  but  the 


bulb  may  be  reduced  to 


5  0? 


or  even 


100^ 


of  a  cubic  inch 


without  rendering  the  sound  insensible.  A  speck  of  water 
introduced  into  such  tiny  bulbs,  when  vaporized  by  heat, 
produces  sounds  which  are  not  only  sensible,  but  loud.  A 
series  of  bulbs  which  I  have  actually  employed  in  my  experi- 
ments are  represented  in  their  natural  dimensions  in  fig.  7. 

Fig.  7. 


fCZ:?! 


O    0 


It  cannot  be  necessary  to  state  that  the  absorption  which 
produces  the  pulses  is  direct  and  immediate,  being  the  act  of 
the  gaseous  molecules.  The  pulses  are  not  due  to  the  heating 
of  the  glass  envelope  and  the  communication  of  its  heat  to 
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what  it  contains  ;  for,  were  this  the  mode  of  heating,  air 
would  be  as  sonorous  as  olefiant  gas.  Nor  are  the  pulses  due 
to  the  sudden  vaporization  of  a  liquid  layer  which  might  be 
supposed  to  overspread  the  interior  of  the  flask.  When  water 
at  a  low  temperature  is  purposely  caused  to  cover  the  interior 
surface,  exposure  to  the  beam  produces  sound  of  a  certain 
intensity.  When  the  flask  is  so  heated  in  a  spirit-flame  as  to 
chase  away  every  trace  of  the  adherent  liquid,  the  exposure 
of  the  pure  vapour,  then  within  the  flask,  to  the  beam, 
generates  a  sound  far  louder  than  that  produced  when  the 
liquid  film  was  there.  Holding  the  bulb  containing  the  hot 
vapour  for  a  little  time  in  the  intermittent  beam,  its  tempera- 
ture falls,  the  quantity  of  vapour  diminishes,  and  the  sound 
sinks  in  intensity.  On  quitting  the  spirit-flame,  the  bulb  in 
some  cases  must  have  been  near  a  red  heat;  but  even  at  this 
temperature  the  vapour  sounded  loud. 

It  has,  I  think,  been  amply  shown  that  when  the  molecules 
of  a  liquid  are  rendered  free  by  vaporization  they  carry  with 
them  their  absorbent  power,  liquids  and  vapours  being  per- 
vious and  impervious  to  the  same  quality  of  heat.  Hence  the 
inference,  that  prior  transmission  through  a  liquid  of  sufficient 
thickness  ought  so  to  sift  a  calorific  beam  as  to  render  it 
powerless  to  act  on  the  vapour  of  that  liquid.  Even  with  the 
loudest-sounding  vapours  this  proves  to  be  the  case,  a  layer  of 
liquid  ^  of  an  inch  thick  being  found  generally  sufficient  to 
deprive  the  beam  of  its  efficient  rays,  and  the  vapour  of  its 
sounding-power. 

In  transparent  liquids,  the  visible  rays  have  free  transmis- 
sion; the  destruction  of  sounding-power  by  such  liquids  must 
therefore  be  due  to  the  absorption  of  the  invisible  calorific 
rays.  This  induction,  which  hardly  needs  verification,  is 
nevertheless  capable  thereof.  Many  years  ago  I  pointed  out 
the  astonishing  transparency  of  dissolved  iodine  to  the  in- 
visible heat-rays.  Placed  in  the  path  of  the  intermittent  beam, 
a  layer  of  this  substance,  perfectly  opaque  to  light,  does  not 
sensibly  diminish  the  sound  of  transparent  gases  and  vapours. 
To  such  substances  the  iodine  is  exactly  complementary, 
arresting  the  rays  which  they  transmit,  transmitting  the  rays 
which  they  absorb,  and  therefore  not  interfering  with  the 
sounding-power. 

That  sounds  may  also  be  produced  by  the  absorption  of  the 
visible  rays  is  well  exemplified  by  the  deportment  of  iodine 
and  bromine  vapours,  both  of  which  yield  with  the  lime-light 
forcible  sounds.  Here  the  intervention  of  a  transparent  liquid, 
however  adiathermanous  it  may  be,  produces  no  sensible  effect 
upon  the  sound,  the  reason  being  that  it  permits  the  particular 
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rays  which  act  upon  the  coloured  vapours  to  pass  freely 
through  it.  A  layer  of  dissolved  iodine,  on  the  other  hand, 
deprives  the  beam  of  its  power  of  evoking  sounds  from  either 
iodine  or  bromine  vapour. 

The  rotation  which  produces  the  maximum  effect  is  soon 
ascertained  by  experiment.  The  sound  is  loudest  when  the 
pulses  succeed  each  other  in  periods  which  invoke  the  reson- 
ance of  the  flask.  I  possess  a  hollow  cone  with  a  Avell-polished 
rock-salt  base,  by  which  this  point  is  well  illustrated.  Filling 
this  cone  with  chloride  of  methyl,  while  the  base  is  turned 
towards  the  source  of  heat,  the  apex  of  the  cone  being  con- 
nected by  a  tube  with  the  ear,  sounds  of  extraordinary  in- 
tensity are  produced.  Abandoning  the  ear-tube,  the  sound 
can  be  heard  at  a  distance.  But  to  obtain  this  effect  the  speed 
of  rotation  must  be  definite  and  constant.  The  maximum 
sound  once  obtained,  either  the  lowering  or  the  heightening 
of  the  speed  rapidly  enfeebles  it.  It  is  difficult  by  hand- 
turning  to  keep  the  rate  of  rotation  constant.  Hence  the 
desirability  of  a  mechanical  arrangement  which  would  ensure 
the  proper  rapidity  and  necessary  uniformity.  One  or  two 
motive  powers  have  been  tried,  including  a  small  steam-engine 
and  an  electro-magnetic  engine;  but  the  arrangement  has  not 
yet  been  brought  to  perfection. 

§  9.  Manometric  measurements. 

Some  time  before  the  visit  of  Prof.  Graham  Bell  in  November, 
1880,  I  had  inserted  into -my  old  experimental  brass  cylinder 
a  narrow  tube  of  glass,  which,  being  bent  at  a  right  angle  a 
few  inches  above  the  cylinder,  could  hold  an  index  of  coloured 
liquid  in  its  horizontal  portion.  I  had  long  known  that  the 
absorption  of  radiant  heat  must  be  accompanied  by  the  ex- 
pansion of  the  absorbing  body,  but  thought  that  such  expan- 
sion would  fui'nish  only  a  rough  measure  of  the  absorption. 
With  ordinary  sources  of  heat  I  found  the  expansion  small, 
even  when  sulphuric  ether  occupied  the  experimental  tube  ; 
but  when  a  pair  of  stout  carbons,  rendered  incandescent  by  a 
Siemens  machine,  were  employed  as  a  source,  the  liquid  index 
was  driven  forcibly  out  of  the  narrow  glass  tube. 

The  experimental  tube,  however,  was  but  a  rude  mano- 
meter; and  I  therefore  sketched  and  described  to  my  assistant 
at  the  time,  Avith  a  view  to  its  construction,  a  handier  instru- 
ment. The  apparatus  AA'as  to  consist  of  a  short  tube  with 
rock-salt  ends,  capable  of  being  exhausted  and  filled  Avith  any 
required  gas  or  A^apour.  Through  this  tube  it  Avas  proposed 
to  send  a  concentrated  calorific  beam,  AA'hose  action  on  an 
absorbent  gas  or  A'apour  should  be  declared  by  the  depression 
of  a  liquid  column  in  one  leg  of  a  U  tube,  and  its  elevation  in 
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the  other.  Two  rock-salt  plates  were  to  be  employed,  with  the 
view  of  allowing  the  beam  free  escape  from  the  tube  after  it 
had  done  its  work  upon  the  gas  or  vapour.  The  warming  of 
the  apparatus  by  the  reverberation  of  the  heat  would  be  thus 
avoided.  The  point  aimed  at  was  to  effect  the  expansion  of 
the  gaseous  body  purely  by  radiant  heat,  and  undisturbed  as 
far  as  possible  by  heat  derived  from  the  envelope*. 

A  number  of  manometric  tubes  of  different  lengths  and 
materials  were  constructed  on  this  principle,  some  being  of 
glass  and  some  of  metal.  The  instrument  with  which  the 
measurements  now  to  be  recorded  were  executed  is  represented 
in  fig.  8.  T  T^  is  a  glass  tube  4  inches  long  and  3  inches  in 
diameter.     It  is  provided  with  brass  flanges  at  the  ends  which 

Fig.  8. 


*  Professor  liontgen  was,  I  believe,  the  first  to  turn  the  expansion  of 
gases  to  account  in  demonstrating  the  absorption  of  radiant  heat.     The 
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reduce  the  diameter  to  2*5  inches.  Against  these  flanges, 
transparent  plates  of  rock-salt  are  fixed  air-tight.  The  tight- 
ness of  the  tube  was  secured,  sometimes  by  india-rubber 
washers  properly  greased,  and  sometimes  by  cement*.  A 
stop-cock  a  near  one  end  of  T  H'  was  connected  Avith  a  baro- 
meter-tube and  an  air-pump.  A  T  piece  at  the  other  end 
was  connected  on  the  one  side  with  a  purifying-apparatus  (not 
shown),  consisting  of  two  U  tubes,  one  containing  fragments 
of  Carrara  marble  wetted  with  caustic  potash,  the  other  con- 
tainino-  fragments  of  glass  wetted  with  sulphuric  acid.  Before 
entering  these  U  tubes  the  air  was  freed  from  suspended  mat- 
ter by  a  plug  of  cotton -wool.  On  the  other  side,  the  T  piece 
was  connected  with  a  quill  tube  of  glass  bent  into  the  shape 
of  a  U,  in  the  two  legs  of  which  a  coloured  liquid  stood  at 
the  same  level.  The  liquid  column  when  standing  at  the  same 
level  in  both  arms  of  the  U  was  350  millim.  high  in  each, 
while  the  free  leg  of  the  U  rose  to  a  height  of  about  500  mil- 
lim. above  the  surface  of  the  liquid  (shortened  in  the  figure). 
The  source  of  heat  was  the  lime-cylinder  L,  rendered  incan- 
descent by  a  flame  of  coal-gas  and  oxygen.  The  rays  from 
the  lime-cylinder  were  received  by  a  concave  mirror  R  silvered 
in  front,  and  sent  by  it  in  a  convergent  beam  through  the 
manometer-tube.  The  focus  of  the  beam  was  within  the  tube 
and  near  its  most  distant  end.  The  gas  and  oxygen  were 
supplied  from  gas-holders  specially  constructed  for  these  and 
similar  experiments — long  experience  of  the  futility  of  gas  from 
the  public  mains,  or  compressed  in  iron  bottles,  having  shown 
independent  gas-holders  which  could  be  kept  at  an  unalterable 
pressure  to  be  essential. 

The  experiments  were  conducted  thus  : — A  test-tube  t, 
plunged  in  water  held  by  the  glass  g,  contained  the  liquid 
whose  vapour  was  to  be  examined.  Through  a  cork  which 
stopped  the  test-tube  passed  a  narrow  tube  of  glass,  ending  in 
a  small  orifice  near  the  bottom  of  the  test-tube,  and  at  a  con- 
siderable depth  below  the  surface  of  the  liquid.  To  augment 
this  depth,  and  to  economise  the  liquid,  the  lower  part  of  the 
test-tube  was  draw^n  out  to  half  the  diameter  of  its  upper  part. 
A  second  narrow  tube  passed  also  air-tight  through  the  cork, 
and  ended  immediately  beneath  it.  Both  tubes  were  bent  at 
a  right  angle  above  the  cork.  The  manometric  tube  being 
exhausted,  air  freed  from  its  carbonic  acid,  its  moisture,  and 


very  day,  moreover,  on  which  I  made  my  communication  to  the  Society 
of  telegraphic  Engineers,  viz.  the  8th  of  December,  1880,  he  forwarded 
to  a  scientific  journal  the  announcement  of  his  having  obtained  sounds 
from  coal-gas  and  ammonia  (see  Wiedemann's  Annalen,  Jan.  1881).  His 
subsequent  experiments  with  aqueous  vapour  kc.  agree  with  mine. 

*  The  absorption  of  the  vapours  by  india-rubber  (which  was  in  some 
cases  extraordinary)  caused  the  washers  to  be  abandoned. 
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its  suspended  matter  was  allowed  to  bubble  through  the 
liquid  in  the  test-tube,  and  to  pass  thence  into  the  manometric 
tube.  To  spare  the  oxygen  in  the  gas-holder  it  was  cut  off 
during  the  interval  between  two  consecutive  experiments,  the 
coal-gas  being  kept  continually  alight.  When  the  manometric 
tube  Avas  filled,  which  was  always  accomplished  through  an 
orifice  of  fixed  dimensions,  the  oxygen  was  turned  on,  and 
the  cylinder  was  allowed  to  remain  for  one  minute  under  the 
action  of  the  intensified  flame.  During  this  time  a  double 
silver  screen  S  intercepted  the  radiation.  At  the  end  of  a 
minute  this  screen,  which  moved  on  an  hinge,  was  withdrawn, 
the  beam  then  passing  through  the  mixed  air  and  vapour. 
The  liquid  standing  in  the  adjacent  leg  of  the  narrow  U  tube 
was  immediately  depressed,  that  in  the  opposite  leg  being 
equally  elevated.  The  rise  of  this  latter  column  above  its 
starting-point,  marked' zero  on  a  millimetre-scale,  was  accu- 
rately measured.  Double  this  rise  gave  the  difference  of  level 
in  the  two  legs  of  the  U;  and  this  "water-pressure"  expressed 
the  augmentation  of  elastic  force  by  the  absorption  of  radiant 
heat. 

Here  follow  a  certain  number  of  the  measurements  which 
have  been  thus  made.  They  do  not  comprise  the  whole  of 
the  substances  examined. 

Table  Y. — Yapours. 
Increase  of  Elastic  Force  by  Radiant  Heat. 

Boilinar-  Mean  water-    Character 


Name  of  Liquid. 

poiut. 
o 

pressure, 
millim. 

of  s 

ound. 

1.   Sulphuric  ether    .     . 

.     35 

300 

Yery 

strong. 

2.  Hydride  of  amyl . 

.     30 

279 

3.  Acetone 

.     58 

267 

4.  Bromide  of  ethyl .     . 

.     39 

264 

5.  Formic  ether   .     .     . 

.     55 

261 

6.  Acetic  ether     .     .     . 

.     74 

248 

7.  Acetal 

.  104 

237 

8.  Chloride  of  allyl  .     . 

.     46 

235 

9.  Iodide  of  methyl  .     . 

.     45 

233 

10.  Dichloride  of  ethidene 

.     57 

217 

Strong. 

11.  Nitrate  of  ethyl    .     . 

.     86 

208 

12.  Nitrite  of  amvl     .     . 

.     99 

205 

13.  Chloride  of  butyl.     . 

.     69 

185 

14.  Butyric  ether  .     .     . 

.  121 

183 

15.  Formic  acid     .     .     . 

.     99 

180 

16.  Yaleral 

.  100 

172 

17.  Yalerianic  ether    .     . 

.  144 

168 

18.  Acetate  of  propvl.     . 

.  102 

166 

19.  Methylic  alcohol  .     . 

162 
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Table  V.  (continued). 

Boilinj?-  Mean  water-     Character 


20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
SO. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 


Name  of  Liquid. 

Iodide  of  ethyl 
Bromide  of  butyl . 
Dutch  liquid    . 
Acetate  of  butyl  . 
Benzol   .... 
Carbonic  ether 
Chloride  of  amyl  . 
Chloropicrin    . 
Iodide  of  allyl. 
Chloroform 
Iodide  of  butyl     . 
Allylic  alcohol 
Bisulphide  of  carbon 
Bromide  of  amyl . 
Cyanide  of  ethyl  . 
Butyl  alcohol  . 
Nitrate  of  amyl    . 
Oxalate  of  ethyl   . 
Cyanide  of  methyl 
Tetrachloride  of  carbon 
Bromoform 
Xylol      .... 
Amylic  alcohol 
Iodide  of  amyl 
Terebine 

Cymole  .... 
Butyric  acid    . 
Butyrate  of  amyl. 
Caprylic  alcohol  . 
Valerianic  acid     . 
Pure  aniline    . 
CEnanthic  ether   . 
Valerianate  of  amyl . 
Salicvlous  acid 
Caproic  acid    . 
Nitro-benzol    . 
Kreosote    .     . 
Menthol      .     . 
Chinoline   . 
Eugenol      .     . 


Nicotine     .     .     . 
Monobromnaphthaline 
Sebacic  ether  .     .     , 


o 

point. 

o 

72 

92 

85 

114 

81 

126 

102 

112 

101 

61 

121 

97 

43 

119 

98 

110 

147 

82 
77 

150 

140 

130 

146 

160 

175 

163 

176 

180 

175 

184 

188 

196 

196 

205 

205 

210 

213 

238 

247 

250 

277 

308 


pressure, 
millim. 

148 

134 

127 

120 

117 

108 

105 

94 

92 

89 

88 

84 

81 

78 

77 

72 

67 

64 
58 
44 
44 
42 
42 
39 
38 


of  sound. 
Moderate. 


« 

}) 
}) 
}} 
}) 
}f 

» 
}} 
)) 

}} 

Weak. 
» 

)) 
}} 
a 
)■> 
}} 
j» 
JJ 
JJ 


Very  small  absorptions 
and  very  feeble  sounds 
at  ordinary  tempera- 
tures. Sounds  in 
most  cases  very  strong 
when  liquid  is  heated 
to  its  boiling-point. 
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Table  VI. — Gases. 

Name  of  Gas.  Water-pressure.    ] 

millim. 

Chloride  of  methyl 350 

AlJebjJe 325 

Olefiant  gas 315 

Sulphuric  ether 300 

Nitrous  oxide 198 

Marsh -gas 1G4 

Carbonic  acid 144 

Carbonic  oxide 116 

Oxygen 5 

Hydrogen ,     .     ,     .     .  5 

Nitrogen 5 

Dry  air 5 

Humid  air  at  50°  C 130 

Sulphuric  ether  is  here  inserted  with  the  view  of  connecting 
this  Table  with  the  last.  Of  all  gaseous  bodies  hitherto 
examined,  chloride  of  methyl  is  the  most  energetic  absorber 
and  the  most  powerful  sound-producer.  After  it  comes  alde- 
hyde, with  a  boiling-point  of  21°  C.  The  figure  5  attached 
to  the  elementary  gases  and  to  dry  air  expresses,  not  ab- 
sorption of  radiant  heat,  but  expansion,  due  to  contact 
with  the  slightly  warmed  apparatus.  The  nitrous  oxide  em- 
ployed was  derived  from  an  iron  bottle,  in  which  it  was  pre- 
served for  medical  purposes.  In  some  of  my  experiments 
marsh-gas  showed  itself  a  better  absorber  than  nitrous  oxide. 
This,  for  instance,  was  the  case  in  experiments  made  in  the 
spring  of  1880  with  the  manometer.  The  sample  of  marsh- 
gas  wherewith  the  foregoing  result  was  obtained  was  very 
carefully  prepared  in  our  chemical  laboratory. 

The  temperature  of  50°  C.  in  the  case  of  humid  air  was 
obtained  in  a  wooden  shed  erected  in  our  laboratory.     The 
shed  is  traversed  by  two   tubes  of  sheet  iron  4  inches  in 
diameter,  which  carry  the  heated  air  and  products  of  combus- 
tion from  two  large  ring  burners.     It  is  8'  Q"  long,  Af  ?>"  wide, 
and  7   feet  high.     The  temperature  of  the  air  within  it  can 
be  readily  raised  to  60°  C.     In  the  experiment  recorded  in 
Table   VI.   the  air  was   taken   from  the   outside  laboratory 
through  a  tube  passing  through  the  wooden  wall  of  the  shed. 
It  was  caused  to  bubble  through  water  contained  in  a  large 
flask  which  had  been  permitted  to  remain  for  some  time  in 
the  warm  shed.     The  mixed  air  and  vapour  entered  the  manc- 
meter-tube  at  a  temperature  some  degrees  lower  than  that  of 
the  tube  itself.     Closely  examined,  all  parts  of  this  tube  were 
bright  and  dry  when  the  vapour-laden  air  was  within  it.     On 
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permitting  tlie  beam  from  the  lime-light  (produced  by  coal-gas 
and  oxygen)  to  pass  through  the  mixture,  a  prompt  rise  of 
65  millim.  was  the  consequence.  Cutting  the  beam  off,  the 
column  rapidly  returned  to  zero.  The  double  of  65,  or  130 
millim.,  gives  the  difference  of  level  in  the  two  legs  of  the 
U  tube. 

I  liave  done  my  best  to  render  these  determinations  correct. 
They  have  been  repeated  both  by  myself  and  my  assistant"^  a 
great  number  of  times.  The  first  measurements  Avere  made 
in  the  early  part  of  last  year,  and  were  made  known  in  the 
Royal  Institution  on  the  8th  of  April,  1881.  Difficulties  were 
encountered  in  obtaining  a  powerful,  and  at  the  same  time 
constant,  source  of  heat.  The  mixture  of  coal-gas  and  oxvo-en 
issuing  from  independent  holders  was  finally  resorted  to. 
The  sounds  are  classified  into  "very  strong-/'  stroncr,'^  &c.: 
but  it  is,  of  course,  impossible  to  say  where  one  class  ends 
and  another  begins.  They  shade  gradually  into  each  other. 
But  if  the  middle  members  of  any  class  be  compared  with  the 
corresponding  members  of  another  class,  the  difference  of 
sounding-power  will  appear. 

§   10.  Application  of  Results  to  Meteorology. 

If  it  be  at  length  conceded  that  aqueous  vapour  exerts  upon 
radiant  heat  the  action  which  I  so  lono-  ao-o  ascribed  to  it, 
I  think  the  knowledge  of  this  action  will  prove  of  importance 
to  the  scientific  meteorologist.  Meteorology,  as  connected 
with  heat,  seems  to  me  to  abound  in  facts  which  it  has  hitherto 
been  incompetent  to  explain.  This,  for  example,  I  hold  to 
be  the  case  as  regards  the  celebrated  observations  of  Patrick 
AVilson  of  Glasgow,  made  a  century  ago.  Wilson  brought 
strongly  into  liu'lit  the  orreat  differences  which  sometimes  exist 
between  the  temperature  of  the  earth's  surface  and  of  the  air 
at  a  small  elevation  above  the  surface.  His  letter  to  Dr.  Mas- 
kelyne  on  this  subject  is  published  in  the  Philosophical  Trans- 
actions for  1780,  under  the  title: — "An  Account  of  a  most 
extraordinary  degree  of  Cold  at  Glasgow,  together  with  some 
new  Experiments  and  Observations  on  the  comparative  Tem- 
perature of  Hoar  Frost  and  the  Air  near  it."  On  the  after- 
noon of  the  13th  of  January,  1780,  the  cold  was  intense,  a 
thermometer  at  the  high  window  of  the  observatory  pointing, 
at  7  P.M.,  to  0°  Fahr.  At  8  p.m.,  Wilson  and  Dr.  Irvine  laid 
two  thermometers  upon  the  snow,  and  hung  up  two  others  in 
the  air  2  feet  above  the  snow.  Here  follow  the  temperatui-es 
observed  on  the  evening  of  the  13th  and  on  the  morning  of 
the  14th  of  January  : — 
*  Who  has  aided  me  in  this  investigation  with  his  usual  zeal  and 
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The  sion  —  signifies  that  the  temperatures  were  all  below 
zero  Fahrenheit.  These  temperatures  amply  justify  Wilson^s 
statement  that  the  cold  was  "  extraordinary."  Coexistent 
moreover  with  the  general  cold,  we  have  a  diiFerence  of  1Q° 
between  the  temperature  of  the  surface  and  that  of  the  air 
2  feet  above  it.  Had  the  air-thermometer  been  hung  10  feet 
instead  of  2  feet  above  the  surface,  the  difference  would  have 
been  still  greater.  The  thermometer,  moreover,  must  have 
been  chilled,  not  only  by  its  immersion  in  cold  air,  but  also 
l)y  its  own  radiation  against  the  intensely  cold  snow.  The 
chilling  of  the  superficial  snow  was  purely  an  effect  of  radia- 
tion. Beneath  the  surface  its  temperature  reached  + 14°. 
Wilson  filled  a  bread-basket  with  this  warm  snow  at  2^  a.m. 
on  the  14th.  Within  half  an  hour  it  had  fallen  24°,  and  in 
two  hours  32°. 

I  venture  to  predict  that  if  Wilson's  experiment  be  repeated 
during  the  cold  of  a  Canadian  winter  the  same  result  will  be 
obtained  ;  and  it  seems  to  me  that  until  the  action  of  water- 
vapour  upon  radiant  heat  had  been  discovered,  no  explanation 
of  the  phenomenon  could  have  been  given.  It  was  accepted, 
but  not  accounted  for.  On  the  night  of  Wilson^s  observations 
"  a  light  air  Avas  felt  coming  from  the  east.''^  With  such  an 
"air"  and  such  a  temperature  the  quantity  of  water- vapour 
in  the  atmosphere  must  have  been  infinitesimal.  Dry  air 
being  a  practical  vacuum  to  the  rays  of  heat,  were  the  vapour- 
screen  entirely  removed,  the  earth  would  find  itself  exchano-ijio- 
temperatures  Avith  celestial  space,  and  the  superficial  chill 
would  be  commensurate.  In  Wilson's  case,  though  vapour 
was  not  abolished,  it  was  so  far  diminished  as  to  produce  the 
observed  refrigeration.  Meteorologists,  I  am  informed,  some- 
times say  that  laboratory  experiments,  however  well  performed, 
have  but  little  application  to  their  field  of  observation*.     I, 

*  Mr.  Hill,  the  Meteorological  reporter  for  tlie  Nortli-westeru  Provinces 
of  India,  writes  thus  : — "  There  is  even,  on  the  part  of  some,  an  evident 
reluctance  to  accept  the  decision  of  laboratory  experiments  on  the  ques- 
tion of  atmospheric  absorption  as  final,  however  ingenious,  varied,  and 
consistent  Avith  one  another  the  experiments  may  be  "  (Proc.  Eoy.  Soc. 
vol.  xxxiii.  p.  216). 
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on  the  other  hand,  submit  that  such  experiments  are  necessary 
to  rescue  their  science  from  empiricism.  What  could  Wells 
have  done  with  dew  had  he  not  been  preceded  by  Leslie  and 
Eumford  ?  His  whole  theory  is  an  application  of  results  ob- 
tained in  the  laboratory  *. 

What  I  have  stated  regarding  Wilson  applies  also  to  Six, 
who  concluded  from  his  experiments  "  that  the  greatest  dif- 
ferences at  night  in  point  of  temperature,  bet\A-een  bodies  on 
the  surface  of  the  earth  and  the  atmosphere  near  it,  are  those 
which  take  place  in  very  cold  weather."^  This  is  quoted  from 
Wells  t,  ^vho,  in  his  essay  on  Dew,  recurs  more  than  once  to 
the  subject.  He  signalizes,  but  does  not  explain,  "  the 
greater  ditFerence  which  takes  place  in  very  cold  weather,  if  it 
be  calm  and  clear,  between  the  temperatures  of  the  air  and  of 
bodies  on  the  earth  at  night,  than  in  equally  calm  and  clear 
w^eather  in  summer  ^' if.  A  considerable  number  of  observations 
bearing  upon  this  point  are  scattered  through  the  essay.  The 
radiant  po^A'er  of  the  air  being  practically  nil,  it  retains  for  a 
considerable  time  the  warmth  imparted  to  it  during  the  day, 
while,  when  it  is  dry,  the  rays  from  the  surface  of  the  earth 
pass  unimpeded  through  it.  Hence  the  relative  refrigeration 
of  the  surface  § . 

In  regard  to  the  action  of  water-vapour  Magnus  considered 
experiment  superfluous,  as  the  phenomenon  of  dew  sufiiced  to 
prove  me  wrong.  If  the  vapour  possessed  the  power  which 
1  ascribed  to  it,  he  contended  that  dew  could  not  be  formed. 
It  is  not  difficult  to  dispose  of  this  objection.  The  formation 
of  dew  and  superficial  refrigeration  are  connected,  not  by 
coincidence,  but  by  opposition.  I  would  venture  to  predict 
that  where  the  one  is  great  the  other,  in  general,  will  be  small. 
"  Very  little  dew,"  says  Wells,  "  appeared  on  the  two  nights 
of  the  greatest  cold  I  have  ever  observed  on  the  surface  of 

*  "  Its  complete  tlieory,"  says  Wells,  "  could  not  possibly,  in  my 
opinion,  liave  been  attained,  before  the  discoveries  on  beat  were  made, 
which  are  contained  in  the  works  of  Mr.  Leslie  and  Count  Rumford  " 
(Essays,  p.  191). 

t  Essays,  p.  176.  Wells  thus  generously  refers  to  the  labours  of 
Wilson: — "Indeed,  several  of  my  experiments  upon  dew  ^ere  only  imi- 
tations of  some  which  had  been  previously  made  on  hoar  frost,  by  that 
ingenious  and  worthy  man  '"  (Essavs,  p.  151). 

X  Ibid.  p.  188. 

§  It  ougbt  to  be  stated  that,  contrary  to  Six  and  to  Wells,  Mr.  Glaisher 
has  found  that  "  the  differences  between  the  temperature  of  the  air  and 
of  bodies  on  the  earth  at  night,  in  equally  clear  and  calm  weather,  were 
the  same  at  every  period  of  the  year ''  (Phil.  Trans.  1847,  p.  126).  He 
moreover  records  dilferences  considerably  in  excess  of  those  observed  by 
Wilson  and  by  Wells.  Keeping  the  action  of  aqueous  vapour  in  view, 
the  elaborate  paper  of  Mr.  Glaisher  might  repay  fm-ther  discussion. 
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the  earth,  relatively  to  the  temperature  of  the  air,  both  of 
them  having  occurred  after  a  long  tract  of  dry  weather"*. 
This  evidence  is  specially  valuable  in  view  of  the  fact  that 
Wells  knew  nothing  of  the  action  of  water-vapour  on  radiant 
heat.  On  another  occasion  he  observed  a  difference  of  9^ 
degrees  between  the  temperature  of  the  air  and  that  of  wool 
placed  upon  the  earth,  without  any  deposition  of  dew  whatever 
upon  the  chilled  wool  f.  He  supplements  these  observations 
by  one  equally  important  in  the  opposite  direction.  "  On  the 
night/'  he  writes,  "which  afforded  the  most  copious  dew  ever 
observed  by  me,  the  cold  possessed  by  the  grass  beyond  that 
of  the  air  was  for  the  most  part  only  3°  and  4,° '^X.  The 
smallness  of  the  refrigeration  in  this  instance,  and  the  copious- 
ness of  the  dew,  I  refer  to  one  and  the  same  cause,  namely 
the  abundance  of  vapour.  Heavy  dew  implies  this  abundance  ; 
abundant  vapour,  if  not  too  local,  implies  checked  radiation; 
and  checked  radiation  tends  to  abolish  the  difference  of  tem- 
perature between  air  and  soil. 

Wells  had  a  theory  of  his  own  to  account  for  the  association 
of  moderate  refrigeration  and  heavy  dew.  The  heat  rendered 
free  by  the  condensation  of  the  vapour  to  liquid  "  prevented '^ 
the  cold.  He  tried  to  determine  the  effect  of  condensation 
by  the  folloAving  experiment  §.  To  10  grains  of  wool  he 
added  21  grains  of  water,  this  being  the  quantity  of  dew  de- 
posited on  wool  in  one  of  his  observations.  He  placed  the 
moistened  wool  in  a  saucer  on  a  feather-bed  in  a  room,  and 
determined  the  chill  produced  by  its  evaporation.  After 
eight  hours,  while  the  wool  still  retained  2^  grains  of  mois- 
ture, its  temperature  was  4°  lower  than  that  of  a  dry  saucer 
placed  near  it  on  the  same  feather-bed.  When  the  process  is 
reversed,  condensation  instead  of  evaporation  coming^into  play, 
the  foregoing  amount  of  heat.  Wells  contended,  would  be  libe- 
rated on  the  grass,  and  thus  prevent  inordinate  refrigeration. 
In  thus  reasoning  Wells  went  to  the  limit  of  the  knowledge 
of  his  time;  and  the  explanation  here  given  is  a  philosophical 
one.  But  I  do  not  think  it  a  sufficient  explanation.  The 
grass  is  exposed  to  the  open  atmosphere ;  and  the  heat  deve- 

*  Essays,  p.  186. 

t  Ibid.  p.  183.  Wells  sometimes  found  wetted  wool  to  lose  weight, 
while  dry  wool  gained  no  -weight  though  lowered  mauy  degxees  below 
the  temperature  of  the  air  (p.  184). 

X  Ihid.  p.  109.  From  a  remark  occuiTmg  at  page  1S6,  it  may  be  in- 
ferred that  the  night  liere  referred  to  was  that  common  to  the  29th  aiid 
30th  of  July,  1813.  On  the  two  occasions  first  mentioned,  when  there 
was  but  little  dew,  the  grass  was  in  one  instance  12°,  and  in  the  other 
14°  colder  than  the  air. 

S  Essays,  p.  187. 
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loped  by  every  successive  film  of  moisture  condensed  upon 
its  blades  is  instantly  wasted  by  radiation.  Those  Avho  are 
accustomed  to  work  with  the  thermopile  know  how  rapidly 
the  associated  galvanometer-needle  falls  from  a  high  deflection 
to  zero  when  the  heat  incident  upon  the  pile  is  suddenly  cut 
off.  A  similar  rapidity  of  waste  would  assuredly  occur  during 
the  slow  formation  of  dew.  The  heat  of  condensation  could 
not,  for  this  reason,  be  housed  in  the  manner  supposed  by 
Wells  *.  The  true  explanation  I  hold  to  be  that  already  in- 
dicated— the  checking  of  radiation  by  vapour,  the  abundance 
of  which  was  indicated  by  the  copious  deposition  of  dew. 

If  the  experiments  of  Wilson  could  be  made  in  an  atmo- 
sphere still  colder  than  that  in  which  he  worked — on  a  larger 
plain,  for  instance,  and  in  a  country  remarkable  for  the  dryness 
of  its  air — Wells  considered  that  a  difference  of  at  least  30° 
would  be  observed  on  serene  nights  between  the  air  and  a 
downy  substance  placed  on  the  earth.  And  as  Six  had  found 
the  air-temperature  at  an  elevation  of  220  feet  to  be  10°  higher 
than  at  7  feet,  these  10°  being  added  to  the  30°  would  make 
the  surface  at  least  40°  colder  than  the  air  at  the  height  of 
200  or  300  feet.  With  all  this  I  agree.  I  would  go  even 
further,  and  reiterate  here  a  statement  made  by  me  nineteen 
years  ago,  that  the  withdrawal  of  the  aqueous  vapour  of  our 
atmosphere,  for  a  single  calm  night,  would  kill  every  plant 
in  England  capable  of  being  killed  by  a  freezing  temperature. 

Pictet,  I  believe,  was  the  first  to  notice  that  the  temperature 
of  the  air  near  the  earth's  surface  on  serene  nights  diminished 
as  the  surface  was  approached,  the  sequence  of  the  day  tem- 
peratures being  thus  inverted.  To  account  for  the  chilling 
of  the  air,  say,  at  10  feet  above  the  earth's  surface  beyond  that 

*  Wells  himself  observed  in  grass  a  fall  of  temperature  of  7°  in  twenty 
minutes.  This  gives  us  some  notion  of  the  rapidity  with  which  a  radiant 
so  powerful  as  water  would  dispose  of  its  heat  (Essays,  p.  157). 

At  the  instance  of  my  friend  ]Mi-.  Francis  Galton,  and  with  the  kind 
sanction  of  the  Meteorological  Council;  the  following  instructive  ob- 
servations, showing  the  temperatures  recorded  by  two  thermometers — the 
one  placed  on  cotton-wool  resting  on  the  earth,  and  the  other  hung  at 
a  height  of  four  feet  in  the  air — were  recently  made  by  JNli".  Whipple  at 
Kew : — 

Time.  Air.  Wool. 

4.20  p.M .34-8  33-2 

4.2o    „       ....  32-.5  27-6 

4..30    „       ....  32-4  25-7 

4.35     „       ....  32-4  23-4 

4.40     „       ....  .32-2  21-7 

4.45     „       ....  32-2  20-7 

The  rapidity  of  radiation  is  well  shown  by  these  observations,  an  ex- 
posure of  twenty-five  minutes  sufficing  to  establish  a  difierencc  of  11°'5. 
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at  100  feet  above  the  surface,  Wells  invoked  the  radiant  power 
of  the  air  itself.  It  is  chilled,  he  thought,  bj  its  own  emission 
against  the  cold  earth  underneath.  Wells  takes  great  pains 
to  prove  that  the  air  possesses  this  power  ;  and  if  not  the  air, 
the  floating  matter  of  the  air  will,  he  contends,  exert  the 
necessary  radiation.  Difficulties  of  this  nature  not  unfre- 
quently  crop  up  in  works  on  meteorology ;  but  they  disappear 
in  presence  of  the  fact  that  mixed  with  the  air  is  a  gaseous 
constituent,  small  in  quantity,  but  capable  of  producing  the 
effects  needing  explanation. 

As  an  example  of  such  difficulties,  I  have  already  referred 
to  Sir  John  Leslie's  paper,  "  On  certain  Lnpressions  of  Cold 
transmitted  from  the  Higher  Atmosphere  "  *.  He  there  de- 
scribes the  ^thrioscope,  an  instrument  used  to  measure  these 
impressions.  "The  sensibility,"  he  says,  "  of  the  instrument 
is  very  striking  ;  for  the  liquor  incessantly  falls  and  rises  in 
the  stem  with  every  passing  cloud.  Under  a  fine  blue  sky, 
it  will  sometimes  indicate  a  cold  of  50  millesimal  degrees  ; 
yet  on  the  other  days,  when  the  air  seems  equally  bright, 
the  effect  is  only  30°.  The  causes  of  these  variations  are 
not  quite  ascertained."  He  might  have  said,  not  at  all 
ascertained.  The  causes,  I  submit,  are  the  variations  of  the 
quantit}'  of  transparent  aqueous  vapour  in  the  atmosphere, 
which,  without  affecting  the  visual  brightness  of  the  air,  is 
competent  to  arrest  radiation  from  the  earth.  Precisely  of 
the  same  character  is  the  difficulty  noticed  by  Lieutenant 
Hennessey  in  his  paper  on  "  Actinometrical  Observations  in 
India. ^'  Like  Leslie,  he  speaks  of  variations  the  causes  of 
w^hich  are  not  ascertained.  "Again,"  he  says,  "there  is  a 
change  of  intensity  from  day  to  day  apparently  not  due  to 
alterations  in  the  sun's  declination  so  that  the  average  daily 
curve  (about  noon)  is  higher  or  lower  without  any  visible 
reason  "!•  The  reason  here  is  that  applicable  in  Leslie's  case, 
namely  the  variations  of  the  invisible  atmospheric  vapour. 

In  186(3  my  friend  Professor  Soret,  of  Geneva,  favoured  me 
with  a  letter  from  which  the  following  is  an  extract : — "  In 
two  comparative  experiments,  made  within  a  few  days  at 
Geneva  and  Bologna,  the  most  powerful  radiation  was  ob- 
tained at  Geneva,  although  at  Bologna  the  heavens  were 
visibly  purer.  The  result  appears  to  me  to  support  your  views 
regarding  the  aqueous  vapour  of  the  air ;  for  the  tension  of 
aqueous  vapour  at  Bologna  was  10'7,  while  at  Geneva  it  was 
only  6'33." 

Cautiously  abstaining  from  drawing  a  general  conclusion 

*  Transactions  Roy.  Soc.  of  Edinburgh,  vol.  viii.  p.  483. 
t  Proc.  Roy.  Soc.  vol.  xix.  p.  228. 
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from  a  single  fact,  M.  Soret,  in  1868,  made  some  further 
experiments  on  solar  radiation.  The  intensity  was  measured 
by  first  allowing  the  rays  to  tail  directly  on  the  thermometer 
of  the  actinometer,  and  then  by  allowing  them,  prior  to  meeting 
the  thermometer,  to  pass  through  5   centimetres  of  water. 

Calling  the  first  temperature  T  and  the  second  t,  the  ratio  =, 

will  be  obviously  greatest  when  the  absorption  by  the  water 
is  least.  And  as  we  know  that  water  exerts  its  chief  absorbent 
power  on  the  ultra-red  rays  of  the  spectrum,  the  variations  in 
this  ratio  observed  at  different  atmospheric  thicknesses  will 
enable  us  to  infer  the  nature  of  the  heat  "arrested"  by  the 
atmosphere. 

M.  Soret  found  the  ratio  to  be  greater  in  the  middle  of  the 
day  than  when  the  sun  is  near  the  horizon.  At  12.30,  for 
example,  on  the  9th  of  March  the  ratio  was  0*594,  while  at 
5.10,  on  the  same  day,  it  was  only  0*409.  A  smaller  fraction 
of  the  total  heat  was  absorbed  by  the  water  near  midda}' 
than  near  sunset.  At  midday,  therefore,  the  solar  heat  was 
more  thoroughly  sifted  of  its  calorific  rays,  and  more  trans- 
missible by  water,  than  it  was  when  the  atmospheric  thickness 
was  much  greater.  It  would  seem  difficult  to  reconcile  this 
result  with  the  notion  that  aqueous  vapour  is  the  absorbing 
constituent  of  the  atmosphere. 

A  year  subsequently  MM.  Desains  and  Branley  found,  both 
at  Paris  and  at  Lucerne,  that  the  sun^s  heat  was  always  more 
transmissible  through  water  and  alum  in  the  morning  than  at 
midday.  I  have  too  much  confidence  in  the  able  experimenters 
here  named  to  think  any  of  them  wrong.  How,  then,  is  the 
discrepancy  between  them  to  be  accounted  for  ?  I  think  in 
the  following  way.  What  is  called  the  glow  of  the  Alps  varies 
greatly  with  the  quantity  of  suspended  matter  in  the  air. 
When  pronounced,  it  shows  that  the  more  refrangible  consti- 
tuents have  been  in  great  part  removed  from  the  sun^s  rays. 
The  proportion  of  the  less-refrangible  rays  in  the  total  radia- 
tion is  augmented  in  this  way,  the  relative  transmissibility  of 
the  heat  being  diminished.  It  was,  I  would  suggest,  heat 
that  had  its  character  impressed  upon  it  in  this  way  by  scat^ 
tering,  and  not  by  absorption,  that  yielded  the  result  obtained 
by  M.  Soret. 

Whatever  may  be  the  value  of  this  explanation,  one  result 
of  great  interest  to  me  was  established  by  the  two  French 
experimenters.  Simultaneous  observations  were  made  by 
them  on  the  summit  of  the  Rigi  and  at  Lucerne,  the  vertical 
distance  between  both  stations  beins;4756  feet.  Within  this 
stratum  17' 1  per  cent,  of  the  solar  rays  was  absorbed. 
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Experiments  were  made  at  the  same  time  at  both  stations 
on  the  perviousness  of  water  to  the  solar  rays.  If,  as  I  con- 
tend, a  vapour  and  its  liquid  absorb  the  same  rays,  the  with- 
drawal of  17  per  cent,  of  the  radiation  by  aqueous  vapour 
must  render  the  residual  heat  more  transmissible  by  water. 
This  is  precisely  what  the  French  experimenters  found  it  to 
be.  "  Through  a  glass  trough  0'08  of  a  metre  in  length,  and 
full  of  water,  the  rays  on  the  Rigi  passed  in  the  proportion 
of  685,  and  at  Lucerne  in  the  proportion  of  730,  per  1000  of 
the  incident  heat." 

Magnus  was  so  couAdnced  of  the  impotency  of  aqueous 
vapour  to  arrest  radiant  heat,  that  in  reference  to  various 
meteorological  phenomena,  where  the  action  I  had  ascribed  to 
it  offered  a  satisfactory  explanation  of  the  facts,  he  put  in  its 
place  mist  or  haze,  the  existence  of  which  he  assumed,  even 
when  neither  mist  nor  haze  was  visible.  There  are  various 
passages  in  the  Essay  on  Dew  which  it  would  be  difficult 
to  reconcile  with  this  assumption;  for  they  show  that  even 
visible  atmospheric  turbidity  has  by  no  means  the  influence 
which  Magnus  ascribed  to  it. 

Thus,  on  the  7th  of  January,  1814,  Wells  observed,  "  a  little 
after  sunset,"  a  refrigeration  of  8°,  at  a  time  when  some  parts 
of  the  sky  were  covered  with  clouds,  and  the  lower  atmosphere 
a  little  obscure  *.     On  another  evening,  '"  when  the  atmo- 
sphere was  neither  very  clear  nor  very  still,'^  a  difference  of 
14^°  was  observed  between  the  temperatures  of  air  and  swan- 
down.     Wells  also  observed  a  refrigeration  of  5°  when  the 
sky  was  thickly  covered  with  high  clouds,     A  very  definite 
observation  in    regard    to    haze   was    made    on  the  21st   of 
January,  1814.      The  air  at  this  time    was    "  a  good    deal 
hazy  "f.      Notwithstanding  this,  the  temperature   of  swan- 
down  placed  on  snow  was  13^°  lower  than  that  of  the  air 
4  feet  above  it.     Thus,  if  other  circumstances  be  favourable — 
that  is  to  say,  if  the  air  be  dry — even  a  visible  haze  does  not 
prevent  powerful  refrigeration,     I  close  these  references  to 
mist  and  haze   by  mentioning  a  most  striking  observation 
made  by  Wells  on^the  1st  of  January,  1814,     "  I  found,"  he 
says,  "  during  a  dense  fog,  while  the  weather  was  very  calm, 
a  thermometer  lying  on  grass  thickly  covered  with  hoar  frost 
9"  lower  than  another  suspended  in  the  air  4  feet  above  the 
former  "|.     Here,  as  before,  low  temperature  implies  scanty 
vapour,  the  absence  of  which  enabled  the  grass  to  pour  its 
heat  even  through  the  interstices  of  a  dense  fog§. 

*  Essays.  p_.  174.  t  Ibid.  p.  176.  t  Ibid.  p.  158. 

§  Mr.  Glaislier  moreover  has  found  differences  of  from  10°  to  12° 
between  gi-ass  and  air  "  at  times  when  the  sky  has  been  free  from  clouds 
but  not  bright,  haze  and  vapoiu-  being  prevalent ''  (Phil,  Trans.  1847, 
p.  14-!)). 
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I  could  draw  still  further  on  this  admirable  Essay  in  illus- 
tration of  the  thesis  which  I  have  so  long  defended.     As  a 
repertory  of  valuable  facts  and  penetrative  arguments  it  pro- 
bably stands  unrivalled  in  the  literature  of  meteorology.    One 
point  remains  which  cannot  be  passed  over.     It  has  reference 
to  the  part  played  by  clouds  in  arresting  and  returning  the 
radiation  from  the  earth.      "  No  direct  experiments,"   says 
Wells,  "  can  be  made  to  ascertain  the  manner  in  which  clouds 
prevent,  or  occasion  to  be  small,  the  appearance  of  a  cold 
at  night,  upon  the  surface  of  the  earth,  greater  than  that  of 
the  atmosphere;  but  it  may,  I  think,  be  firmly  [fairly?]  con- 
cluded from  what  has  been  said  in  the  preceding  article,  that 
they  produce  this  effect,  almost  entirely,  by  radiating  heat  to 
the  earth,  in  return  for  that  which  they  intercept  in  its  pro- 
gress from  the  earth  towards  the  heavens  '■'  *.     IV  ells  had  the 
strongest  analogies  to  adduce  in  favour  of  this  view.  He  placed 
boards  and  sheets  of  paper  above  his  thermometer,  thus  screen- 
ing them  from  the  clear  sky;  and  in  that  beautiful  passage 
where  he  speaks  of  "the  pride  of  self-knowledge,"  and  refers 
to  the  simple  devices  which  experience  had  taught  gardeners 
to  apply  for  the  safety  of  their  plants,  he  mentions  the  pro- 
tection which  even  a  thin  cambric  handkerchief  can  afford  to 
thermometers   over  which  it  is  spread.     He  was  irresistibly 
led  to  conclude  that  clouds  acted  in  the  same  fashion,  and  that 
when  they  occupied  the  firmament,  they  sent  back  to  the  earth 
the  heat  incident  upon  them,  exactly  as  the  board,  and  the 
paper,  and  the  cambric  sent  it  back  in  experiments  made  close 
to  the  surface  of  the  earth. 

But  in  the  enunciation  of  this  hj-pothesis  his  knowledge  and 
penetration  as  an  observer  came,  as  usual,  into  play.  He  is 
careful  to  distinguish  between  high  clouds  and  low  clouds. 
"Dense  clouds,"  he  says,  "near  the  earth  must  possess  the 
heat  of  the  lower  atmosphere,  and  will  therefore  send  to  the 
earth  as  much,  or  nearly  as  much,  heat  as  they  receive  from 
it  by  radiation.  But  similarly  dense  clouds,  if  very  high, 
though  they  equally  intercept  the  communication  of  the  earth 
with  the  sky,  yet  being  from  this  elevated  situation  colder 
than  the  earth,  will  radiate  to  it  less  heat  than  they  receive 
from  it,  and  may  consequently  admit  of  bodies  on  its  surface 
becoming  several  degrees  colder  than  the  air  "■'f. 

Magnus  urged  this  point  against  me;  and  I  may  be  j)er- 

*  Essays,  p,  205. 

t  Ibid.  p.  20G.  "  If,"'  says  Wells,  in  another  place,  '<  the  clouds 
were  high  and  the  weather  calm,  I  have  sometimes  seen  on  gi-ass,  though 
the  skv  was  entirely  hidden,  no  xerv  inconsiderable  quantity  of  dew  " 
(ibid.  p.  128). 
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mitted  to  say  that  I  always  considered  it  one  of  his  strongest 
points — my  holding  of  this  opinion  being,  however,  dependent 
on  the  A'iews  which  I  entertained,  and  which  were  opposed  to 
those  of  Magnus,  regarding  the  relation  of  liquid  to  vapour. 
If,  as  I  believe,  the  absorbent  power  is  not  enhanced  by  con- 
densation— if  in  this  respect  water  behaves  like  hydride  of 
amyl  and  sulphuric  ether, — then  I  do  not  think  that  such  a 
process  of  reverberation,  between  earth  and  clouds,  as  that 
assumed  by  Wells  is  possible.  The  aqueous  vapour,  in  a  very 
few  thousand  feet  of  air,  of  average  humidity,  would,  if  con- 
densed, form  a  layer  of  water  O'o  of  an  inch  in  thickness;  and 
through  such  a  layer,  or  even  through  a  thinner 'layer,  the 
earth's  radiation  could  not  pass.  If  the  earth^s  radiation 
reach  the  clouds,  it  must  be  by  a  process  similar  to  that  of 
handing  buckets  from  man  to  man  in  the  case  of  a  fire.  The 
heat  must  be  taken  up  and  re-radiated,  we  know  not  how 
many  times,  before  the  clouds  are  reached.  I  do  not,  how- 
ever, think  this  mechanism  of  discharge  necessary.  Low 
clouds  will  not  form  above  exposed  thermometers,  in  weather 
previously  serene,  unless  some  change  has  occurred  in  the 
atmosphere;  and  change  may  occur  where  no  cloud  reveals  it. 
It  may  extend,  and  in  most  cases  probably  does  extend,  from 
the  low  clouds  to  the  earth.  I  think  it  in  the  highest  deo-ree 
probable  that  in  most,  if  not  in  all,  the  cases  cited  by  Wells  of 
thermometers  rising  when  clouds  were  formed  overhead,  the 
precipitation  was  due  to  the  intrusion  of  humid  air,  the 
humidity  extending  invisibly  from  the  clouds  downwards.  To 
this,  I  believe,  rather  than  to  any  immediate  exchange  of  tem- 
perature with  the  clouds,  the  rapid  and  considerable  changes 
of  temperature  referred  to  by  him  at  pp.  156  and  157  of  the 
Essay  are  to  be  ascribed.  Future  observations  will,  doubt- 
less, bring  this  view  to  an  experimental  test. 

I  here  recur  with  renewed  pleasure  to  a  paper  published 
by  General^  Strachey  in  the  Philosophical  Magazine  for  July 
186G.  It  was  probably  intended  as  a  reply  to  the  strictures 
of  Magnus;  and  to  me  it  appears  cogent  in  the  highest  degree. 
General  Strachey  calculated  the  fall  of  temperature  from 
6^  40°^  P.M.,  Madras  time,  to  5^  40"^  next  morning,  for  a  cer- 
tain number  of  days,  selected  as  sufficiently  clear.  He  also 
calculated  the  mean  vapour-tension  during  the  nights,  and 
tabulated  the  results  according  to  the  quantity  of  vapour,  for 
the  years  1841, 1842,  1843,  and  1844.  In  such  observations, 
as  pointed  out  by  Strachey,  discrepancies  are  to  be  expected; 
but  the  general  result  is  unmistakable,  that  the  fall  of  tem- 
perature by  radiation  is  greatest  when  the  air  is  driest,  and 
least  when  the  air  is  most  humid.     A  series  of  observations 


524       Prof.  Tyndall  on  the  Action  of  Free  Molecules  on 

made  at  Madras  between  the  4tliand  the  25th  of  March,  1850, 
are  particularly  suitable  for  the  illustration  of  this  law  of 
action.  During  the  period  referred  to  ^'  the  sky  remained 
remarkably  clear,  while  great  variations  of  the  quantity  of 
vapour  took  place."  Here  are  the  results  as  tabulated  by 
General  Strachey: — 


Tension  of  vapour.             '888. 

■849. 

•805. 

•749. 

■708. 

Fall  of  temperature  from  "1       no.n 
io^  40""  P.M.  to  b^  40  A.M.  J 

7°-l 

8°^3 

8°-5 

10°-3 

Tension  of  vapovxr. 

•659. 

■60.5.         -554. 

•435. 

Fall  of  temperature  from  \ 
6'>  40™  P.M.  to  oh  40"  A.M.  / 

12"-fi 

12°-1         1.3=^1 

16^5. 

These  results,  if  correct  (and  I  am  not  aware  that  they  have 
ever  been  questioned),  show  in  the  most  impressive  manner 
the  influence  of  the  aqueous  vapour  of  our  atmosphere  on  our 
planet^s  radiation.  As  the  vapour  diminishes,  the  door  opens, 
which  permits  the  escape  of  the  earth's  heat.  The  halving  of 
the  vapour-tension  nearly  trebles  the  refrigeration  of  the  ther- 
mometer. 

Equally  clear  is  the  evidence  given  by  General  Strachey  as 
to  the  action  of  aqueous  vapour  upon  the  radiation  of  the  sun. 
Here  are  the  results: — 


Tension  of  vapour. 

•824. 

•737. 

•670. 

•576. 

•511. 

•394. 

Eise  of  temperature  from  "1 
S''  40"  A.M.  to  V"  40™  P.M.  J 

12°-4 

15°-1  i  19=-3 

22°^2 

24°-3 

27"0 

This  table  is  the  exact  complement  of  the  last.     There  the 
fall  of  temperature  was  powerfully  promoted  by  the  with- 
drawal of  the  vapour.     Here  the  rise  of  temperature  is  power- 
fully promoted  by  the  same  cause*. 

*  Mr.  Hill,  Meteorolog-ical  Eeporter  for  the  Nortli--west  Proyinces  of 
India,  in  a  paper  recently  presented  to  the  Royal  Society,  describes  an 
attempt  to  determine  the  "  Constituent  of  the  Atmosphere  -which  absorbs 
Radiant  Heat."  He  uses  for  this  purpose  the  careful  observations  made 
by  Messrs.  J.  B.  N.  Hennessey  and  W.  H.  Cole,  at  Mussuree  and  Dehra 
respectively.  From  the  absence  of  symmetry  in  the  quantities  of  heat 
received  by  the  actinometer  on  both  sides  of  noon  at  Mussoree,  and  from 
the  existence  of  this  symmetry  at  Dehra,  he  infers  the  periodic  lifting  and 
lowering  of  the  absorbing  constituent  above  and  below  the  higher  station. 
He  finds  the  variation  of  the  absorptiou-coefficieut  to  follow  the  variations 
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But  the  most  impressive  illustration  of  tlie  action  of  aqueous 
vapour  is  now  to  be  referred  to.  In  18G5  I  subjected  to  ex- 
amination the  radiation  from  the  electric  light  produced  by  a 
battery  of  50  of  Grovels  cells,  and  found,  by  prismatic  analysis, 
the  invisible  calorific  radiation  to  be  7*7  times  the  visible.  The 
determination  was  afterwards  made  by  the  method  of  filtration, 
whereby  the  one  class  of  rays  was  detached  with  great  sharp- 
ness from  the  other,  and  both  of  them  rendered  measurable. 
By  this  method  the  invisible  radiation  was  found  to  be  8 
times  the  visible.  A  close  agreement  was  therefore  established 
between  the  results  of  the  two  methods.  Computed  from  the 
diagram  of  Miiller,  the  invisible  radiation  of  the  sun  is  twice 
the  visible.  This  smaller  ratio  might,  of  course,  be  referred  to 
the  original  quality  of  the  solar  emission,  the  ratio  holding- 
good  up  to  the  surface  of  the  sun.  But  having  placed,  as  I 
thought  beyond  doubt,  the  action  of  aqueous  vapour  on  radiant 
heat,  and  believing  the  action  of  the  vapour  to  be  substan- 
tially the  same  as  that  of  water,  I  reasoned  and  experimented 
as  follows  in  1865: — "The  sun's  rays,  before  reaching  our 
earth,  have  to  pass  through  the  atmosphere,  where  they  en- 
counter the  atmospheric  vapour,  which  exercises  a  powerful 
absorption  on  the  invisible  calorific  rays.  From  this,  apart 
from  other  considerations,  it  would  follow  that  the  ratio  of  the 
invisible  to  the  visible  radiation  in  the  case  of  the  sun  must 
be  less  than  in  the  case  of  the  electric  light.  Experiment, 
we  see,  justifies  this  conclusion.  If  we  cause  the  beam  from 
the  electric  lamp  to  pass  through  a  layer  of  Avater  of  suitable 
thickness,  we  place  its  radiation  in  approximately  the  same 
condition  as  that  of  the  sun;  and  on  decomposing  the  beam 
after  it  has  been  thus  sifted,  we  obtain  a  distribution  of  heat 
closely  resembling  that  observed  in  the  solar  spectrum." 

If,  therefore,  we  could  get  above  the  vapour-screen  which 
swathes  the  earth,  the  "  powerful  absorption  "  referred  to  in 
the  paragraph  just  quoted  would  disappear,  the  ratio  of  the 
invisible  to  the  visible  solar  rays  being  augmented  corre- 
spondingly. That  such  would  be  the  case  I  have  long  taken 
for  granted ;  but  I  hardly  hoped  for  a  corroboration  so  im- 
pressive as  that  furnished  by  the  recent  observations  of  Pro- 
of vapour-tension.  From  tliis  and  from  a  similar  result  obtained  by  a 
second  metliod  of  calculation,  be  draws  the  conclusion  "  that  there  can  be 
very  little  error  in  agreeing  with  Dr.  Tyndall  that  the  absorptive  power 
of  di'y  air  is  sensibly  nothing,  and  that  the  total  absorptive  power  of  the 
atmosphere  is  due  to  the  water-vapour  it  contains.'"  A  most  interesting 
discourse  on  Solar  Heat,  by  M.  Yiolle,  of  Grenoble,  will  be  found  in  the 
Heme  Scientijique  for  1878,  p.  944.  I  guard  myself  against  saving  that 
the  diathermancy  of  dry  air  is  perfect. 
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fessor  Laugley,  in  the  Sierra  Nevada  Mountains  of  California. 
Professor  Langley  is  known  to  have  highly  distinguished  him- 
self by  researches  on  radiant  heat,  with  instruments  of  his 
own  invention.  He  writes  to  me  thus  from  Mount  Whitney, 
California,  September  10,  1881 : — 

''  I  received  your  letter  just  as  I  was  starting  on  the  expe- 
dition to  this  point  of  which  I  wrote.  I  much  regretted  that 
I  had  not  time  to  provide  myself  ^vith  your  mercury-pyrhelio- 
meter;  so  I  have  been  obliged  to  use  the  old  form,  with  its 
many  disadvantages. 

"  Our  route  here  has  led  us  through  the  dryest  parts  of  this 
continent,  and  across  rainless  deserts  to  this  mountain,  where 
the  air  is  perhaps  drier  than  at  any  other  equal  altitude  ever 
used  for  scientific  investio-ation.  I  write  from  an  altitude  of 
12,000  feet,  while  the  '  Peak '  rises  nearly  3000  more  above 
me.  I  have  been  successful  in  bringing  up,  and  using  here, 
the  rather  complex  and  delicate  apparatus  for  investigating  the 
absorption  of  the  atmosphere  on  homogeneous  rays,  through- 
out the  visible  and  invisible  spectrum. 

"  You  may  be  interested  in  knowing  that  the  result  indi- 
cates a  great  difference  in  the  distribution  of  the  solar  energy 
here  from  that  to  which  we  are  accustomed  in  regions  of 
ordinary  humidity;  and  that  while  the  evidence  of  the  effect 
of  water-vapour  on  the  more  refrangible  rays  is  feeble,  there 
is,  on  the  other  hand,  a  systematic  effect  due  to  its  absence, 
which  shows  by  contrast  its  power  on  the  red  and  ultra-red  in 
a  strikino;  light. 

"  These  experiments  also  indicate  an  enormous  extension 
of  the  ultra-red  spectrum  beyond  the  point  to  which  it  has 
been  followed  below,  and,  being  made  on  a  scale  different  from 
that  of  the  laboratory — on  one  indeed  as  grand  as  nature  can 
furnish — and  by  means  wholly  independent  of  those  usually 
applied  to  the  research,  must,  I  think,  when  published,  put  an 
end  to  every  doubt  as  to  the  accuracy  of  the  statements  so 
long  since  made  by  you,  as  to  the  absorbent  power  of  this 
agent  over  the  greater  part  of  the  spectrum,  and  as  to  its  pre- 
dominant importance  in  modifying  to  us  the  solar  energy. 

"  I  am,  with  much  regard, 

"  Very  truly  yours, 

"  S.  P.  Langley." 
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LXIV.   On  Rhabdophane ,  a  new  Mineral. 
By  W.  G.  Lettsom,  Esq.* 

HAVINGr  ascertained  from  Monsieur  Lecoq  de  Boisbau- 
dran,  -who  had  had  the  kindness  to  favour  me  with  a 
specimen  of  his  new  metal  gallium,  that  it  would  be  agreeable 
to  him  to  examine  our  British  blendes  for  that  metal,  I  applied 
to  various  dealers  for  specimens  thereof,  and  I  also  asked  a 
few  friends  to  give  me  their  assistance  in  the  matter.  Among 
the  latter  was  Mr.  Ludlam,  who  with  his  usual  liberality  sent 
me  three  or  four  specimens. 

Among  them  was  one  which  in  its  appearance  differed  from 
any  British  blende  that  I  am  familiar  with.  It  was  in  small 
mamillated  globules,  brown,  with  a  peculiar  greasy  lustre. 
Having  a  suspicion  that  possibly  it  might  not  be  a  blende,  I 
submitted  it  for  examination  to  that  Grand  Inquisitor  the  spec- 
troscope. 

Letting  a  bright  light  fall  on  the  specimen,  I  looked  at  it 
with  a  pocket-spectroscope,  when  immediately  the  bands  due 
to  the  presence  of  didymium  became  apparent.  I  had  thus 
come  across  what,  at  least,  was  no  ordinary  blende. 

Having  submitted  the  specimen  to  Mr.  Maskelyne,  that 
gentleman  was  so  good  as  to  cause  a  preliminary  chemical 
examination  of  the  mineral  to  be  made,  from  which  it  appears 
that  it  contains  neither  zinc  nor  sulphur,  and  is  consequently 
no  blende,  but  that  it  is  essentially  a  phosphate  of  didymium. 

With  some  pure  fragments  of  the  mineral  which  I  have 
placed  in  the  skilful  hands  of  Mr.  Walter  Noel  Hartley,  that 
gentleman  has  kindly  undertaken  to  make  a  complete  analysisf 

*  Commimicated  by  tlie  Crystallological  Society,  bavirig  been  read 
November  23,  1878. 

[Tbis  paper  was  witbbeld  from  publication  witb  tbe  intention  that  it 
and  the  analysis  should  appear  simultaneously.  Through  some  misap- 
prehension this  intention  has  not  been  carried  out,  and  the  analj'sis  has 
already  appeared  in  the  Journal  of  the  Chemical  Society  for  Maj'. — Sec, 
Ceyst.  Soc] 

t  [Professor  Hartley's  analysis  shows  it  to  be  a  hydrated  phosphate  of 
cerium,  didymium,  and  yttrium,  capable  of  representation  by  the  formula 
Rj  O3 .  PgOj .  2H2  0,  the  percentage  composition  foimd  being  : — 

Combined  water   7-97 

P^O, 26-26 

Ce^OajDi^OajYt^Og  ..  65-75 

Ceo  O3 :  Dig  O3 :  Yt,  03=23'19 :  34-77  :  2-89  nearly. 

This  seems  to  be  the  first  time  that  yttrium  has  been  found  in  a  British 
mineral.] 
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of  the  substance  ;  but  as  he  informs  me  he  has  no  leisure  to 
go  into  the  matter  at  present,  I  am  not  as  yet  able  to  state  to 
the  Society  what  is  the  precise  constitution  of  the  mineral. 

Within  a  few  da3^s  after  showing  the  original  specimen  to 
Mr.  Maskelyne,  I  had  the  pleasure  of  learning  from  him  that 
he  had  been  enabled,  I  believe  by  means  of  the  spectroscope, 
to  recognize  two  other  specimens  of  the  mineral  in  the  old 
collection  at  Oxford,  where  they  are  simply  labelled  "  Blende 
from  Cornwall"  *. 

On  my  showing  Mr.  Ludlam  the  specimen  I  had  received 
from  him,  he  informed  me  that  it  came  from  "  the  Turner 
Collection,"  which  is  now  in  his  possession — and  that  it  is 
described  in  the  third  volume  of  M.  Levy's  Catalogue  of  that 
Collection,  under  the  heading  of  "  Zinc  snlfure  No.  75. 
Mionelonne,  hnin,  jibreux  dans  la  cassure,  ressemblant  au 
plomb-gomme,  avec  plomb  phosphate,  Cornouailles.^^  I  should 
not  say  the  specimen  resembles  plomb-gomme  much ;  neither 
have  I  observed  any  phosphate  of  lead  upon  it. 

There  were  two  specimens  of  the  mineral  in  the  Turner 
Collection  as  well  as  in  the  collection  at  Oxford,  the  locality 
attributed  to  them  all  being  simply  "Cornwall;"  and  as  M. 
Levy's  Catalogue  was  published  in  1837  (that  is  to  say,  more 
than  forty  years  ago),  I  fear  there  is  but  little  hope  of  ascer- 
taining at  what  mine  they  were  raised :  even,  however,  if 
that  were  made  out,  it  seems  improbable  the  workings  there 
should  be  still  carried  on. 

Neither  in  the  collection  at  the  British  Museum,  free  access 
to  which  has  been  kindly  granted  to  me,  nor  in  that  at  King's 
College,  nor  in  the  old  collection  belonging  to  Mr.  Vicary  at 
Exeter,  nor  in  that  of  the  late  Sir  John  Aubyn  at  Devonport 
have  1  been  able  to  find  a  specimen  of  the  mineral  in  question. 

The  name  Bhabdophane,  which  this  species  has  received,  was 
selected  as  one  indicating  the  stripes  or  bands  which  it  exhi- 
bits in  the  spectroscope. 

For  the  information  of  such  of  our  chemists  as  may  feel 
disposed  to  work  upon  British  blendes  for  gallium,  I  here 
subjoin  the  results  that  were  obtained  b}'  M.  Lecoq  de  Bois- 
baudran  in  operating  upon  some  of  those  specimens  that  I  for- 
warded to  him.  The  quantity  of  material  used  for  the  exami- 
nation was,  I  believe,  in  every  case  20  grammes. 

No.  1.  Redruth       .     .     Poor  enough. 
No.  2.  Cumberland.     .     Rich  enough. 

*  There  is  a  small  specimen  witliout  label  in  the  Brooke  Collection  at 
Cambridge. 
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No.  3.  Derbyshire  .     .     No  gallium. 

No.  4.  Cornwall  (?)     .     E,ich  enough. 

No.  5.  Weardale     .     .     Rich  in  gallium.      Seems  to  be  a 

little  richer  than  the  preceding. 
No.  6.  Fowey  Consols.     Rich.     Seems   to   be   somewhat 

richer  still  than  the  preceding. 

M.  Lecoq  de  Boisbaudran  adds  that  some  of  the  English 
blendes  thus  appear  to  him  to  be  at  least  as  rich  in  gallium  as 
the  Bensberg  blende  is,  and  that,  judging  from  the  intensity 
of  the  gallium-lines  shown,  he  is  inclined  to  think  the  Fowey- 
Cousols  blende  is  even  superior  to  that  from  Bensberg. 

T  should  add  that  the  Fowey-Consols  blende  here  spoken 
of  is  the  well-known  mamillated  nodular  material  of  that 
locality. 

Should  any  member  of  the  Society  wish  to  see  a  portion  of 
the  original  specimen,  or  to  examine  with  the  spectroscope 
sections  thereof  or  of  the  Oxford  mineral,  I  am  prepared  to 
submit  them  to  him. 


LXV.    On  the  Dichromn  of  two  European  Andalusites. 
By  W.  G.  Lettsom,  Esq.* 

TWO  years  ago  or  so  there  was  received  in  London  from 
Brazil  a  batch  of  Andalusites,  the  transparency  of  which 
alloAved  of  their  remarkable  dichroism  being  well  observed.  • 
This  induced  me  to  make  trial  as  to  the  amount  of  dichroism 
which  Andalusites  from  European  localities  might  exhibit  if 
suitably  cut  by  a  lapidary;  for  none  of  our  Andalusites  that  I 
am  acquainted  with  are  capable  of  being  examined,  as  is  the 
case  with  Brazilian  specimens,  in  their  natural  state. 

I  beg  leave  to  lay  before  the  Society  a  few  sections  of  Anda- 
lusite  from  a  locality  in  Germany  the  name  of  which  I  have 
not  at  hand,  but  which  I  hope  to  obtain  in  a  day  or  two. 
Those  sections  show  in  one  image  a  rich  chocolate-broAvn 
colour,  the  other  being  all  but  colourless. 

Other  sections,  from  Goldeustein  in  Moravia,  exhibit,  in  one 
image  a  deep  blood-red  colour,  the  other  image  in  this  case 
too  being  almost  colourless. 

*  Communicated  by  the  Ciystallological  Society,  having  been  read 
November  23, 1878. 
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LXVI.   On  the  Dimensions  of  a  Magnetic  Pole  in  the  Electro- 
static System  of  Units.     By  C.  K.  Wead*. 

IN  the  Ma}^  number  of  this  Magazine,  p.  376,  Dr.  Everett 
r»resents  Clausius's  deduction  of  the  dimensions  of  a  mag- 
netic pole  in  the  electrostatic  system,  finding  them  to  be 
P,  =  M*L^  T-2^  instead  of  M^L^,  as  Maxwell  gave  it  without 
explicit  statement  of  the  method  of  derivation.  In  Maxwell's 
treatise  this  unit  is  obtained,  along  Avith  all  the  rest,  from  fif- 
teen simultaneous  equations  involving  twelve  unknown  quan- 
tities ;  the  substitution  of  the  final  results  in  the  original 
equations  shows  that  the  suggestion  of  a  misprint  may  be  set 
aside  at  once. 

In  the  smaller  books  that  use  the  clearer  method  of  deriving 
the  dimensions  step  by  step,  the  development  does  not  usually 
include  magnetic  quantities  under  the  electrostatic  system  : 
they  are  not  found  in  the  British-Association  Eeports  on  Elec- 
trical Standards,  Eeprint,  p.  80,  nor  in  Kohlrausch's  '  Physical 
Measurements,^  nor  in  Everett's  '  Units  and  Physical  Con- 
stants.' Only  in  Herwig's  Physihalische  Begriffe,  p.  78,  do  I 
find  any  values  for  intensity  of  a  magnetic  field,  moment  of  a 
magnet  (strength  of  pole  is  involved  in  this,  but  not  given 
separately),  and  magnetic  potential  in  this  system.  An  ex- 
amination of  his  method,  which  leads  to  Maxwell's  results, 
shows  at  once  that  the  whole  question  turns  on  the  step,  or 
steps,  between  current-strength  and  magnetic  moment.  Using 
so  far  as  possible  Everett's  notation,  but  with  the  subscript 
letter  e  or  m  to  distinguish  the  two  systems  when  necessary, 
we  shall  have  to  consider  Strength  of  current  C,  Intensity  of 
a  magnetic  field  I,  Moment  of  a  magnet  /u,  or  PL,  Strength 
of  magnetic  pole  P,  Quantity  of  electricity  Q. 

27r;-2C«  ,  i    3     _2 

Herwig  gives  -L  —  ^i — ;  and  since  Cp=M''L-  T  (agree- 
ing with  Everett),  Ie-^=M^L^T-^ 

Then,  since  a  magnet  whose  moment  fx  in  the  field  I  is  subject 
to  a  couple,  Ip/"'g=  a  couple, 

Py  MIj"I  TvriT  3 

M^L^T"^ 
P=M*L^; 

e  ' 

,,       work      MLfT-'    ^i-iT-Tr-j  .■        .      .  1 

Ve=  --p—  =  — — — p-  =M2L2  i     =  magnetic  potential. 

*  Communicated  by  the  Author. 
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Clausius  gives  "C  x  L'^  =  P  x  L  in  any  consistent  system  ;"  so 


p  ^  CU^^  ^  L-^xM^LtT-'^  ^  ^^  ^_2^ 


1—2 

lj2    J 

'~  T  L 


P      C 

The  equation  C  X  L^  =  P  x  L  leads  to  ^-2  =  j  ;  which  would 

in  the  electromagnetic  system  be  consistent,  since  each 
member  =1.  Again,  PL  =  yu.;  that  is,  PL  must  represent  a 
magnet ;  consequently  C  x  L"  is  put  equal  to  a  magnet.  But 
the  passage  of  the  current  ordinarily  jiroduces  effects,  such  as 
the  movement  of  a  galvanometer-needle,  which  we  explain 
more  naturally  by  saying  that  the  circular  current  produces  a 
magnetic  field  at  its  centre,  than  by  saying  that  the  current  is, 
or  makes,  or  even  is  equivalent  to,  a  magnet.  Herwig^s  deri- 
vation, therefore,  in  Avhich  a  magnet  placed  in  a  field  experi- 
ences a  couple,  conforms  to  the  ordinary  way  of  thinking 
better  than  the  way  of  Clausius,  and  is  the  way  used  in  the 
derivation  of  the  electromagnetic  system.     Again,  if 

P,=M^L^T-^ 
then 


y-i 


I^P^L  =  MnJT-^M^L^T-^L  =  ML^T-'  =  acouplexL'■^T■ 

How  can  this  result  be  explained,  consistently  with  the  known 
effect  of  a  circular  current  on  a  magnet  ?  It  mav  be  noted 
that,  in  all  discussions  except  that  of  Clausius,  the  magnet 
pole  P  is  introduced  into  a  field.  Clausius  produces  a  field  by 
the  pole  P.  Also  that  the  ratio  of  the  two  values  of  P  is  the 
square  of  a  velocity. 

Herwig  says,  with  regard  to  the  step  from  I  to  /a  in  the  elec- 
trostatic system: — "  It  may  be  remarked  that  for  this  purpose 
we  cannot  use  the  formula  of  §  64,  fi  —  irrG,  which  expresses 
the  relation  between  the  magnetic  moment  fi  and  the  current- 
strength  C  ;  for  the  validity  of  this  formula  is  dependent 
(gekniqft)  on  the  use  of  the  magnetic  system  "  (p.  78). 

A  comjiarison  of  the  derivation  of  the  same  units  in  the  two 
systems  will  strengthen  our  belief  in  the  view,  that  Clausius 
has  proposed  a  new  way,  for  which,  rather  than  for  the  older 
one,  a  justification  is  needed.  Taking  the  least  number  of 
steps  that  will  lead  from  P  to  Q,  or  vice  versa,  we  have  these 
equations  in  each  system : — 

Magnetic, 

PP  (^L 

-j-2- =F(  =  a  force).      PL  =  /Lt;  I/u.=  a  couple  ;  -^  =1; 

Q=:CT.     .     .     (1) 
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Electrostatic, 

■jir  =  -^-    f^~    '    TF        '  -1-/^  =  a  couple;  /x=PL.    (2) 
Electrostatic  (Clausius), 

QQ=F.    5  =  0;  CL^=/.=PL (3) 

_  It  is  ob\dous  at  a  glance  that,  after  the  fundamental  opera- 
tion has  been  performed  of  finding  P,„  or  Q„  the  remaining 
operations  take  exactly  the  opposite  order  in  the  two  systems; 
the  corresponding  equations  in  the  two  are  the  same;  while 
this  is  not  true  of  series  (1)  and  (3).  In  (1)  we  may  find  the 
dimensions  of  Q  in  terms  of  P,  and  from  (2)  and  (3)  of  P  in 
terms  of  Q.     The  results  are: — 

Q„=MI/T-'-P,„,       .....     (V) 

P,  =ML2T-^^Q„ (20 

P.=LT--Q, (30 

Since  in  the  two  systems  P  and  Q  play  similar  parts,  are 
we  not  justified  in  expecting  such  a  symmetry  as  is  shown  by 
(1')  and  (2'),  rather  than  the  want  of  it  shown  in  (V)  and  (3')? 
If  the  values  of  P„ ,  and  Q„  M^  L^  T~ '  are  substituted  in  the 
above,  we  may  group  the  results  thus  : — 

P,  =M^L^T-^     Q=MiL^T-'; 

Q„  =  M^L^,  P^=M^L^  (20,  or  M^L^T"'  (30- 

Of  course  these  are  not  presented  as  three  independent  lines 
of  argument  in  favour  of  Maxwell's  view,  as  they  are  all  in- 
volved in  the  series  of  operations  (1),  (2),  and  (3). 

It  will  now  be  shown  that  to  write  "CxL^  =  PLin  any 
consistent  system  "  is  simply  begging  the  whole  question. 

No  physical  formulse  are  better  established  than  those  used 
in  finding  with  the  magnetometer  M  and  H,  the  moment  of  a 
magnet  and  the  horizontal  component  of  ihe  earth's  mag- 
netism : — 

.„_       ttK      ,     M_,  y-tan(^-ynan«^\ 

f:\i  +  ey  H~^        r-y- 

in  which  K  =  a  moment  of  inertia  =  ML^,  ^  =  a  time  =  T, 
y  and  y  are  lengths  =  L,  and  the  other  quantities  in  the  second 
members  are  numerical.  In  the  usual  notation,  therefore, 
/iI  =  ML'T~^,  i-c^l  —  JJ;  whence  we  find  the  dimensions 
of  ya  =  MiL^T-\  and  of  I  =  MU^-^T-',  the  same  as  in  the 
magnetic  system.  But  one  has  the  same  right  to  declare  that 
"  in  any  consistent  system  "  both  the  above  formulae  must  be 
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true  as  tliat  C  x  L^  =  P  x  L.  In  the  magnetic  system  both  are 
true  ;  in  the  electrostatic  system  with  Maxwell's  value  the 
first  is  true,  the  second  is  not ;  with  Clausius's  values  the 
second,  and  not  the  first.  Maxwell  (or  at  least  Herwig) 
openly  uses  the  first;  Clausius  impliedly  uses  the  second ;  for 
if  CL-  =  FL=,j,,  and  C^L  =  I, 

In  deducing  the  dimensions  of  physical  quantities,  there  is 
much  that  is  as  arbitrary  as  the  order  in  which  several  num- 
bers shall  be  multiplied  together*.  Thus,  the  familiar  equation 

^~^~f, ^  ^^  ^^'^^®  ^^  '"^"7  conceivable  system  of  units, 

(^'  +  "2)' 
where  r  is  the  radius  of  the  current-circle,  and  d  the  distance 
from  the  centre  on  a  normal  to  the  plane.  In  the  electrostatic 
and  electromagnetic  systems,  the  dimensions  of  either  C  or  I 
being  given  to  find  the  other,  r,  I,  and  d  being  lengths,  k  is 
arbitrarily  made  equal  to  1,  and  then  I  or  C  is  found  :  if  I  and 
C  had  both  been  given,  ordinarily  its  value  would  not  be  1, 
nor  its  dimensions  =U'WT'^.  To  pass  from  I  to  P  or  to 
PL  =  yLt,  either  of  two  equations  may  be  used  : — 

l^kF-^P; (1) 

/il  =  ^' X  a  couple (2) 

Clausius  arbitrarily  makes  k  =  l  in  (1),  letting  k'  assume 
whatever  concrete  value  will  satisfv  (2).  Herwig,  to  obtain 
Maxwell's  result,  as  arbitrarily  makes  A;'  =  l,  paying  no  atten- 
tion to  k.  If  arbitrarily  we  make  k  =  k'=l,  /x  and  I  must 
come  out  as  in  the  magnetic  system. 

In  making  k^  =  1  rather  than  k,  there  is  the  advantage  of 
introducing  a  mechanical  unit ;  and  we  use  the  equation  (2) 
that  is  both  more  familiar  in  experimental  work,  and  the  one 
used  in  the  derivation  of  the  magnetic  system.  Further,  if  P 
be  changed,  three  other  quantities  of  the  twelve  that  Maxwell 
discusses  must  have  their  dimensions  changed,  and  confusion 
would  be  introduced  into  his  system,  that  is  based  on  fifteen 
equations,  in  each  of  which  the  second  member  is  some  simple 
mechanical  quantity,  as  work,  time,  &c.  Until  it  has  been 
clearly  shown  how  this  system  will  be  affected  by  the  proposed 
change,  and  why  the  new  expression  is  to  be  preferred  to  the 
older  one,  that  has  been  "  unimpeached "  for  some  twenty 

years,  is  it  not  clearly  better  to  write  Pe  =  M^L*?     It  is  not  a 

question  merely  of  correctness,  but  of  consistency,  simplicity, 

and  usefulness;  and  on  all  these  grounds  Maxwell's  expression 

seems  to  the  writer  to  deserve  the  preference. 

University  of  Michigan, 
Ann  Arbor,  May  29,  1882. 

*  On  this  point,  compare  Everett's  '  Deschanel,'  p.  783^ 

Phil  Mag.  S.  5.  No.  84.  Suppl.  Yol.  13.  2R 
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LXVII.  Kotices  respecting  New  Boohs. 

Maaiietism  and  Electricity;  an  elementary  Text-hooTc  for  Students. 
By  EiCHAED  W'oEMELL,  D.8c.,  M.A.     Loudon  :  Thomas  Murby. 

THIS  book  is  one  of  a  series — the  High  School  Science  series. 
The  author  informs  us  that  he  has  aimed  at  embodying  two  cha- 
racteristic features— ^/-s^  to  make  the  work  progressive  in  several 
respects   from  beginning  to  end,  and,  secondly,  to  introduce  the 
explanation  of  the  latest  discoveries  and  applications  of  electricity. 
The  latter  feature  will  be  commended  by  every  one,  but  the  former 
will  appear  to  many  to  be  of  doubtful  utility.     Probably  it  is  on 
that  account  that  the  book  is  thrown  into  the  form  of  lectures. 
But  are  not  the  functions  of  a  text-book  and  of  lectures  different  ? 
A  text-book  ought  to  be  clear  in  statement,  exact  in  information, 
and  free  from  error.     We  cannot  say  that  these  conditions  are 
completely  satisfied  by  Dr.  Wormell's  book.     As  regards  the  first 
point,  there  is  frequently  an  ambiguous  use  of  the  pronoun  it,  which 
is  not  only  inelegant,  but  causes  the  reader  some  pains  to  find  out 
what  is  meant.     For  example,  "  But  after  the  pith-ball  has  been 
in  contact  with  the  glass  rod,  it  no  longer  comes  towards  it,  but 
flies  away  "  (p.  75).     "  If  we  rub  the  glass  with  silk,  then  balance  it 
and  present  the  finger  to  it,  it  is  attracted  "  (p.  78).     "  On  pre- 
seutino-  the  knuckle  to  the  cover  A,  after  it  is  lifted  off,  a  spark  of 
positive  electricity  passes  to  it,  and  the  plate  is  discharged  "'  (p.  88), 
"  If  a  bar  magnet  is  brought  near  this  loop,  it  Avill  be  made  to  turn, 
following  the  bar  magnet,  or  being  repelled  from  it "  (p.  31).     The 
Carrier  is  described  as  follows  : — "This  consists  of  a  metallic  ball, 
a  wooden  ball  covered  with  tin-foil,  a  gold-leaf,  or  some  similarly 
conducting  material,  attached  either  to  a  glass  handle  or  suspended 
by  a  silk  thread,  in  order  to  insulate  it."     A  tyro  in  electricity  is 
not  likely  to  discern  the  meaning  of  this  description  at  first  sight. 
Owing,  probably,  to  the  progressive  character  of  the  book,  many 
of  the  statements  are  not  exact  enough.     Is  there  any  advantage 
in  making  a  science  simpler  than  it  really  is  ?     For  example,  it  is 
said  of  the  Carrier  {loc.  cit.)  : — "  The  charge  of  electricity  brought  by 
the  carrier  is  of  the  same  kind  as  that  of  the  body  to  be  tested, 
and   affects  the    electroscope  exactly  in  the  same  way  as  if  the 
body  itself  were  brought  near  it."     At  pp.  o2  and  71  magnets 
and  magnetic  poles  are  mixed  up  in  a  manner  which  will  gi^e  the 
student  some  trouble  to  unravel.     "What  is  meant  by  "placing  two 
magnets  at  unit  distance  apart  "  ?     We  have  the  analogy  between 
potential  and  level  carried  a  little  further  than  usual,  thus : — "  The 
electrical  capacity  of  any  body  may  be  measured  by  the  quantity 
of  electricity  required  to  charge  it  to  a  given  potential ;  just  as  the 
capacity  of  a  cistern  for  water  may  be  measured  by  the  quantity  of 
water  required  to  fill  it  to  a  given  level"  (p.  111). 

As  regards  the  third  point,  we  have  at  p.  51  a  contradiction 
within  the  compass  of  a  paragraph.  "  If  we  could  increase  the 
weight  of  the  bob  without  altering  the  amount  of  substance  com- 
posing it,  we  should  lessen  the  number  of  oscillations  per  minute ; "' 
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and  "  If  we  wish  to  double  the  number  of  oscillations  per  minute 
we  must  multiply  the  force  by  four,  etc." 

As  regards  the  woodcuts,  we  notice  one  very  commendable 
feature — namely  the  introduction  of  a  symbolical  figure  to  represent 
a  battery,  electrometer,  or  other  instrument  fx'equeutly  occurring  in 
experimental  arrangements.  In  the  description  of  A\^inter's  elec- 
trical machine,  reference  is  made  more  than  once  to  a  liuob  P ;  but 
ill  the  woodcut  no  P  is  discernible. 

The  Calendar  of  the  Departments  of  Law,  Science,  and  Literature  oj 

the  Tolcio  Dai-Gaku  {University  of  Tolcio),  1880-81. 
The  scientific  papers  of  the  Tokio  University  have  been  previously 
noticed  (Phil.  Mag.  vol.  xiii.  p.  367,  May  1882) ;  and  the  above 
work  will  show  the  interest  and  importance  which  the  Japanese 
government  attach  to  the  progress  of  education  by  the  estabhsh- 
ment  of  the  Tokio  Dai-Graku  or  University,  which  could  not  have 
attained  to  its  present  state  of  progi-ess  had  it  not  been  favoured 
by  the  generosity  of  the  Government,  in  devoting  a  large  amount  of 
money  for  instruction  in  the  higher  branches  of  study ;  and  it  ia 
the  intention  of  the  authorities  connected  with  it,  while  pursuing 
its  original  object,  to  still  further  make  such  possible  improvements 
that  the  standard  of  scholarship  attained  in  it  may  equal  that  of 
the  Universities  of  Western  countries. 

The  historical  summazy  contains  a  brief  sketch  of  the  rise  and 
progress  of  education  from  the  introduction  of  AVestern  learning  in 
the  early  part  of  the  last  century,  \\hen  medical  science  and 
astronomy  became  gradually  known  to  the  people ;  and  sub- 
sequently to  1744  three  observatories  were  established,  two  at 
Asakusa  and  one  on  the  hill  at  Kudan,  in  which  astronomical  ob- 
servations were  made,  and  an  almanac  was  compiled. 

In  the  beginning  of  the  present  century,  about  1811,  it  was 
considered  a  pressing  necessity  to  understand  the  condition  of 
foreign  nations,  and  to  adopt  such  of  the  better  arts  as  they  might 
have.  Accordingly  Dutch  works  were  first  translated  and  the 
Dutch  language  taught,  to  which,  in  1857,  English,  French,  German, 
and  Russian  were  added,  and  courses  of  Mathematics,  Chemistry, 
and  Botany  successively  established. 

After  this  time,  in  1862,  various  modifications  and  improvements 
in  the  educational  department  took  place  ;  instruction  in  German, 
French,  and  English  was  given;  but  in  1875  all  this  was  altered, 
and  the  latter  language  was  onl}"-  to  be  used.  Students,  however, 
were  sent  to  other  countries  to  continue  their  studies. 

Since  the  first  permanent  establishment  of  the  Tokio  Dai-Gaku 
various  modifications  have  been  made,  until  it  has  arrived  at  its 
present  state,  which  embraces  the  departments  of  the  Law,  Science, 
Literature,  and  Medicine. 

Although  the  special  courses  of  instruction  are  mainly  given  in 
the  English  language,  and  the  student  is  taught  either  French  or 
German,  it  is  the  intention  ultimately  to  use  the  Japanese  language 
in  all  the  Departments. 
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ON  THE  EFFECTS  PRODUCED  IN  A  VACUUM  BY  THE  CUEEENT    OF 
THE  GEAMME  MACHINES.     BY  M.  JAMIN. 

\  S  soon  as  Davy  had  discovered  the  electric  arc  he  hastened  to 
-^^  reproduce  it  in  an  enclosure  void  of  air,  in  order  to  avoid  the 
combustion  of  the  carbons.  He  saw  that  it  could  be  enlarged,  that 
the  carbonaceous  raaterial  was  carried  from  the  positive  to  the  nega- 
tive pole,  that  the  former  was  more  luminous  than  the  latter,  but 
that  the  genei'al  aspect  of  the  phenomenon  did  not  change.  Des- 
pretz  repeated  the  experiment  with  a  more  eiiergetic  battery,  and 
ascertained  that  the  carbon  volatilized  under  the  electric  action  was 
deposited  on  the  sides  of  the  glass  balloon  as  soon  as  the  intensity 
of  the  current  exceeded  a  certain  limit.  It  is  probable  tliat  this 
deposition  of  carbon  takes  place  in  all  cases,  but  does  not  begin  to 
be  ascertainable  until  the  intensity  is  very  great. 

Things  happen  quite  otherwise  when  instead  of  a  battery  a 
Euhmkorif  induction-coil  is  employed.  Jt  is  known  that  it  gives 
rise  to  successive  induction-currents  in  opposite  directions :  the 
first  currents,  inverse,  have  too  little  tension  to  clear  the  distance 
separating  the  points,  and  produce  nothing ;  the  second,  direct, 
acquire  at  last  an  enormous  tension,  but  have  little  duration  and 
transport  but  a  slight  quantity  of  electricity.  The  -nhole  therefore 
reduces  to  successive  almost  instantaneous  discharges  separated  by 
comparatively  i)rolouged  intervals  of  rest,  to  sparks,  and  in  vacuo  to 
emanations  of  light ;  but  there  is  never  an  electric  ai'c,  because  the 
quantity  of  electricity  is  insufficient. 

Gramme  machines  with  alternating  currents  participate  at  the 
same  time  in  the  properties  of  batteries  and  the  induction-coil, 
while  presenting  some  special  charactjers  :  they  give  two  alternately 
contrary  currents ;  but  these  are  equal,  last  the  same  time,  are 
separated  by  only  a  bi'ief  interval,  and  transport,  on  account  of 
their  duration,  a  large  sum  of  electricity.  They  could  be  replaced 
by  a  battery  the  direction  of  which  changed  periodically  and  with- 
out interruption  ;  but  they  differ  from  a  battery  by  the  great  inten- 
sity of  their  currents  :  when  one  of  these  is  ending  it  is  augmented 
by  the  extra  current ;  when  commencing,  it  profits  by  the  inverse 
electromotive  force  of  the  preceding  current,  as  I  have  demon- 
strated*. In  short,  the  effects  will  be  those  of  batteries  with  an 
aggravation  due  to  the  enormous  tension,  and  those  of  the  induc- 
tion-coil with  the  aggravation  resulting  from  a  larger  quantity  of 
electricity.  This  is  verified  by  experiment.  In  air,  instead  of  a 
single  arc,  several  can  be  lighted ;  and  the  number  of  them  is  mul- 
tiplied by  increasing  the  tension — that  is,  by  diminishing  the  sec- 
tion and  increasing  the  length  of  the  induced  wire  as  well  as  the 
velocity  of  the  rotation.     This  has  permitted  me  to  maintain  sixty 

*  Comptes  Hendus,  t.  xcii.  p.  1201. 


Intelligence  and  Miscellaneous  Articles.  537 

lights  by  a  machine  which  origiually  supported  ouly  eight.  The 
results  in  the  imperfect  vacuum  of  an  air-pump  might  j^et  have 
been  in  part  foreseen  ;  and  they  are  very  curious,  as  you  will  see, 
and  as  1  have  just  observed  with  the  cooperation  of  one  of  my 
pupils,  M.  G.  Maneuvrier. 

Taking  an  electric  egg,  I  placed  in  it,  face  to  face,  two  carbons 
of  15  centim.  length,  4  millim.  diameter,  separated  by  an  interval 
of  4  millim.  When  the  exhaustion  reached  about  12  millim.  the 
light  began  to  spirt  out  spontaneously,  not  in  the  form  of  a  bril- 
liant arc  confined  between  the  points,  but  starting  from  all  parts  of 
the  carbons,  with  the  ordinary  appearance  of  the  emanations  in 
Geissler's  tubes.  Each  of  them  showed,  at  the  same  time,  the 
appearances  which,  with  the  induction-coil,  characterize  the  two 
poles — that  is  to  say,  the  blue  aureole  enveloping  the  surface  of  the 
two  cylinders,  which  belongs  to  the  negative  pole,  and,  besides,  the 
paler  stratified  light  due  to  the  positive  pole.  It  shot  forth  normal 
to  the  outline  of  the  carbons  ;  and  the  whole  balloon  was  filled  with 
light.     The  experiment  is  one  of  the  most  beautiful  to  be  seen. 

Thus  the  two  currents  contribute  each  an  equal  share  to  the  pro- 
duction of  the  phenomenon,  which  is  that  of  the  Geissler  tubes, 
but  which  assumes  an  incomparable  s])lendour  because  of  the  con- 
siderable quantity  of  electricity  that  passes  and  rapidly  modifies 
the  observed  appearances.  In  fact  the  carbons  become  heated, 
redden,  and  arrive  at  a  pale  whiteness,  not  only  at  their  extremity, 
but  throughout  their  leugth ;  they  are  then  rapidly  volatilized  by 
the  combined  effect  of  the  heating  and  the  currents.  Whatever 
may  be  the  cause  of  this  volatilization,  it  is  certain  that  a  carbona- 
ceous material  is  diffused  in  the  state  of  vapour.  The  balloon 
becomes  filled  with  a  blue  gas  very  similar  to  iodine  vapour,  whicli 
deepens  more  and  more  in  colour  to  indigo.  After  this  the  vapours 
condense  abundantly  upon  the  sides  of  the  balloon,  which  become 
opaque  ;  and  this  terminates  the  experiment.  The  deposit  collected 
resembles  finely  divided  carbon,  and  dissolves  with  effervescence 
and  incandescence  in  nitric  acid.  Is  it  pure  carbon,  or  a  hydro- 
genated  compound  of  carbon  ?  That  is  a  question  which  I  reserve 
for  ulterior  examination. 

To  avoid  this  forced  termination  of  the  experiment,  I  have 
replaced  each  carbon  by  two  eq\ial  bundles  of  crayons  fitted  to  the 
two  rheophores,  and  cUverging  in  the  direction  of  the  generatrices 
of  two  cones  with  their  bases  opposite.  In  this  case  tte  currents 
divide  into  a  great  number  of  emanations  less  intense  than  the 
single  one  ;  all  the  carbons  become  luminous  at  once  ;  and  the  more 
numerous  they  are,  the  less  heated  do  they  become.  There  is 
almost  no  volatilization ;  and  the  effect  is  prolonged  as  much  as  one 
pleases. 

I  have  replaced  the  carbons  by  copper  rods  of  3  millim.  diameter 
and  divergiug  from  the  rheophore.  The  same  eft'ect  is  produced 
with  still  gi-eater  splendom-.  If  the  current  is  too  intense,  the 
copper  melts.  It  is  always  in  part  volatilized,  and  is  deposited  in 
a  thin  coat  upon  the  balloon.     It  is  evident  that  the  experiment 
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will  be  varied  by  employing  different  metals,  different  gases,  and 
working  under  different  pressures ;  I  shall  have  the  honour  of 
making  known  to  the  Academy  the  results. — Comptes  Rendus  de 
VAcademie  des  Sciences,  May  8, 1882,  t.  xciv.  pp.  1271-1273. 


ON  THE  EMPLOYMENT  OF  ROTATING  DISKS  FOR  THE  STUDY  OF 
COLOURED  SENSATIONS.  THE  RELATIVE  INTENSITY  OF 
COLOURS.   BY  A.  ROSENSTIEHL. 

In  continuing  my  researches  upon  the  coloured  sensations,  I 
have  been  led  to  examine  a  problem  which  has  hitherto  appeared 
inaccessible — that  of  the  relative  intensity  of  colours.  What 
common  measure  can  there  be  between  a  red  and  a  yellow,  a  blue 
and  a  violet  ?  It  seems  at  first  sight  impossible  to  set  up  a 
numerical  comparison  between  values  which  appear  so  different  in 
kind ;  and  yet  this  comparison  is  possible,  thanks  to  a  well-known 
special  property  of  the  eye. 

Between  the  different  colours  which  have  received  names  an 
infinity  can  be  intercalated  which  form  the  insensible  transition 
from  the  one  to  the  other  without  a  break.  The  series  is 
continuous,  and  closes  upon  itself  like  the  perimeter  of  a  polygon. 
Besides  (and  I  cannot  sufficiently  insist  upon  the  peculiarity),  this 
whole  includes  an  infinity  of  sensations  which,  associated  in  twos, 
produce  a  sensation  identical  for  all,  that  of  white.  We  find 
nothing  analogous  in  the  sensations  of  the  ear ;  and  it  is  this 
highly  characteristic  circumstance  that  gives  a  common  measure 
between  the  different  colours. 

In  my  previous  Notes,  adopting  and  precisely  defining  Young's 
theory,  I  laid  it  down  as  a  principle  that  the  sensation  of  white 
results  from  the  equal  excitation  of  three  primary  sensations. 
Consequently  every  pair  of  complementary  colours  represents  in 
its  combination  the  mixture  of  the  three  primary  colours  at  equal 
intensity.  This  notion  of  equal  intensity  was  introduced  into  a 
graphic  construction,  which  was  discussed;  and  I  verified  the 
principles  on  which  it  is  based. 

It  is  necessary  to  distinguish  between  intensity  of  coloration 
and  total  luminous  intensity.  By  adding  the  sensation  of  white 
in  different  proportions  to  a  coloured  sensation  of  constant  inten- 
sity, colours  of  the  same  intensity  of  coloration,  but  of  different 
total  luminous  intensity,  are  obtained.  These  colours  have  for 
their  common  measure  the  angle  of  the  sector  of  the  comple- 
mentary necessary  to  extinguish  all  coloured  sensation  ;  and, 
generally,  the  angle  of  the  sector  of  the  comjjlementanj  colour  is  in 
the  inverse  ratio  of  its  coloration-intensitj/.  The  an<jle  of  the  white 
sector  *  is  in  the  direct  ratio  of  the  toted  luminous  intensity. 

*  It  will  be  remembered  that,  in  all  my  experiments,  the  intensity  of  the 
sensation  of  white  is  naeasurcd  by  the  angle  of  a  sector  painted  white  with 
sulphate  of  barium,  which  is  set  in  rapid  rotation  in  front  of  an  absolutely 
black  orifice. 
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When  the  colours  have  not  the  same  complementary,  the  graphic 
construction  is  indispensable  for  the  determination  of  the  intensity. 


From  the  point  O,  I  draw  three  lines  OA=OB=OC,  the  length 
of  which  is  proportional  to  the  intensity  of  the  colours  A,  B,  C, 
which  I  regard  as  primary  sensations,  and  which,  for  that  reason, 
are  placed  at  an  angular  distance  of  120°  from  one  another.  The 
places  of  the  colours  resulting  from  the  mixture,  in  twos,  of  the 
three  primary  sensations  are  necessarily  upon  the  sides  of  the 
triangle  ABC.  Their  distances  from  the  vertices  are  in  the 
inverse  ratio  of  the  coloured  sectors  necessary  to  produce  them ; 
and  their  distances  from  the  point  O  represent  their  coloration- 
intensities.  In  this  conception  the  point  O  is  not  regarded  as  the 
centre  of  gravity  of  the  triangle ;  it  represents  not  the  place  of  the 
■white,  but  the  absolute  blach. 

The  intensity  of  the  binary  colours  being  given  by  the  con- 
struction, it  is  easy,  with  the  aid  of  rotating  disks,  to  compare 
with  it  the  coloiu-ed  surfaces  the  intensity  of  which  we  wish  to 
know. 

Let  there  be  required  to  find  the  intensity  of  coloration  of  a  red 
surface  S.  I  mix  C  and  B  so  as  to  obtain  red,  which  I  reproduce, 
in  another  part,  with  a  sector  S,  of  which  the  angle  a  is  given  by 
experiment.  Let  E  (in  the  figure)  be  the  point  occupied  by  the 
red ;  we  have 

OR  ^j^ 
OB         360' 

from  which  we  get  for  the  intensity  of  coloration  I  of  the  surface  S 

OR  X  360 


1  = 


ax  OB* 


This  method  is  susceptible  of  verification.     Knowing  the  in- 
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tensities  of  two  complementary  colours,  we  know  the  ratio  of  their 
intensities.  From  this  ratio  we  deduce  the  angles  of  the  sectors 
"which  ought  to  reproduce  the  sensation  of  white — a  condition 
easily  verified  by  direct  experiment.  The  following  Table  contains 
the  result  of  this  measurement  for  ten  pairs  of  complementary 
colours  copied  upon  the  chromolithographed  circle  by  M.  Digeon, 
from  the  chromatic  circle  of  M.  Chevreul,  whose  nomenclature  I 
have  retained. 

Ratio  of  the  coloration-intensities,  given 


»w 


by  the  construction.       by  direct  experiment. 

3rd  yellow-green  and  Wolet    1-17  l-2b 

4th  green  and  red    3-72  3-73 

Blue-green  and  orange    6*80  6-70 

1st  blue-green  and  orange-yellow  .  .  6'28  6-20 

Blue  and  vellow 374  3-80 

2nd  blue  and  1st  yellow 3-13  3-18 

3rd  blue  and  complementary  yellow  3-07  3*00 

4th  blue  and  2nd  vellow .  .  . '. 2-16  2-21 

Violet-blue  and  4th  yellow 2-16  2-13 

2nd  violet-blue  and  yellow-green   .  .  2-18  2-00 

The  accordance  between  experiment  and  construction  is  one  of 
the  most  complete,  so  that  the  latter  can  be  regarded  as  summing 
up  exactly  the  state  of  our  knowledge  respecting  the  mixing  of 
coloiu*s.  It  gives  for  each  the  proportion  of  the  primary  sensations 
CE. :  HB,  the  coloration-intensity  OR,  the  complementary  V,  the 

OTt 

ratio  of  the  sectors  of  a  pair  of  complementary  colours  — —  ne- 
cessary to  produce  the  sensation  of  white,  the  intensity  of  that 
sensation,  the  total  luminous  intensity,  the  triads,  &c. 

Having  obtained  all  these  concordant  numerical  results,  I  could 
not  resist  the  desire  to  advance  a  step  further  and  examine  if  it 
was  possible  to  express  the  intensity  of  a  colour  by  its  ratio  to 
that  of  white,  and  thereby  to  learn  what  is  the  distance  which  still 
separates  the  finest  colours  obtained  with  colouring-matters  from 
those  which  the  eye  is  susceptible  of  perceiviug. 

In  regard  to  the  total  luminous  intensitv  that  ratio  has  been 
exactly  determined.  The  finest  aniline-blue  represents  only  one 
fifteenth,  and  the  chromates  of  lead  one  seventh,  of  the  intensity  of 
the  white  obtained,  for  one  and  the  same  illumination,  with 
barium  sulphate.  For  the  coloration-intensity  the  difference 
would  be  still  greater ;  and  hence  it  is  evident  that  the  chemistry 
of  colouring-matters  owes  us  yet  much  progress  before  it  can 
realize  what  light  can  give  us  and  what  the  eye  is  capable  of 
perceiving. — Comptes  Rendus  de  VAcademie  des  Sciences,  May  22, 
1882,  t.  xciv.  pp.  1411-1414. 
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1.  Researches  on  Melting-point.  By  Edmukd  J.  Mills,  D.Sc, 
F.R.S.,  "  Young''  Professor  of  Technical  Chemistry  in 
Anderson's  College  Glasgow*. 

IF  we  desire  to  ascertain  the  purity  of  a  chemical  substance 
— in  other  AA^ords,  to  establish  its  species — two  lines  of 
investigation  are  open  to  us.  We  may  (1)  by  analytical 
means  determine  the  composition,  or  (2)  measure' by  physical 
methods  some  natural  property  of  the  body.  Both '^  modes  of 
research  require  that  what  is  determined — whether  composi- 
tion or  natural  property — shall  be  constant  over  a  fair  rano-e 
of  genetic  condition.  Both  modes  also  involve  a  considerable 
amount  of  inference  ;  but,  of  the  two,  far  less  is  demanded  by 
the  methods  of  physical  science,  which  are,  as  a  rule,  distin- 
guished by  their  greater  certainty  because  of  their  experi- 
mental directness.  To  the  property  of  melting,  these  charac- 
teristics are  preeminently  applicable. 

The  accurate  ascertainment  of  melting-point,  in  terms  of 
the  air-thermometer,  supplies  us  with  physical  constants  of 
considerable  importance.  While  the  readings  of  the  mercurial 
thermometer  are  subject  to  grave  correction — its  zero,  in 
particular,  being  never  stationary, — it  is  most  unlikely  that  the 
melting-point  of  a  substance  will  vary  in  any  ordinary  interval 
of  time,  under  any  common  change  of  pressure,  or  with  trans- 
ition to  a  distant  latitude.  Actuated  chiefly  by  these  consi- 
derations, I  undertook  the  researches  of  which  "an  account  is 
comprised  in  the  following  sections. 

*  Commimicated  by  the  Author. 
Fhil.  Mag.  S.  5.  Vol.  14.  No.  85.  July  1882.  B 
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A.  Benzol  Derivatives. 

1.  Dinitrobenzol. — The  benzol  from  which  specimens  A  and 
C  were  prepared  had  been  purified  by  myself,  first  by  frac- 
tional distillation,  then  by  fractional  distillation  after  treatment 
with  bromine,  and,  lastly,  by  freezing  and  pressure.  The 
preparation  of  the  dinitro-compound  was  effected  with  the  aid 
of  hydric  sulphate.  The  crude  product  was  washed  with  water, 
alkaline  water,  and  water  successively,  and  then  submitted  to 
a  process  of  purification  repeatedly  adopted  in  these  experi- 
ments. 

[The  process  in  question  consists  in  crystallization  from 
distinct  successive  solvents,  followed  each  time  by  pressure.  It  is 
Avell  known  that  small  quantities  of  impurity  are  prone  to  cling 
to  substances  with  much  tenacity;  but  the  observation  has  most 
frequently  lieen  made  in  connexion  with  some  single  solvent. 
One  can  readily  conceive  that  the  tenacity  with  which  a  given 
trace  of  a  foreign  body  is  held  may,  under  such  circumstances, 
be  in  effect  constant.  If,  however,  we  now  transfer  the  mix- 
ture to  a  new  solvent,  then,  we  may  fairly  presume,  the  trace 
vaW  be  in  a  condition  of  altered  adhesiveness,  and  may  be 
much  more  readily  separable.  It  is  of  course  not  easy  to 
decide  whether  this  result  is  always  attained,  or  whether  the 
later  solvent  makes  any  impression  at  all;  but  it  will  probably 
be  granted  that  the  method  of  multiple  successive  solvents  is 
in  general  expedient  to  adopt. 

After  each  crystallization  the  crystals  were  in  all  cases  sub- 
mitted to  powerful  pressure  between  folds  of  carefully  cleansed 
linen  or,  occasionally,  of  silk  tissue.  The  surface-tension  of 
the  dissolved  impurities  appears  to  be  for  the  most  part  consi- 
derable; and  this,  aided  by  mechanical  compression,  greatly 
economizes  the  time  required  in  preparing  a  pure  substance. 

The  pressed  crystals  were  next  reduced  to  a  very  fine  powder, 
and  dried  for  eleven  days  over  oil  of  vitriol  in  the  dark.  Care 
was  taken  never  to  make  determinations  with  substances  pre- 
viously melt«d;  for  it  not  unfrequently  happens  that  a  second 
melting  takes  place  at  an  appreciably  different  temperature.] 

Specimens  A  and  C  were  crystallized  twice  from  naphtha, 
and  thrice  &c.  (A3  &c.,  C3  &c.)  from  purified  alcohol.  Spe- 
cimen B  was  given  me  by  Mr.  C.  E.  Groves,  who  had  prepared 
it  from  thrice  frozen  and  pressed  benzol.  It  was  crystallized 
once  from  water,  once  from  naphtha,  once  &c.  (B,  &c.)  from 
pure  alcohol.     The  results  are  contained  in  Table  I. 

Dinitrobenzol  melts  with  some  sharpness  after  a  decided 
pasty  stage.  It  strongly  resists  pulverization — a  character 
more  especially  observable  in  specimen  B. 
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Table  I. 


A3. 

A,. 

B,. 

B,. 

B,. 

C3. 

0,. 

0 

0 

0 

0 

0 

0 

0 

89-86 

89-71 

89^79 

89-75 

89-64 

89^73 

89-67 

•75 

-71 

•82 

•78 

-71 

•62 

-59 

•75 

-74 

•71 

•70 

-66 

•73 

-62 

•78 

-68 

•71 

•70 

-64 

•76 

•67 

•73 

-84 

•66 

-70 

-66 

•73 

•64 

•75 

-76 

•68 

•70 

-74 

•70 

•73 

•81 

-82 

•79 

-67 

-71 

•76 

•64 

•78 

•79 

•66 

-80 

-69 

•73 

•62 

•81 

-84 

•71 

•78 

•71 

•65 

•75 

•67 

•84 

•68 

-70 

•74 

•78 

•70 

•75 

•79 

•79 

-70 

•71 

•76 

-62 

•59 

•82 

•76 

-83 

•62 

•73 

-78 

•81 

•82 

•66 

-72 

•64 

•68 

-70 

•83 

•71 

-74 

-72 



•65 

-59 

Mean 

89^76 
•012 

89^78 
•010 

89-73 
•010 

89-73 
■008 

89^68 
•007 

89^71 
•008 

89-67 
-010 

Probable  error  . . . 

Thermometer    . . . 

2 

2 

2 

2 

3 

2 

2 

2.  Dicldorohenzol. — For  this  specimen  I  was  indebted  to 
Dr.  Hugo  Miiller,  avIio  prepared  it  by  his  well-known  process 
of  chlorination,  which  consists  in  treating  hydrogenated  bodies 
Avith  chlorine  in  presence  of  iodine.  It  was  crystallized  twice 
from  naphtha,  and  fonr  times  &c.  (A4  &c.)  from  alcohol. 
Dichlorobenzol  melts  very  suddenly. 

Table  II. 


A,. 

U 

0 

A7. 

A.. 

A„. 

Ar 

0 

0 

0 

0 

0 

0 

52-61 

52-72 

52-66 

52-74 

52-74 

5274 

52-83 

-66 

•72 

•71 

-72 

-72 

•76 

•75 

-74 

•70 

•71 

•69 

-69 

•72 

•75 

-71 

•67 

•74 

-69 

•74 

•66 

•75 

•74 

•75 

•79 

-72 

-74 

•72 

•78 

•79 

•72 

•74 

-69 

-72 

•72 

•73 

•74 

•75 

•76 

-69 

•69 

•64 

•73 

•71 

•72 

•79 

•72 

•74 

•76 

•70 

•76 

•72 

-71 

-66 

•76 

•76 

•75 

•71 

•75 

•71 

-69 

•69 

•76 

•73 

•69 

•77 

•68 

-69 

•76 

•76 

•73 

•76 

•75 

•74 

-72 

•72 

•74 

•67 

■74 

•72 

•74 

-69 

•74 

•72 

•75 

•79 

•75 

•74 

-66 

•76 

•74 

•73 

Mean 

52^72 

52-73 

52-73 

52-70 

52-73 

52-73 

52-74 

Probable  error  . . . 

•008 

•004 

-006 

•004 

•004 

•006 

•006 

Thermometer    . . . 

3 

3 

3 

3 

•1 
0 

3 

2 

3.  Dihromohenzol. — A  was  a  sample  prepared  by  heating 

B  2 
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benzol  (permanently  reddened  by  bromine)  for  a  short  time 
nearly  to  boiling,  washing  and  rectifying  the  product.  The 
benzol  thus  purified  was  used  in  preparing  benzol  by  Couper's 
process*;  and  from  this  product,  on  distillation,  a  residue  of 
dibromobenzol  was  obtained.  This  was  crystallized  once  from 
spirit,  twice  from  naphtha,  and  thrice  from  spirit ;  at  the  last 
crystallization  the  substance  was  only  partly  dissolved ;  and  the 
crystals  obtained  from  the  solution  were  alone  examined. 
C  was  ])repared  from  the  monobromobenzol  above  referred  to. 
The  product  of  Couper's  process  always  contains  a  little  dibro- 
mobenzol, which  cannot  be  removed  in  the  ordinary  way. 
This  was  allowed  to  remain.  Traces  of  another  solid  impurity 
were  precipitated  by  exposure  to  sunlight  for  some  weeks  in 
presence  of  solid  potassic  hydrate,  followed  by  filtration  and 
distillation.  Finally  the  purified  monobromobenzol  was  mixed 
with  bromine  in  the  proportion  Ce  H5  Br  :  Brj,  and  left  for 
some  weeks  in  the  laboratory,  during  which  it  was  once  heated 
in  the  water-bath.  The  product  was  washed  with  aqueous 
caustic  soda,  some  unaltered  monobromobenzol  removed  by 
partial  distillation  with  water,  and  the  remainder  ci'ystallized 
once  from  alcohol,  once  from  naphtha,  and  once  from  alcohol 
in  presence  of  charcoal  (Ci):  successive  fractions  (Co  &c.) 
from  alcohol  were  then  taken.  Cga  was  obtained  from  a  hot 
liquid  which  had  deposited  about  half  its  contents,  which  I 
have  named  Cg^?. 

Dibromobenzol  melts  nearly  as  sharply  as  dichlorobenzol. 
It  is  hardly  possible  to  trace  a  pasty  stage. 

Table  III. 


1 
A.     1     A.     1    C,. 

1             1 

1 

G,.        C,. 

1 

0,.       C5. 

C'ea- 

Cgp. 

c.           I      0           1      0 

0 

0 

0         00 

0 

87-08    87-05  '87-10 

86-97 

87  06  :  87-10  i  87-04  !  87-06  1  87-10 

87-03  i  87-07    8(5-99 

87-08 

87-01  .  87-05  1  87-01    87-06    87-05 

86-87  i87  03    87-12 

86-97 

87-03  '  87-10  !  87-01    87-03    86-94 

86-97  ;  87-05    86-99 

87-16  '87-03    87-10  187-01  ,86-98 

87-07 

87-00    87-01    87-10 

87-13  187-11  187-05  187-01  1  87-09 

87-07 

86-97    86-96  1  8707 

86-99  i  87-01  '  87-07  !  87-01  \  87-06    8707 

86-95  1  87-01  1  86-97 

87-08  i  87-01     87-04  1  86-96  i  87-06  '  87-05 

87-03  187-01 

87-12 

87-13    86-98  187-06 

87-01  ,87-06 

87-05 

87-03    87-05 

86-99 

87-05    87-11  '87-15 

86-99    87-06 

87-02 

87-08    87-10 

87-02 

87-05    87  03  '87-07  187-04  '87-11  !  87-02  | 

87-00  1  87-01 

86-99 

87-10 

87-01  1  87-13  :  86-99    8703  :  87-02 

87-03 

87-03 

87-12 

87-08 

87-03  j  87-04    86-99  ;  87-10  1 87-02 

86-97 

87-12 

,            1 

87-03 

87-09 

1 

Mean 

87-00  187-04 
•010'     -007 

87-05 
•Oil 

8706 

«7-n4     S7-nft     87-01    '  S7-nfi  1 

.ct7-n4. 

Probable  error. 

•012      -007      -007      -004      -006:    '-008 

Tliermumeter .. 

2           4           2 

1 

2           2           2           2"'*' 

*  Amu  aiim.  Phys.  [3]  lii.  p.  309. 
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4.  Diniti'ohromobenzoL — Benzol  purified  by  bromine  distil- 
lation, and  freezing,  was  brominated  by  the  Couper  process, 
and  freed  from  dibromobenzol  by  heating  to  the  boiling-point 
with  a  mixture  of  Nordhausen  and  common  oil  of  vitriol ; 
this  treatment  was  followed  by  washing  and  distillation. 

Sample  A  was  prepared  from  the  above  bromobenzol  by 
Kekule's  method^.  The  crude  product  amounted  to  148  per 
cent.,  theory  requiring  157  per  cent. :  it  contained  a  small 
quantity  of  an  oily  body.  This  was  crystallized  twice  from 
naphtha  and  five  times  &c,  (A,,  &c.)  from  alcohol. 

The  crystals  of  dinitrobromobenzol  are,  as  observed  by 
Kekule,  remarkably  large  and  well  defined.  They  powder 
harshly,  like  rosin.  The  concentrated  alcoholic  solution  emits 
sound  as  it  crystallizes. 

Dinitrobromobenzol  melt*,  with  considerable  sharpness. 

Table  IV. 


1 

A3. 

A3. 

A.. 

K- 

A,. 

A,o- 

A 10' 

0 

0 

0 

0 

0 

0 

0 

70-53 

70-54 

70-56 

70-68 

70-67 

70-68 

70^56 

•53 

•51 

-64 

-55 

•54 

•71 

•59 

•50 

•65 

•61 

•55 

•64 

•55 

•53 

•53 

•49 

•64 

•55 

•67 

•71 

•53 

•48 

•51 

-56 

•57 

•54 

•55 

•56 

•53 

-57 

•67 

•68 

•70 

•60 

•66 

•61 

•51 

•59 

•57 

•56 

•60 

•66 

•58 

•65 

•59 

•68 

-64 

•63 

•56 

•66 

•59 

•48 

•57 

•59 

•68 

•46 

•53 

•57 

•67 

•68 

•59 

•60 

•69 

•64 

•54 

•69 

•63 

•67 

•57 

•71 

•48 

•54 

•67 

•65 

•62 

•68 

•50 

-67 

•64 

•63 

-67 

•57 

•56 

-62 

-67 

•63 

•67 

•57 

1  Mean 

70-55 

70-57 

70-6-2 

70-61 

70-62 

70-62 

70^59 

Probable  error  . . . 

•010 

•010 

•010 

•009 

•009 

•010 

•015 

Thermometer    . . . 

2 

2 

2 

2 

2 

2     1 

3 

5.  Nitroclihromohenzol. — Sample  A,  from  (D)  dibromobenzol 
(q.  V.)  which  had  been  crystallized  once  from  alcohol,  once 
from  naphtha,  and  once  from  alcohol.  25  grm.  of  substance 
were  gently  heated  with  250  cub.  cent,  of  "fuming  nitric 
acid,"  and  allowed  to  cool  during  a  rather  longer  period.  The 
product,  purified  by  means  of  water  and  ammonia,  contained  a 
little  oily  impurity,  and  weighed  28"5  grm.  (=114  per  cent., 
theory  requiring  119*1  per  cent.)  :  it  was  crystallized  twice 
from  naphtha,  and  thrice  &c.  (A3  &c.)  from  alcohol. 

*  Ann.  Chem,  Pharm.  cxxxvii.  p.  167. 
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B  Nvas  prepared  from  another  portion  of  (D)  dibromobenzol. 
25  grm.  were  gently  heated  for  two  hours  with  250  cub.  cent, 
nitrate  as  before,  and  allowed  to  cool  during  twenty-one 
hours.  The  pressed  product,  which  had  at  first  contained  an 
oily  body,  weighed  17  grm.  (  =  68  per  cent.):  it  was  crystal- 
lized twice  from  naphtha,  and  thrice  &c.  (B3  &c.)  from  alcohol. 

The  melting-point  of  nitrodibromobenzol  is  satisfactorily 
sharp. 

Table  V. 


A3. 

A, 

A5. 

B3. 

B,. 

B,. 

B5. 

0 

0 

0 

0 

0 

0 

0 

83-49 

83-43 

83^46 

83-46 

83-49 

83-50 

83-32 

•53 

•48 

•46 

•49 

•49 

•52 

•49 

•47 

•46 

•51 

•46 

•44 

•50 

•44 

•55 

•54, 

•43 

•43 

•54 

•45 

•47 

•47 

•46 

•49 

•46 

•49 

•52 

•49 

•55 

•43 

•43 

•44 

•46 

•48 

•55 

•53 

•48 

•51 

•39 

•57 

•52 

•57 

•53 

•54 

-49 

•49 

•52 

•50 

•49 

•47 

•54 

•49 

•46 

•52 

•50 

•41 

•49 

•48 

•46 

-52 

•52 

•60 

•52 

•53 

•51 

■49 

•44 

•41 

•50 

•52 

•55 

•51 

-49 

-46 

•49 

•52 

•49 

Mean 

83-51 
•006 

83-49 
•007 

83-48 
-005 

83-46 
■006 

83^49 
-008 

83-51 
-006 

83^50 
-008 

Probable  eiTor  ... 

Thermometer    ... 

2 

2 

2 

2 

2 

3 

2 

B.  Aniline  Derivatives. 

1.  Monoclilor aniline. — Sample  A  was  prepared  from  chlori- 
nated acetanilide*,  free  from  toluol.  It  was  purified  by  solu- 
tion in  aqueous  hydric  chloride,  evaporating  thrice  to  dryness 
after  filtration,  precipitating  with  ammonia,  and  distilling  in 
a  current  of  steam.  The  product  was  crystallized  twice  from 
naphtha,  and  thrice  &c.  (A3  &c.)  from  alcohol. 

B  was  prepared  more  directly  from  aniline  by  the  following- 
method  : — Half  a  pound  of  aniline,  purified  by  cohobation  for 
several  hours  with  one  sixteenth  of  its  weight  of  mercuric 
chloride,  was  mixed  with  a  pound  of  glacial  acetate,  and  chlo- 
rine led  slowly  over  its  surface.  Considerable  heat  was  evolved. 
When  this  sign  of  action  ceased  to  be  manifested  the  mixture 
was  allowed  to  cool,  and  the  now  solid  product  heated  with 
water  and  caustic  soda  :  the  oily  layer  thus  formed  was  with- 
drawn, and  cohobated  for  a  few  hours  with  alcoholic  potash. 
Water  was  next  added  to  this  solution  audits  residue;  and  the 

*  For  the  details  of  the  methods  of  obtaining-  aniline  derivatives  from 
acetanilide  see  Proc.  Roy.  Soc.  x.  p.  589,  and  Phil.  Mag.  1870,  xlix.  p.  21. 
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united  amines  thereby  precipitated  were  separated  by  apprO' 
priato  treatment  with  aqueous  hjdric  chloride*.  B  was 
crystallized  twice  from  naphtha,  and  thrice  &c.  (B3  &c.)  from 
alcohol. 

The  chloi-ination  of  acetanilide  yields  but  little  dichlorani- 
line;  the  chlorination  of  the  acetate  still  less. 

Monochloraniline  produces  great  cold  when  dissolved  in 
alcohol.  On  the  application  of  heat  to  its  powder,  it  melts  with 
great  sharpness. 

Table  VI. 


A3. 

A, 

A5. 

A,. 

B.. 

B,. 

B.. 

Ba- 

B. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

69-66 

69-68 

69-69 

69-66 

69-75 

69-68 

69-69 

09-69 

69-66 

•74 

•76 

-69 

•63 

•64 

•63 

•66 

•66 

•56 

•74 

•71 

•74 

•63 

•64 

•63 

•72 

•63 

•56 

•58 

•71 

•74 

•66 

•70 

•65 

•74 

•66 

•48 

•74 

•65 

•66 

•79 

•64 

•65 

•72 

•71 

•51 

•71 

•76 

•69 

■69 

•62 

-65 

•69 

•66 

•56 

•66 

•71 

•64 

•71 

•64 

•71 

•72 

•58 

•53 

•66 

•65 

•64 

■66 

•70 

•71 

•66 

•61 

•53 

■71 

•63 

•64 

•63 

•64 

•73 

•69 

•66 

•53 

•69 

•73 

•64 

■66 

•64 

•63 

•64 

•66 

•48 

■69 

•68 

•74 

■71 

•64 

•73 

•66 

•63 

•48 

•79 

•76 

•66 

•77 

•67 

•63 

•69 

•71 

■58 

•61 

•68 

•64 

•77 

•77 

•63 

•72 

•71 

Mean 

69-69 
-010 

69-69 
•008 

69-68 
-007 

69-69 
•009 

69^66 
•007 

69-67 
•008 

69-69 
•006 

69^65 
•007 

"69^54 
•010 

Probable  error. 

Thermometer. . 

2 

2 

2 

2 

2 

2 

2 

2 

3 

2.  Tricldoraniline. — A  was  obtained  by  chlorinating  a  solu- 
tion of  aniline  in  glacial  acetate,  as  described  under  Mono- 
chloraniline. The  product  was  melted  under  aqueous  potash, 
twice  distilled  in  a  current  of  steam,  and  crystallized  twdce 
from  naphtha  and  thrice  &c.  (A3  &c.)  from  alcohol. 

The  chlorination  of  acetanilide  suspended  in  water  yields 
little  or  no  trichloraniline. 

Lesimplef  describes  a  modification  of  trichloraniline  which 
he  prepared  from  nitrotrichlorobenzol  by  reduction.  It  has, 
he  states,  a  very  unpleasant  and  persistent  smell,  and  melts  at 
96°'5.  On  these  two  points  my  derivative  differs  from  his: 
it  has  a  faint  but  not  unpleasant  odour,  and  melts  at  about  77°. 
In  all  the  other  reactions  and  characters  mentioned  by  Lesimple 
the  two  bodies  exhibit  a  complete  agreement.    Beilstein  (who, 


Loc.  cit. 


t  Ann,  Chem.  P/iarm.  cxxxvii.  pp.  126, 127. 
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subsequently  to  myself,  published  an  account  of  the  deriva- 
tive having  the  lower  melting-point)  confirms  my  determina- 
tion. The  substance  with  which  I  have  dealt  seems,  then, 
to  be  isomeric  with  Lesimple's.  Trichloraniline  yields  a  non- 
electric powder,  which,  in  consequence  of  the  wooUiness  of 
this  body,  is  rather  difficult  to  obtain.  The  powder  cakes 
somewhat  on  drying.     The  melting-point  is  exceedingly  sharp. 


Table  VII. 


Av 

A,. 

A.    , 

1 

A-. 

A^.                    Ag. 

A,. 

0 

0 

o 

0 

o 

0                       0 

0 

77-06 

77-05 

77-08 

7706 

77-07 

77-03    77^02 

77-00 

•03 

-05 

•05 

•03 

•07 

•U3    77-02 

■02 

•01 

-05 

•05 

•03 

•07 

•03    77-05 

•02 

•06 

•08 

•08 

■09 

•04 

•06    77-07 

•02 

•06 

•05 

•08 

•06 

•07 

-06 

77^02 

•02 

•09 

•08 

•08 

•06 

•10 

-03 

77-02 

•05 

•03 

•08 

•08 

•01 

-12 

•06    76-99 

■02 

•03 

-02 

-05 

■06 

-10 

•03  1  76-99 

•02 

•03 

-05 

•05 

■06 

•10 

-03    77-07 

•05 

•06 

•08 

-05 

•09 

•10 

•06    77-05 

•07 

•11 

•08 

-05 

•03 

-07 

-03  1  77-10 

•00 

•06 

•08 

-05 

•03 

•10 

•06 

77-02 

■02 

jVIeau 

77-05 
-005 

77-06 
•004 

77-06 
•003 

77-05 
■005 

77-08 
■004 

7704 
•003 

7704 
•006 

77-03 
-004 

Probable  error  . . . 

Thermometer    ... 

2 

2 

2 

2 

2 

2 

2 

3 

3.  Monohromaniline. — In  order  to  prepare  this  substance, 
the  best  commercial  aniline  was  heated  to  100°  for  three 
hours  with  3^  part  of  mercuric  bromide,  which  gave  rise  to 
the  formation  of  a  trace  of  rosaniline.  The  liquid  was  for  the 
most  part  distilled  o&,  cohobated  for  twelve  hours  with  an 
equal  weight  of  glacial  acetate,  and  then  distilled  to  130°. 
The  residue,  after  treatment  with  hot  water,  and  pressure,  was 
powdered  finely,  and  rapidly  stirred  in  a  large  bulk  of  water  ; 
into  this,  1"75  part  of  bromine  was  gradually  introduced. 
The  brominated  acetanilides  thus  produced  were  decomposed 
with  alcoholic  potash,  and  the  resulting  bromanilines  separated 
by  treatment  with  aqueous  hydric  chloride.  The  principal 
product  was  dibromaniline. 

Specimens  A  and  B  were  obtained  by  partially  attacking 
with  alcoholic  potash  the  mixed  bromacetanilides  ;  the  un- 
attached residue  yielded  no  more  on  rencAving  the  treatment. 
They  were  crystallized  several  times  from  naphtha  and  spirit . 
The  remainders  of  A  and  B  were  further  crystallized  thrice 
from  spirit  (A  B).     The  mother-liquids  of  these  preparations 
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were  united,  and  their  bromaniline  crystallized  four  times  from 
naphtha  and  nine  times  from  alcohol,  in  the  presence,  during 
the  last  two  operations,  of  animal  charcoal  (C).  Q  was  ob- 
tained by  directly  treating  aniline  with  bromine.  It  was 
purified  by  crystallization — once  from  naphtha  and  thrice  from 
alcohol  with  the  aid  of  animal  charcoal  (Qi),  also  once  more 
from  alcohol  (Q2)- 

Monobromaniliue  may  be  dried  over  oil  of  vitriol ;  but  I 
have  preferred  to  use  calcic  chloride. 

The  melting-point  of  bromaniline  is  very  sharp  ;  A  B 
proved  exceptionally  sudden  in  this  respect.  ] 

Table  VIII. 


A. 

B. 

AB. 

C,. 

0.. 

Qi- 

Q,. 

61-78 

61-78 

61-76 

61-82 

61-65 

61-93 

61-94 

•78 

•82 

-78 

•86 

•81 

-85 

•78 

-74 

■91 

•76 

•76 

•68 

•74 

•97 

•89 

-80 

•83 

•80 

•89 

■88 

-97 

•84 

-80 

-83 

-80 

•68 

•90 

■97 

•85 

•74 

•76 

•82 

•70 

-88 

1     -94 

•91 

•71 

•85 

•75 

-84 

•72 

'     -83 

•80 

•82 

•76 

•82 

-78 

-85 

•81 

-84 

•76 

-76 

•78 

•81 

•77 

'      -83 

•87 

-84 

•76 

•78 

■84 

•88 

-83 

•87 

■78 

•76 

•76 

•76 

•79 

•81 

•84 

•89 

•74 

•82 

•84 

•79 

-81 

•78 

•84 

•74 

-84 

•92 

■88 

•78 

•84 

•78 

•76 

•84 
•84 

■85 

•83 

Mean 

61-83 
-008 

61-81 
■010 

61-78 
•006 

61-80 
•006 

61-79 
-014 

61-84 
•Oil 

61-86 
•013 

Probable  error  ... 

Thermometer    ... 

4 

' 

4 

4 

o 

o 

2      1 

4.  Dibromaniline  [see  Monohromaniline]. — The  substance 
was  dissolved  in  water  containing  one  tenth  vol.  of  common 
aqueous  hydric  chloride,  the  solution  filtered  cold,  and  mixed 
with  sufficient  ammonia. 

Specimens  A  and  B  were  obtained  by  the  partial  action  of 
alcoholic  potash  on  bromacetanilides.  A  was  crystallized 
four  times  from  naphtha  and  five  times  from  alcohol;  B  three 
times  from  naphtha,  once  from  spirit,  twice  from  alcohol. 
C  was  similarly  obtained  ;  it  was  separated  in  an  evaporation 
for  monobromaniliue,  having  been  held  in  solution  by  the 
hydrochloride  of  that  body:  this  sample  was  crystallized  three 
times  from  naphtha  and  three  times  from  alcohol,  and  animal 
charcoal  was  used.  F  and  G  were  a  result  of  the  further 
action  of  alcoholic  potash  on  bromacetanilides.     F  was  sepa- 
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rated  like  C  ;  it  was  crystallized  three  times  from  naplitha, 
four  times  from  alcoliol,  and  animal  charcoal  was  used.  G  Avas 
treated  on  five  successive  occasions  with  a  quantity,  insufficient 
to  dissolve  it,  of  the  dilute  aqueous  hydric  chloride  already 
named  ;  the  cold  filtered  solution  was  precipitated  with  am- 
monia. Of  the  successive  precipitates  (Gi,  Gj?  Grs,  G4,  G5), 
Gi,  G3,  and  G5  were  used  for  the  determination  of  melting- 
point;  Gi  and  G3  were  crystallized  twice  from  naphtha  and 
thrice  from  alcohol,  animal  charcoal  being  present  at  the  last 
operation;  G5  was  crystallized  twice  from  naphtha,  and  twice 
from  alcohol  in  presence  of  animal  charcoal. 

The  hydrochloric  solution  of  dihromoniline  already  men- 
tioned sometimes  shows  supersaturation. 


T 

ABLE 

IX. 

B. 

A. 

C. 

F. 

e.. 

G,. 

G,. 

Ga- 

0 

0 

0 

0 

0 

0 

0 

0 

78-91 

78-88 

78-74 

78-82 

78-84 

78^68 

78^79 

78-92 

•94 

•91 

•85 

•85 

•73 

•73 

•79 

■85 

•88 

■8.5 

•85 

•66 

•73 

•71 

•79 

•92 

•83 

•80 

•71 

•82 

•79 

•79 

•76- 

■81 

•88 

•91 

•93 

•79 

■70 

•76 

•82 

•81 

•91 

■77 

•87 

•87 

•68 

•87 

•90 

■73 

•88 

•72 

•90 

•85 

•76 

•73 

•74 

•73 

•80 

•88 

•87 

•69 

•76 

•81 

•82 

•83 

■94 

•83 

•77 

•93 

•79 

•89 

•92 

•94 

•78 

•77 

•71 

•71 

•87 

•92 

•90 

•85 

■91 

•69 

•85 

•71 

•71 

•84 

•82 

•79 

•78 

•83 

•90 

•90 

•81 

•84 

•74 

•85 

•91 

•77 

•82 

•87 

•87 

•92 

•79 

•78 

•91 

•77 

•90 

-81 

•82 

•92 

Mean  

78-87 
•010 

78-82 
•012 

78^82 
■013 

78-81 
-015 

78-78 
•010 

78^80 
•014 

78-82 
•Oil 

78-84 
•012 

Probable  error  . . . 

Thermometer    ... 

2 

2 

2 

2 

2 

2 

0 

4 

5.  Trihromcmil ine  [see  Monohromaniline']. — Sample  A 
was  prepared  from  brominated  phenylacetamide  by  distilling 
the  crude  product  of  the  action  of  alcoholic  potash  thereon 
from  strong  aqueous  hydric  chloride,  and  adding  water  to  the 
distillate. 

Z  was  precipitated  by  water  from  some  strongly  hydro- 
chloric washings,  and  crystallized  four  times  from  naphtha, 
four  times  from  alcohol.  B  was  crystallized  from  a  hot  mix- 
ture of  ordinary  aqueous  hydric  chloride  diluted  with  two  vols, 
of  water,  and  washed  with  the  same  liquid  diluted  with  six 
vols,  of  water.  It  was  crystallized  twice  from  naphtha  tmd 
twice  from  alcohol,  animal  charcoal  being  present.  Q  was 
prepared  by  directly  acting  with  bromine  on  aniline  dissolved 
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iu  a  large  volume  of  dilute  sulphuric  acid.  It  is  the  charac- 
teristic product  of  the  reactiou;  Imt  a  little  hromaniline  is  also 
formed,  with  traces  perhaps  of  dibromaniliue.  It  was  purified 
by  extraction  with  aqueous  hydric  chloride  diluted  with  nine 
vols,  of  water,  by  distillation,  and  by  crystallization  from  spirit 
with  the  aid  of  animal  charcoal.  Qi  was  crystallized  thrice 
from  spirit,  Qo  four  times.  In  the  preparation  of  tribromani- 
line,  whether  from  aniline  directly  or  from  phenylacetamide, 
the  product  is  accompanied  with  a  considerable  amount  of  a 
black  substance,  non-volatile,  and  insoluble  even  in  boiling- 
spirit,  which  evolves  much  hydric  bromide  on  distillation,  and 
then  carbonizes. 

The  determinations  headed  A,  Z,  and  B  were  made  vAih.  a 
thermometer  protected  by  two  glass  cylinders  ;  in  the  other 
cases  the  thermometer  was  bare. 

The  exact  observation  of  the  melting-point  of  tribromaniline 
is  very  difficult,  inasmuch  as  the  substance  becomes  transpa- 
rent only  at  the  edges  of  a  bead  which  is  for  the  most  part 
dim  and  pasty. 

Table  X. 


A. 

Z. 

B. 

Qi- 

Q,. 

Qr 

o 

o 

0 

o 

o 

o 

116^42 

11607 

11605 

116^20 

116-14 

116-31 

•26 

•12 

-21 

•31 

•17 

-31 

•28 

•26 

•24 

•23 

-28 

-24 

•17 

•32 

-21 

•15 

-22 

-24 

•31 

•18 

•19 

•26 

•30 

-26 

•23 

•23 

•16 

-31 

•22 

•19 

•27 

■23 

•13 

-26 

•19 

•11 

•23 

•34 

•19 

-28 

•22 

•31 

•28 

•23 

•13 

-31 

•36 

•31 

•26 

•12 

-21 

-23 

-28 
•28 

-36 
•33 

•28 

•26 
■29 
•24 

■E. 





•31 
•31 

•28 

•36 
•30 
-39 

Mean 

116^27 
•013 

116^21 
•018 

116-17 
•Oil 

116-27 
•008 

116-27 
•013 

116-26 
■Oil 

Probable  error  ... 

Thermometer    ... 

2 

2 

o 

-        1 

2 

2 

O 

C.  Toluol  Derivatives. 
1.  JS'itrotohiol. — Nitrotoluol  was  prepared  from  coal-tar 
toluol,  which  had  been  purified  by  agitation  with  oil  of  vitriol 
and  potash  successively,  and  by  distillation.  According  to 
Beilstein^s  recommendation,  hydric  nitrate  of  spec.  grav. 
1*48  was  dropped  into  toluol;  a  stream  of  air  was  kept  passing- 


through  the  flask, 


and  a  stream  of  water  round  it. 


Through 


12  Dr.  E.  J.  Mills's  Researches  on  Melting-point. 

the  washed  mixture  of  liquid  and  solid  nitrotoluol  with  toluol 
thus  obtained,  a  current  of  steam  was  passed,  to  remove  toluol 
first ;  then  a  mixture  of  the  two  nitrotoluols  came  over  ;  and 
from  this  the  solid  was  almost  completely  extracted  by  solidi- 
fication in  a  freezing-mixture  and  filtering  out  suddenly  by 
atmospheric  pressure.  For  the  success  of  this  operation, 
distillation  in  a  current  of  steam  is  essential. 

Sample  A  was  purified  by  melting  with  a  little  Nordhausen, 
washing  with  water,  and  crystallizing  from  spirit:  the  mother- 
liquids  were  evaporated  for  deposits,  di,  c?2j  ^h'  The  results 
were : — 

51-4:5  51-18  51-22^ 

51-11  50-83  (thermometer  2)  I  Each  result 
51*12  (recrystallized)  j     is  a  mean. 

51-13-51-52  (sublimed)  J 

It  is  clear  that  neither  crystallization  from  spirit  (even  after 
Nordhausen)  nor  sublimation  gives  a  satisfactory  result. 

Sample  B  was  purified  like  A,  twice  crystallized  from  spirit, 
once  from  pure  high-boiling-point  (132'^)  naphtha,  twice  from 
spirit,  once  from  spirit  of  wine. 

Sample  C  was  similarly  purified  :  four  successive  extracts 
(.r)  were  taken  in  a  mixture  of  1  spirit,  2  watei'.  Therm.  2. 
The  mean  results  were: — 

"V  7.'  <l'  X 

440.5  440.9  430.^  5Q0.7 

This  shows  that  the  method  of  extracts  is  also  a  failure. 
Xi,  a'2,  .t's  were  united  as  Caj  .r.t  was  set  aside  as  C*;  C^  was 
twice  crystallized  from  naphtha,  once  from  spirit  of  wine. 
Four  similar  extracts  were  then  made,  united,  crystallized 
from  naphtha,  C*  added,  and  the  mixture  was  again  crystal- 
lized, once  from  naphtha,  once  from  spirit  of  wine  :  this  pro- 
duct is  termed  C^. 

Sample  D  was  thrice  crystallized  from  naphtha,  once  from 
spirit  of  wine;  twice,  thrice,  and  four  times  from  spirit  of  wine. 
Part  of  the  crude  substance  of  D  had  not  been  distilled.  The 
fractions  are  marked  D4,  Dg,  &c.,  according  to  the  times  of 
crystallization. 

M  was  prepared  by  dropping  purified  toluol  into  twice  its 
bulk  of  nitrous  or  "  fuming "'  nitrate  of  spec.  grav.  1-48;  50  cub. 
cent,  of  toluol  were  added  to  100  cub.  cent,  nitrate  in  each 
operation,  which  lasted  TG  hour.  It  was  crystallized  twice 
from  naphtha  and  thrice  from  alcohol, 
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C. 

c«. 

Cc. 

I>4- 

D*^ 

De. 

D,. 

B. 

0 

o 

0 

0 

o 

„ 

o 

o 

61-43 

51^39 

51  ^22 

51-22 

b\-21 

5V34 

51-34 

51  •SI 

•29 

•39 

•37 

•32 

■10 

•39 

•39 

•34 

•40 

•46 

•30 

•35 

•10 

■17 

•24 

•29 

•31 

•37 

•40 

•25 

•35 

•32 

•39 

•34 

•29 

•34 

•32 

•37 

-37 

•14 

-39 

•21 

•31 

•34 

•35 

•37 

■35 

•17 

•34 

•34 

1 

•34 

-24 

•37 

■35 

■35 

•19 

•39 

•34 

•47 

•24 

•48 

•09 

•27 

•32 

•39 

•37 

•31 

•32 

•24 

•35 

•39 

•29 

•30 

•16 

•24 

•21 

•25 

■27 

•39 

•17 

•32 

•39 

, 

•31 

•26 

•19 

•22 

•27 

•27 

•36 

•29 

•21 

•41 

•14 

•35 

•39 

•14 

•30 

•29 

•31 

•26 

•26 

•14 

•32 

•22 

•29 

•24 

■37 



•31 

Mean 

51^32 

51-33 

51^30 

51-27 

5127 

5r35 

51  ^34 

51^30 

Probable  error  ... 

•Oil 

•013 

•017 

•016 

•016 

•016 

•010 

•010 

Tbermometer    ... 

2 

3 

2 

2 

3 

3 

3 

2 

1 

2.  DinitrotoluoJ. — I  have  investigated  tlae  melting-point  of 
tliis  substance  as  prepared  (1)  directly  from  toluol,  (2)  from 
liquid  nitrotoluol  ("  metanitrotoluol"),  (3)  solid  nitrotoluol 
when  the  active  niasses  are  relatively  small,  and  (4)  solid 
nitrotoluol  -when  the  active  masses  are  relatively  large. 

[Case  I.]  Dinitrotoluol  was  prepared  from  coal-tar  toluol, 
which  had  been  purified  by  agitation  with  oil  of  vitriol  and 
potash  successively,  and  distillation:  a  mixture  of  oil  of  vitriol 
with  hydric  nitrate  was  used.  The  product  was  pressed  to 
free  it  from  oily  matter,  and  crystallized  from  spirit.  The  por- 
tions that  fell  successively  in  the  act  of  crystallization  were 
called  A,  Bj  C,  D,  and  many  experiments  were  made  with 
them;  but  the  results  were  not  very  accordant.  The  four 
samples  were  fractionally  crystallized  from  spirit :  the  first 
deposits  being  called  A^,  Bj,  (fee;  the  second,  Ao,  Bg,  &c. 

Fractions  of  F  (an  old  preparation)  were  also  employed. 

Melting-points  having  been  taken,  C^,  F^,  and  F3  were 
found  to  coincide,  and  mixed  together.  Four  successive 
fractions  of  the  mixture  were  taken ;  and  after  some  further 
fractionation . 

(F^)^,  (F,)i,  [(F3F,C02]2,  [(F3F4C03]2,  (FsF.CO: 

vielded  a,' 
A„  Bi,  (F2),,  [(F>,C04]2,  [FsFA)^]!,  [(F3FA)3], 

yielded  b: 
A„  B„  C2,  (F,),,  [(FgF^COsli  yielded.: 
D  yielded  d. 
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The  following  results  were  then  obtained  : — 

Table  XII. 


a. 

a. 

b. 

b. 

d. 

b. 

G. 

G. 

a. 

0 

o 

o 

0 

o 

o 

0 

0 

0 

69-23 

69-12 

69-22 

69-20 

69-13 

69-23 

69-15 

69-29 

69^33 

•23 

•20 

•19 

•20 

•16 

•20 

•20 

•31 

•25 

•09 

•23 

•22 

•20 

•16 

•28 

-42 

-16 

•40 

•33 

•20 

•22 

-20 

•18 

•25 

•29 

•09 

•22 

•14 

-23 

-09 

•25 

•21 

•25 

•34 

•31 

-38 

-06 

-12 

•12 

•10 

•12 

•29 

•31 

-28 

•23 

•16 

•12 

•15 

•06 

•33 

•23 

•29 

-25 

•26 

•06 

•33 

•23 

•24 

•20 

•34 

•31 

-38 

•27 

•21 

•16 

•29 
•34 

•29 
•14 
•29 
•31 

•17 
•17 
•40 

•24 

Mean  

69-18 
-025 

69-18 
-013 

69-19 
•015 

69^21 
■007 

69-18 
-010 

69-21 
-012 

69-28 
•016 

69-23 
•017 

69^30 
•016 

Probable  error . 

Thermometer  ... 

3 

3 

3 

3 

3 

2 

2 

3 

2 

[Case  II.]  The  mixture  of  nitrotoluols  obtained  liy  nitra- 
ting coal-tar  toluol  Avas  cooled  to  —17",  and  the  solid  modifi- 
cation (which  separated  in  crystals)  removed  by  sudden  appli- 
cation of  the  filter-pump  and  subsequent  fractional  distillation. 
The  product  boiled  at  219°-223°.  6-5  cub.  cent,  of  substance 
dissolved  completely  in  20  cub.  cent,  nitrous  nitrate,  with 

Table  XIII. 


I. 

II. 

o 

o 

68-99 

69-24 

6915 

•19 

•12 

•32 

•23 

■24 

•20 

■21 

•26 

•13 

•23 

•21 

•20 

•16 

-15 

•16 

-23 

-00 

-26 

-11 

-23 

-19 

•15 

-03 

•15 

•08 

•18 

-13 

JVIenii 

69-18 
•012 
2 

69-16 
•014 
2 

Probnble  error 

Thermometer    
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slight  evolution  of  heat;  ufter  four  hours'  contact,  150  cub. 
cent,  water  Avere  added.  The  precipitate,  which  was  solid  on 
the  following  morning,  was  washed  with  AA'arm  aqueous  sodic 
carbonate,  and  then  weighed  about  8"5  grm.,  or  112"5  per 
cent.,  the  theoretical  yield  being  132'9  per  cent.  I  will  call 
this  specimen  J  dinitrotoluol.  It  was  crystallized  four  times 
from  naphtha  and  three  times  from  spirit.    (See  Table  XIII.) 

[Case  III.]  The  whole  of  the  remainder  of  D  nitrotoluol 
(p.  12)  was  treated  with  nitrous  hydric  nitrate  in  the  cold  ; 
2*5  grm.  of  the  nitrotoluol  being  dissolved  in  39  gmi.  of  the 
nitrate,  with  which  it  remained  in  contact  2|-  hours.  The 
powder  was  very  electric.  I  Avill  call  this  specimen  L.  It 
was  crystallized  four  times  from  naphtha  and  thrice  from 
spirit. 

The  following  numbers  were  obtained  with  Therm.  2: — 

Table  XIII  a. 


69-28 

•17 

•20 

•17 

•14 

•12 

•12 

■17 

•22 

•17 

•14 

•03 

•22 

•22 

•22 

]Vlej\u 

69-17 
•010 

Probable  error 

Thennoiueter     , 

2 

[Case  IV.]  When  rather  larger  quantities  are  taken,  though 
the  same  proportions  between  the  reagents  and  time  of  action 
be  observed,  a  different  result  is  obtained.  Thus  Y  was  pre- 
pared from  4^5  grm.  M  mononitrotoluol;  the  crude  product 
(122  per  cent.)  was  purified  by  warming  with  weak  aqueous 
potash  containing  ammonia,  and  was  crystallized  twice  from 
naphtha,  eight  times  from  alcohol.  Z  was  made  from  20"5  grm. 
of  a  new  stock  of  solid  mononitrotoluol  (which  had  been  dis- 
tilled in  steam,  frozen,  pressed,  and  crystallized  twice  from 
naphtha  and  four  times  from  alcohol);  the  crude  product 
(120  per  cent.)  was  crystallized  twice  from  naphtha,  and  eight 
to  nine  times  (Zg,  Zg)  from  alcohol.  Both  samples  had  a  faint 
yellowish  tinge. 
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Table  XIV 


Y. 

z«. 

Z,. 

( 

0 

0 

o 

i 

69-54 

69-60 

69^43 

•57 

•60 

•46 

•54' 

•57 

•51 

•62 

•63 

•51 

•57 

•57 

•38        I 

1 

•59 

•55 

•51 

•57 

•57 

•51 

-57 

•57 

•56 

-51 

•65 

•56 

. 

•51 

•63 

•62 

i 

•51 

•60 

•59 

' 

■59 

•57 

•59 

i 

Mean  

69-56 
•007 

69^59 
•006 

69-52 
-013 

Probable  error  . . . 

Thermometer    ... 

2 

2 

2 

3.  Trinitrotoluol. — A.  Some  crude  coal-tar  dinitrotoluol 
was  heated  Avith  about  five  times  its  weight  of  "  fuming " 
nitrate  for  more  than  thirty  hours,  but  not  so  as  to  cause  ebul- 
lition of  the  liquid.  It  had  lost  about  15  per  cent,  of  its 
weight,  but,  as  shown  by  its  melting-point,  had  not  been  con- 
verted into  trinitrotoluol. — B  was  lost  in  the  process  of  crys- 
tallization.— C.  The  deposit  from  the  nitric  mother-liquid  of 
the  p]-eparatiou  fused  at  about  59°*7.  The  substance  itself 
fused  at  about  80°'8  when  crystallized  nine  times  from  spirit; 
and  then,  when  kept  a  few  days,  its  melting-point  rose  to  about 
181°*8.  A  small  residue  from  the  entire  preparation,  crystal- 
lized thrice  from  spirit,  thrice  from  naphtha,  and  thrice  from 
spirit  of  wine,  fused  at  182°"8  nearl3^  This  body  is  soluble  in 
naphtha,  insoluble  in  cold  and  very  sparingly  soluble  in  hot 
spirit,  insoluble  in  Avater  or  aqueous  ammonia.  Quantitative 
experiment  seems  to  indicate  that  it  is  a  compound  of  dinitro- 
toluol with  trinitrotoluol.  In  apj^earance  it  closely  resembles 
trinitrotoluol.  Subsequent  attempts  to  prepare  it,  both  directly 
and  in  the  nascent  wav,  did  not  succeed. — D.  The  result  of 
A  was  confirmed. 

E.  A  specimen  of  coal-tar  trinitrotoluol  about  H  years  old, 
yellow  at  the  top  ;  the  melting-point  of  the  lower  and  colour- 
less part  was  taken.  (This  result  will  be  noticed  separately.) 
The  remainder  from  this  first  determination  (part  Ijeing  yel- 
low) was  crystallized  twice  from  naphtha  and  once  from  spirit 
of  wine.     The  results  are  given  under  the  first  E  column;  the 
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result  of  a  further  crystallization  from  spirit  under  the  second 
E  column:  and  so  on. 


Table  XV. 


Fi- 

Fi- 

F.. 

F.. 

F, 

E. 

E. 

E. 

E. 

K. 

o 

o 

o 

o 

o 

r 

o 

o 

o 

0 

78-88 

78-86 

78^89 

78-78 

78^85 

78-79 

78-83 

78-76 

78^88 

78-87 

•91 

-1)1 

•79 

•88 

•85 

-76 

•81 

•86 

•78 

•95 

79-0.5 

•81 

•87 

-80 

-83 

-81 

-86 

•73 

■80 

•95 

78-78 

•86 

•94 

•88 

•93 

•86 

•89 

•62 

-70 

•90 

-81 

•73 

•89 

•88 

•80 

-83 

•83 

•78 

•88 

•90 

•81 

•78 

•84 

•90 

•87 

-89 

•89 

•78 

•82 

•95 

•78 

•78 

•78 

-93 

•93 

•()5 

•76 

•78 

•85 

•84 

•81 

-84 

•84 

•93 

-93 

-83 

•81 

•88 

-80 

•90 

•81 

•73 

-86 

•80 

-92 

-89 

-86 

•78 

•82 

•84 

•81 

-81 

•92 

•88 

•92 

-71 

•97 

•83 

•80 

•78 

•78 

•81 

•83 

•93 

•83 

•86 
79-02 

-73 
-91 

•78 
•86 

•90  i 

•82 

•84 

VIeau  

78-84 
•OIG 

78-81 

•on 

78-86 
•010 

78-87 
•Oil 

78-88 
-009 

78^82 
-0J8 

78-84 
-012 

78-78 
•013 

78^82 
•010 

78-88 
•Oil 

Probable  error. 

Thermometer... 

2 

2 

3 

3 

3 

2 

2 

2 

2      i 

2 

F.  Coal-tar  toluol  boiling  at  109°-5-112°-0  was  purified 
with  oil  of  vitriol  in  the  cold  ;  it  then  boiled  at  110°-113°. 
Equal  volumes  (300  cub.  cent.)  of  nitrate  (sp.  gr.  1'48)  and 
this  substance  were  mixed,  the  latter  being  run  in  graduallv. 
51  cub.  cent,  of  toluol  were  recovered  by  distillation  ;  hence 
benzol  was  absent.  The  product  was  washed,  added  to  300 
cub.  cent,  "fuming"  nitrate  (sp.  gr.  1'5)  ;  washed,  added  to 
4  vols.  "  fuming "  nitrate  (the  latter),  left  24  hours,  and 
1  vol.  Nordhausen  poured  in — this  being  done  in  two  opera- 
tions, on  account  of  the  violent  action  in  the  cold.  The  yield 
was  190'7  per  cent.;  theory,  246*7  per  cent.  Half  of  the 
yield  was  crystallized  from  naphtha  and  spirit,  and  termed  Fj. 
The  other  half  was  boiled  for  Gx6  hours  with  "fuming" 
nitrate,  and  termed  Fg;  the  product  was  very  dark,  contained 
scarcely  any  acid  bodies,  and  showed  little  loss  when  weighed. 
The  fusion-points  of  Fj  and  F2  are  the  same. 

K.  Prepared  from  liquid  coal-tar  nitrotoluol  which  had 
been  twice  distilled,  cooled  to  —17°,  filtered,  again  distilled 
(under  224°);  when  cooled  as  mentioned,  only  a  trace  of  crj's- 
tals  was  deposited.  19  cub.  cent,  of  this  liquid,  150  cub.  cent, 
"fuming"  nitrate,  100  cub,  cent.  Nordhausen,  yielded  31*5 
grm.  trinitrotoluol,  =  142*()  per  cent.,  theory  requiring  1G5'7 
per   cent.      The   product   was   crystallized    four    times   from 
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naphtha,  five  times  from  spirit ;  its  fusion-point  then  agreed 
with  that  of  Fi  and  Fg. 

Such  trinitrotoluol  is  found  with  great  ease,  an  hour's 
ebullition  with  a  mixture  of  equal  volumes  of  oil  of  vitriol  and 
common  nitrate  sufficing  to  produce  it.  Now  the  presence  of 
oil  of  vitriol  is  a  great  hindrance  to  making  ordinary  tri- 
nitrotoluol*. 

M.  M  nitrotoluol  was  treated  with  Nordhausen  and  nitrous 
nitrate,  and  yielded  157'1  per  cent,  of  product.  The  melting- 
point  of  this  preparation  having  been  found  not  quite  regular, 
the  substance  was  again  treated  with  the  nitrating-mixture, 
and  crystallized  twice  from  naphtha,  and  thrice  (Mj),  four 
times  (M2),  &c.  (&c.)  from  spirit. 

The  crystalline  form  of  this  modification  of  trinitrotoluol  is 
distinct  from  that  of  Fj  or  K^,  being  much  more  prismatic  and 
less  platy. 

A  small  preparation  (L)  of  trinitrotoluol  made  from  L  dini- 
trotoluol  (itself  made  from  D  nitrotoluol)  was  treated  like  M, 
and  the  melting-point  also  determined  before  complete  nitra- 
tion had  been  effected.  This  point  was  78""91  +  *008,  after 
one  crystallization  from  naphtha  and  two  from  spirit;  and  the 
prismatic  character  of  the  crystals  was  apparent ;  but  the 
amount  of  substance  was  too  little  to  go  on  with. 

Table  XVI. 


M, 

M,. 

M3. 

M,. 

Mfi. 

0 

0 

0 

0 

0 

80-49 

80-53 

80-50 

80-58 

80-55 

•30 

•56 

•47 

•53 

■52 

•52 

•58 

•55 

•47 

•55 

•49 

•42 

■65 

•50 

■47 

•52 

•56 

•50 

•53 

■60 

•46 

•42 

•47 

•53 

■58 

•49 

•55 

•58 

•50 

■55 

•49 

■53 

•55 

-50 

•55 

•54 

■50 

•50 

•47 

•52 

•54 

■48 

•53 

■53 

■58 

•49 

■61 

•61 

■53 

-58 

•49 

■58 

•61 

•55 

-55 

-52 

■42 

•53 

•53 

-60 

•54 

•42 

•50 

•53 

•58 

Mean 

80-49 
-008 

80-51 
-012 

80^53 
•008 

80^52 
-005 

80-55 
•006 

Probable  error  ... 

Thermometer     ... 

2 

2 

2 

2 

2 

*  Zeit.  Chem.  xiii.  p.  539. 
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Thus  it  is  evident  that  trinitrotoluol  prepared  from  the  solid 
modification  of  nitrotoluol  is  distinct  both  in  form  and  melting- 
point  from  the  others  ;  it  is  also  more  difficult  in  making. 

It  deserves  to  be  mentioned  that  the  melting-point  of  trini- 
trotoluol appears  to  undergo  a  slight  change  under  certain 
conditions.  Thus,  a  perfectly  colourless  specimen  three  years 
old  melted  at  78°"76 — the  number  of  observations  being  13, 
and  the  probable  error  0"012.  A  few  grammes  of  the 
specimen  Fg,  after  exposure  to  light,  with  frequent  agitation, 
for  13  days,  during  which  it  became  mustard-yellow  on 
the  surfaces,  melted  at  78°*78  ;  the  number  of  observations 
being  14,  and  the  probable  error  0"013.  This  result  was 
obtained  after  two  crystallizations  from  naphtha  and  two  from 
spirit,  when  the  substance  had  become  brilliantly  white. 

D.    Toluidine  Derivatives. 

Toliddine. — The  modification  examined  is  solid  at  the  ordi- 
nary temperature,  and  obtainable  by  the  reduction  of  mono- 
nitrotoluol. 

Sample  H  was  purchased  from  Messrs.  Hopkin  and  "Wil- 
liams. It  was  purified  by  conversion  into  oxalate,  which  salt 
was  thrice  extracted  by  ether  and  then  decomposed  by  potash, 
distillation  in  a  current  of  steam,  and  crystallization  thrice 
from  naphtha  and  four  times  &c.  (H4  &c.)  from  alcohol. 

S  was  given  me  by  Mr.  Spiller.  It  was  pressed  and  crys- 
tallized twice  from  naphtha  and  four  to  five  times  (84-5)  from 
alcohol. 

Gr  was  purchased  from  Dr.  Schuchardt,  of  Gorlitz.  It  was 
pressed,  and  crystallized  twice  from  najshtha  and  three  to  four 
times  from  alcohol  (G3_4). 

The  above  were  ascertained  to  be  all  different  preparations. 

The  melting-point  of  toluidine  is  difficult  to  observe.  The 
substance  remains  for  some  time  in  the  pasty  stage,  and  then 
conducts  heat  very  badly  ;  from  this  cause  the  melting-point 
may  easily  be  overestimated.  On  the  other  hand,  when  the 
solid  substance  is  plunged  into  a  bath  which  is  hotter  than  the 
real  melting-point,  it  melts  with  great  readiness  and  sharp- 
ness. Good  numbers  can  only  be  obtained  with  finely-pow- 
dered material ;  the  capillary  tubes  must  be  introduced  into 
the  bath  at  4°  or  5°  below  the  melting-point;  and  the  mercury 
in  the  thermometer  must  rise  very  slowly  towards  the  last. 
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Table  XVII. 


H.- 

H5. 

He. 

He. 

S,. 

Sv 

Se- 

G.- 

»4 

o 

0 

0 

Q 

0 

0 

0 

0 

0 

42-78 

42-79 

42-78 

42-69 

42-82 

42-81 

42^80 

42-67 

42-83 

•88 

•74 

-67 

•85 

•82 

•86 

•76 

•80 

•78 

•73 

-61 

•73 

•75 

-82 

•83 

•74 

•72 

•75 

•76 

•77 

•76 

•73 

•82 

•76 

•76 

•83 

•80 

•78 

•71 

-70 

•73 

•72 

•79 

-71 

•75 

•83 

•65 

•66 

•83 

-69 

•74 

•83 

-68 

•77 

•93 

•83 

•69 

•70 

•75 

•87 

•76 

•86 

•85 

•78 

•78 

•77 

•73 

1      -81 

•82 

•83 

•86 

•75 

•80 

•83 

•71 

•78 

!      -69 

•74 

■79 

•81 

•83 

•69 

•83 

t     -73 

•84 

•68 

•76 

•70 

•63 

•65 

'      -79 

•74 

•71 

•78 

•73 

•79 

•70 

-77 

•72 

•83 

•66 

•63 

•76 

•73 

•69 

•81 

•67 



-77 

•62 

•81 

1 

•82 

•79 

•76 

Mean 

42-77 

42-71 

42-73 

42-76 

42-78 

42^79 

42-76 

42-77 

42-81 

Probable  error. 

■012 

•Oil 

•Oil 

-009 

-010 

•009 

-Oil 

-013 

•012 

Thermometer... 

2 

2 

2 

4 

2 

2 

2 

3 

3 

E.  Phenol  Derivatives. 

1.  a  Mononitrophenol. — By  a.  mononitrophenol  I  mean  the 
more  volatile  mononitrophenol  of  the  two  produced  by  treating 
phenol  with  water  and  nitrate  according  to  Fritsche's  method 
(Journ.  prak.  Chem.  Ixxv.  p.  257).  The  crude  stock  was 
several  times  distilled. 

A  was  crystallized  from  water  and  dried  over  oil  of  vitriol 
(as  the  rest  were):  it  had  been  exposed  to  light  (Aj);  it  was 
further  and  continuously  exposed  to  light  (A2).  B^  was  a 
partial  precipitate  from  spirit  by  water,  dried  in  the  shade  ; 
the  mother-liquid  gave  with  more  water  a  precipitate  which 
turned  brown  when  dried  like  Bj,  and  then  melted  about  0°*6 
below  Bi.  Cj  was  made  like  Bj,  except  that  scarcely  any 
thing  was  left  in  the  mother-liquid.  E  was  a  total  precipitate 
from  a  sodic  salt  which  contained,  as  a  mean  of  two  experi- 
ments, 14"28  per  cent,  of  sodium  (theoretically  14'31):  it  was 
dried  in  the  shade.  D  was  twice  crystallized,  probably  from 
weak  spirit,  and  dried  in  shade  twenty  days,  i.  e.  very  much 
longer  than  either  of  the  others. 

The  powder  of  «  mononitrophenol  has  a  tendency  to  cake 
together  on  keeping. 
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Table  XVIII. 


D. 

B, 

Ci. 

E. 

A, 

K 

o 

o 

o 

o  ^ 

o 

o 

44-31 

44-29 

44-29 

44-22 

44-28 

44  31 

•29 

-29 

•24 

■25 

•25 

•31 

•24 

-24 

-18 

•25 

•31 

■23 

•33 

-18 

-10 

•22 

•28 

■17 

•24 

•32 

■29 

•27 

•28 

•25 

•29 

-26 

•29 

•27 

•23 

■39 

•37 

-29 

•29 

•30 

•28 

•31 

•33 

•32 

•21 

•22 

•31 

•24 

•21 

■29 

•27 

-31 

•33 

•32 
•21 

•29 
•29 

•25 

-28 
•28 

Mean  

44-30 
•009 

44-27 
-010 

44  25 
•012 

44-25 
•005 

44-28 
•005 

4428 
•017 

Probable  error  ... 

Thermometer    ... 

2 

3 

3 

2 

3 

3 

2.  /S  Mononitrophenol. — /3  niononitrophenol  is  the  less  vola- 
tile inononitrophenol  of  the  two  produced  by  Fritsche's  process 
{Journ.  jirak.  Clion.  Ixxv.  p.  257).  The  crude  stock  was  con- 
verted into  sodic  salt,  washed  with  aqueous  sodic  hydrate,  dis- 
solved in  water, and  precipitated  Ijy  hydric  chloride:  a  sodic  salt 
prepared  from  this  contained  14*  17  instead  of  14'31  per  cent, 
of  sodium,  the  preparation  being  effected  with  but  very  little 
loss. 

Ai  was  crystallized  thrice  from  naphtha  and  once  from 
water  ;  Ag  was  the  same,  twice  crystallized  from  water  ;  Bj, 
B2,  B3  Avere  all  crystallized  together  thrice  from  naphtha, 
in  one  quantity;  and  this  was  crystallized  thrice  from  water. 
All  the  specimens  were  dried  over  oil  of  vitriol  in  the  dark  for 
about  two  months. 

/3  mononitrophenol  becomes  pale  dirty  yellow  on  exposure  to 
light  for  a  day,  especially  if  a  part  of  it  has  been  melted.  As 
the  coloured  product  probably  melts  below  the  temperature 
at  which  the  uncoloured  substance  does;  and  as  a  broad  gas- 
flame  must  tend  somewhat  to  produce  the  same  effect  as  day- 
light, the  long  stage  of  incipient  fusion  and  the  uncertainty 
of  the  limit  are  accounted  for. 
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Table  XIX. 


A,. 

A, 

13,. 

B. 

1 

B3. 

o 

o 

o 

o 

0 

111-29 

111-50 

111-37 

111-53 

iir40 

•29 

•34 

-60 

•41 

•35 

-35 

•53 

•51 

•32 

•40 

•40 

•50 

•41 

-34 

•40 

•38 

•53 

•41 

-39 

•47 

•45 

-50 

•48 

-46 

•51 

•40 

•27 

•37 

•41 

•51 

•31 

-42 

-51 

•41 

•51 

•26 

-42 

-58 

-44 

•49 

•24 

•45 

•46 
■51 
•32 

•37 

•38 
•31 

Mean 

111-34 
•014 

111-45 

•017 

111-46 
•016 

111-41 
•012 

111-43 
■014 

Probable  error  . . . 

Thermometer     ... 

3 

2 

3 

3 

3 

3.  a  Dinitroplienol. — «  dinitrophenol  appears  to  have  been 
first  observed  by  Armstrong,  who,  however,  did  not  obtain  it 
in  a  state  of  purity  ;  the  exacter  definition  of  the  substance  is 
due  to  Hiibner  and  Schneider  (^Zeit.  Chem.  xiv.  p.  524).  In 
preparing  it,  I  followed  the  method  recommended  by  the  last- 
named  chemists,  depending  more  especially  on  the  insolubility 
of  the  baric  derivative  in  boiling  spirit  of  90  per  cent.  When 
the  baric  derivative  was  dissolved  in  water  and  treated  with 
aqueous  hydric  chloride,  the  hydric  salt  was  precipitated :  this 
was  afterwards  dissolved  and  crystallized. 

a  dinitrophenol  has  an  extremely  pale  yellow  colour  when 
cr}\stallized  from  naphtha  or  spirit ;  the  powder  has  a  deeper 
shade;  and  the  solution  imparts  a  dark-orange  tint  to  a  tissue 
on  which  it  has  been  dried. 

A,  B,  C,  D,  E  were  distinct  preparations.  A  and  B  had 
been  crystallized  thrice  from  naphtha  and  thrice  from  spirit ; 
C  had  been  crystallized  from  water,  aqueous  potassic  chloride, 
and  twice  from  spirit ;  D  had  been  made  from  a  baric  salt 
twice  extracted  with  spirit,  after  which  it  was  crystalhzed 
once  from  naphtha  and  four  times  from  spirit*;  E  was  formed 
by  uniting  the  remainders  of  A.  B,  and  C,  extracting  the  baric 
salt  thrice  with  alcohol,  and  crystallizing  the  resulting  a  dini- 
trophenol once  from  naphtha  and  once  from  spirit. 

*  The  hot  alcoholic  solution  -was  poured  off  from  a  rod,  quite  insoluble 
foreign  {.ubstance. 
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a  dinitrophenol  melts  sharply,  the  pasty  stage  being  short. 
According  to  Hiibner  and  Schneider  its  melting-point  is  63-64°. 


Table  XX. 


A. 

A. 

o 

B. 

B. 

c. 

D. 

E. 

o 

o 

o 

o 

o 

o 

61-89 

61-79 

61-85 

61-82 

61  ^78 

61  ^82 

61^79 

•80 

•79 

•77 

•77 

•75 

•85 

•74 

•82 

•84 

,•77 

•78 

•70 

•87 

-77 

•80 

•82 

•80 

•75 

•73 

•74 

•75 

•74 

•74 

•82 

•67 

•67 

•77 

•72 

•89 

•87 

•80 

•78 

•81 

•71 

•83 

•87 

•87 

•77 

•80 

•70 

•74 

•85 

•74 

•84 

•74 

•77 

•75 

•79 

•79 

•74 

-87 

•82 

•82 

•75 

•85 

•77 

•73 

■92 

•74 

•78 

•75 

•74 

•77 

•70 

-74 

•85 

•71 

•78 

•74 

•75 

•73 

•79 

•80 

■65 

•70 

•85 

•75 

•74 

•78 

•78 

•82 

•70 

•77 

•80 

•81 

•82 

•77 

Mean 

61-79 

61-82 

61-79 

61-76 

6r75 

61-79 

61^77 

Probable  error  ... 

•013 

•010 

•006 

•009 

•007 

•009 

-007 

Thermometer     . . . 

4 

2 

2 

4 

2 

2 

4 

4.  ^  Dinitr'oplienol. — Z.  The  crude  compound  was  pre- 
pared by  Grliner's  methodj  from  crystalline  phenol.  A  con- 
siderable amount  of  its  baric  salt  was  crystallized  repeatedly 
from  a  large  volume  of  water,  and  the  cooled  and  filtered 
mother-liquid  precipitated  with  hydric  chloride. 

Ze  was  the  tenth  precipitate;  it  was  crystallized  thrice  from 
water. 

Z^  w^as  the  eleventh  precipitate  ;  it  was  crystallized  once 
from  w^ater. 

Z,,  was  the  twelfth  precipitate;  it  was  crystallized  once  from 
water. 

Preliminary  determinations  of  melting-point  were  made 
with  the  nine  preceding  fractions  ;  but  the  numbers  were  not 
sufficiently  satisfactory  to  warrant  proceeding  with  purification. 

Y  was  made  by  Dr.  Armstrong  from  trinitrophenol,  by  way 
of  amido-dinitrophenol;  it  was  crystallized  thrice  from  water. 

T.  For  this  also  I  am  indebted  to  Dr.  Armstrong:  he  had 
prepared  it  by  acting  with  ordinary  hj^dric  nitrate  on  phenol. 
It  was  crystallized  once  from  naphtha,  once  from  alcohol,  and 
four  times  from  water. 
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In  determining  the  melting-points  of  Z^,  Z^,  and  Y,  the 
thermometers  were  protected  by  two  glass  cylinders  ;  in  the 
other  three  cases  the  cylinders  were  not  used. 

Crystallization,  powdering,  desiccation,  and  filling  of  capil- 
lary tubes  had  to  be  effected  either  in  total  darkness  or  in  a 
deep  shade.  /Q  dinitrophenol  is  yery  nearly  white  ;  but  by 
two  hours'  exposure  to  a  somewhat  gloomy  atmosphere  it 
becomes  deep  turmeric  yellow. 

/3  dinitrophenol  melts  with  moderate  sharpness. 


Table  XXI. 


Zr.. 

Zf. 

Y. 

T. 

Ze. 

Ze. 

o 

o 

0 

O 

o 

o 

116  60 

11163 

111-46 

111-57 

11  [•66 

111-65 

•60 

■63 

■57 

•57 

•64 

-55 

•46 

-49 

•63 

•49 

•61 

•65 

■52 

-.58 

•68 

•60 

•61 

•58 

•55 

•63 

•82 

•57 

•64 

•53 

•63 

•60 

•60 

•60 

•80 

•63 

•46 

•58 

•49 

•57 

•61 

•60 

•43 

-68 

-57 

•52 

•66 

•58 

-52 

•52 

•60 

•54 

•53 

•53 

•63 

•65 

•57 

•54 

•66 

•65 

Mean 

111-54 
•015 

111-59 
-012 

111-60 
•020 

lll^56 
•007 

111-64 
•014 

111-59 
•010 

Probable  error  . . . 

Thermometer     . . . 

2 

2 

2 

2 

2 

' 

5.  Trinitrophenol. — Sample  A  Avas  a  commercial  specimen. 
It  was  crystallized  t^vice  from  water,  once  from  alcohol,  and 
again  from  water. 

Z  was  prepared  from  dinitrophenol  made  by  Griiner's  pro- 
cess (r.  suprli);  the  material  employed  was  yery  pure,  having 
been  precipitated  from  a  12th  (Z^)  cold  aqueous  extract  of 
the  crude  basic  salt.  This  was  evaporated  to  dryness  on  the 
water-bath  with  a  very  large  excess  of  hydric  nitrate,  and  crys- 
tallized once  from  naphtha,  once  from  ethylic  alcohol,  and 
twice  from  water. 

0  was  made  from  phenol,  containing  minute  amounts  of  the 
two  modifications  of  dinitrophenol,  by  evaporation,  as  wdth  Z. 
It  was  crystallized  thrice  from  water,  once  from  alcohol,  and 
a  first  (Oi),  second  (O2),  and  third  (O3)  time  from  water. 

M  w^as  similarly  prepared  from  sodic  a  nitrophenate  (E 
under  a  nitrophenol),  and  was  crystallized  thrice  from  water. 

F  was  derived  from  sodic  /Q  nitrophenate  (the  analysis  is 
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given  under  /3  mononitrophenol);  it  was  crystallized  once  from 
water,  once  from  alcohol,  and  again  from  water. 

N  was  prepared  from  some  «  (Hiibner's)  dinitrophenol,  for 
which  I  am  indebted  to  Prof.  Armstrong.  This  was  purified 
by  Hiibner's  two  processes,  and  can  have  contained  at  most 
mere  traces  of  its  isomer.  The  trinitro-compound  was  crys- 
tallized thrice  from  water. 

Trinitrophenol  is  a  nearly  white  substance  when  in  crystals; 
if  very  finely  divided  by  any  means,  it  appears  a  pale  yellow. 
The  powdered  crystals,  if  exposed  for  two  hours  to  indirect 
light  on  a  dull  morning,  acquire  a  deep  mustard-yellow  colour. 
The  crystals  of  the  substance  termed  N  were  almost  perfectly 
white. 

The  melting-})oint  of  trinitrophenol  is,  on  the  whole,  not 
difficult  to  observe. 


Table  XXII. 


A. 

Z. 

0,. 

0,. 

O3. 

M. 

F. 

N. 

N. 

o 

0 

0 

0 

0 

0 

12111 

120-95 

121-04 

121-14 

12103 

120-99 

12120 

121-20 

121-09 

•06 

120-92 

•07 

12M1 

120-98 

12M3 

12M7 

120-98 

120-89 

08 

12103 

•01 

1-20  97 

120-98 

•16 

120-98 

121-09 

121-09 

•11 

120-95 

■15 

12M4 

121-08 

-18 

121-14 

•12 

120-94 

•03 

12106 

-18 

120-97 

■00 

-10 

-09 

■12 

12M1 

•OG 

121-00 

•12 

121-06 

•08 

•16 

-01 

■15 

12M1 

•03 

120-98 

-23 

•14 

-06 

•19 

-12 

■12 

12114 

•06 

121-20 

-09 

-09 

-14 

■07 

-04 

-12 

120-94 

■24 

121-00 

-12 

-09 

•11 

•19 

-14 

■15 

120-99 

120-97 

121-00 

-09 

•11 

•06 

■16 

120-98 

-17 

12107 

Mean  

121-07 
-014 

121-01 
-016 

121-11 
-013 

121-08 
•013 

12105 
•Oil 

12rl3 
■013 

12109 
-016 

121-12 
•012 

121-04 

Probable  error . 

■018 

Thermometer... 

2 

2 

2 

2 

2 

2 

2 

0 

3 

F.  Naphthalin  Derivatives. 


digested  for  a  few  hours  with  strono-  oil 
bath.     After  washing  with  water,  it  was 
in 


Naphthalin. — Commercial  pure  naphthalin,  which  had  been 
twice  sublimed,  was 
of  vitriol  in  the  water 

distilled  from  caustic  soda  in  a  current  of  steam.  The  first 
portion  of  the  distillate  is  termed  A,  the  second  B.  These 
portions  were  crystallized  twice  from  naphtha  and  thrice  (A3 
&c.)  from  alcohol.  Before  naphthalin  melts  it  exhibits  a  de- 
cided jxisty  stage;  yet  the  melting-point  is  sufticiently  sharp. 

The  powdered  substance  is  highly  electric. 
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A3. 

K- 

As 

A.. 

B,. 

B,. 

Be- 

0 

0 

0 

0 

0 

0 

0 

80-06 

80-03 

80^01 

80-03 

80-05 

80-05 

80^06 

79-98 

•06 

-06 
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-05 

•08 

•14 

80-01 

•08 

-09 

-00 

•05 

-05 

■09 

79-95 

•00 

•06 

-08 

•05 

•02 

•09 

80-03 

-00 

•09 

-08 

•05 

•08 

•09 

80-06 

•00 
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-08 

•07 

■05 

•09 

8009 

•08 
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-08 

•07 

•08 

•03 

80  06 

•06 

-12 

-11 

•05 

•08 

•09 

80-03 

•11 

-06 

-11 

•07 

•05 

•09 

79-98 

•03 

•09 

■06 

•07 

•05 

•09 

80-06 

•11 

•06 

-06 

•07 

•10 

•11 

80-03 

•00 

-01 

-08 

•07 

•05 

•03 

Mean 

8003 

80-05 

80-07 

80-07 

80-06 

80-06 

80-08 

Probable  error  ... 

•008 

•008 

•007 

-006 

•002 

■004 

-006 

Thermometer    . . . 

2 

2 

2 

2 

2 

2 

2 

Nitronaphthalin. — A  was  a  sample  which  had  been  in  mj 
collection  for  some  years,  and  the  details  of  its  preparation  are 
unknown.  It  was  distilled  in  steam,  and  crystallized  twice 
from  naphtha  and  thrice  &c.  (A3  &c.)  from  alcohol. 

B  was  a  similar  sample  from  the  same  source.  It  was 
purified  and  fractionated  exactl}^  in  the  same  way  as  A. 

Nitronaphthalin  becomes  sensibly  yellowed  by  continued 
exposure  to  light.     It  melts  with  considerable  sharpness. 

Table  XXIY. 


A3. 

A4. 

A5. 

As- 

A,. 

B,. 

Bi- 

B5. 

0 

0 

0 

0 

0 

0 

0 

0 

56-17 

5()^16 

66^17 

56-21 

56-15 

56-24 

56-17 

56^10 

-20 

•13 

-14 

-21 

-15 

•24 

•17 

•20 

-14 

•21 

•12 

-16 

•18 

•19 

•20 

•15 

•20 

•16 

•17 

•16 

•20 

-19 

•12 

-12 

■17 

•16 

•22 

•18 

•07 

-11 

-14 

•00 

•20 

•21 

•22 

•26 

•15 

•16 

-09 

•15 

•17 

•16 

•17 

•21 

•12 

•19 

-14 

•12 

•17 

■16 

•17 

•16 

•26 

•16 

-09 

-10 

•17 

•16 

•14 

•13 

•14 

•19 

•09 

•10 

-20 

■16 

•14 

•16 

•10 

•21 

-14 

•18 

-22 

•21 

•16 

•24 

•18 

•24 

-12 

-05 

-21 

•21 

•22 

•16 

•23 

•16 

-20 

■15 

•20 

•25 

•25 

-16 

•18 

•24 

•14 

■15 

•20 

•21 

-22 

•18 

■20 

•16 

•12 

-02 

Mean 

5619 
•004 

56^18 
•006 

56  18 
•007 

56^18 
-006 

56^16 
•009 

56^19 
-007 

56^14 
•006 

5611 
-010 

Probable  error  ... 

Thermometer    . . . 

0 

2 

2 

2 

2 

2 

2 

3 

Dr.  E.  J.  Mills's   Researches  on  Melting-point. 

Table  XXV. 
Summary  of  Results. 
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Substance. 

Weighted 
mean. 

Probable 
error. 

After 

PoggendorfTs 

correction. 

Air- 
thermometer. 

Toliiidine   

42-765 
44-270 
51-305 
52-723 
56-175 
61-778 
61-806 
69-211 
69-571 
69-667 
70-598 
77-052 
78-821 
78-841 
80-061 
80-524 
83-490 
87037 
89-718 
111-413 
111-579 
116-247 
121-0S2 

•004 
•003 
■005 
•002 
•002 
•003 
•003 
•004 
•004 
•003 
•004 
-001 
•004 
-004 
•002 
-003 
-002 
-002 
-003 
-OOG 
•004 
•005 
•005 

42-700 
44-205 
51-239 
52-657 
56-110 
61-714 
61-742 
69-154 
69-514 
69-610 
70-542 
77-004 
78-776 
78-796 
80018 
80-481 
83-452 
87-007 
89693 
111-448 
111-614 
116-298 
121-151 

^-890 
44-392 
51-407 
52-821 
56-261 
61-843 
61-871 
69-252 
69-610 
69706 
70-634 
77  068 
78-833 
78-853 
80-070 
80-532 
83-492 
87-035 
89-712 
111-455 
111-621 
116-319 
121-194 

Nitrophenol  {a) 

Nitrotoluol    

Dichlorobenzol  

Nitroiiaphthalin    

Dinitrophenol  («) 

Monobromaniline 

Dinitrotoluol  {a)  

..        .,       (6)  

Monochloraniline 

Dinitrobromobenzol ... 
Tric-hloraniline 

Dibromaniline  

Trinitrotoluol    

Naphthalin    

Trinitrotoluol  (M)    ... 
Nitrodibromobenzol . . . 
Dibromobenzol 

Dinitrobeuzol    

Nitropbenol  

Dinitropbenol    

Tribronianiline 

Trinitrophenol 

Discussion. 

The  determinations  of  melting-point  which  have  been 
recorded  in  the  preceding  tables,  and  the  results  of  which  are 
summarized  in  Table  XXV.,  show  a  very  small  probable 
error  in  connexion  with  their  weighted  means.  The  probable 
error  of  a  weighted  mean  has  ranged  from  0°"001  to  0°*006, 
its  average  value  being  less  than  0°'004.  So  far,  then,  as 
regards  the  actual  process  of  ascertaining  melting-point,  con- 
siderable accuracy  has  doubtless  been  attained. 

The  preliminary  operation  of  calibrating  the  thermometers 
was  so  conducted  as  not  to  have  introduced  material  error,  as 
indeed  is  obvious  from  a  comparison  of  the  results  obtained 
with  different  thermometers  on  melting  the  same  substance*. 
Regnault  was  of  opinion  that  the  height  of  the  barometer 
cannot  be  ascertained  with  a  less  error  than  about  O'l  millim. 
Such  an  error  would  correspond  to  about  0°"0037  on  100°; 
and  the  error  would  be  still  less  on  the  mean,  as  in  the  present 
case,  of  several  readings.  The  small  errors  in  the  determina- 
tion of  the  exposure-corrections  could  not  sensibly  affect  the 
*  See,  for  instance,  Table  VII. 
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final  results.  It  is  to  comparison  with  the  air-thermometer 
that  we  have  to  look  for  any  important  source  of  error.  All 
observers  who  have  made  an  extended  range  of  such  compari- 
sons have  found  noteworthy  errors,  though  they  have  in  no 
case  stated  probable  error.  The  probable  error  of  the  result 
of  my  own  comparisons  of  thermometer  2  with  the  air-ther- 
mometer is  0°'085  for  a  single  set  of  comparisons,  or  0°*085 
-^^/33  =  0°-015  for  the  results  of  the  thirty-three  sets.  This 
number  is  the  measure  of  probable  error  of  the  equation  em- 
ployed in  the  final  reductions.  Compounding,  then,  the  mean 
probable  error  of  the  melting-point  (•004)  with  that  of  the 
comparison  ('OlS)  with  the  air-thermometer,  we  may  consider 
the  melting-points  in  Table  XXV.  ascertained,  in  terms  of 
the  air-thermometer,  with  a  probable  error  of 

v/(-004)2  + (•015)2  =  0-015. 

The  relation  of  the  chemical  symbol  to  the  physical  proper- 
ties of  a  substance  is  a  matter  of  such  oi'eat  interest  that  I  have 
sought  for  it  in  melting-point,  although  other  investigators  of 
the  general  subject,  working  with  less  definite  data,  have  not 
arrived  at  very  encouraging  results. 

It  is  very  easy  to  show  that,  in  some  cases,  there  is  a  very 
simple  connexion  between  the  formula  and  the  melting-point 
of  a  substance  in  the  centigrade  scale.  Thus,  dichlorobenzol, 
bromaniline,  and  trinitrotoluol  form  a  group  in  which  melting- 
point  =  ^x  numerical  value  of  formula. 

Substance.  Formula.  Meltiug-poiut.  0. 

Dichlorobenzol  .  C^  H^  CI2  =147  52°-821  '35933 
Bromaniline.  .C6H6BrN=172  61'742  -35971 
Trinitrotoluol     .  C;H5N3  06=227         80^532         -35477 

In  the  first  of  these  two  instances  the  values  of  ^  are  almost 
exactly  the  same  ;  in  the  last,  however,  the  limits  of  probable 
error  are  exceeded,  though  a  close  approximation  is  very 
evident. 

The  following  comparison  furnishes  another  practical  iden- 
tity:- 

Meltiiig-pciint.  Melting-point. 

Trinitrotoluol.    78^853  -  Dinitrotoluol  .     69^252  =  9-G01  \ 
Trinitrophenol.  121-194  -  Dinitrophenol .  111-621  =  9-573  J 

In  the  next  instance  there  is  an  approximation: — 

Melting-point.  Meliing-puiul. 

Dinitrotoluol  .   69-252   —   Xi(roioliiol   .  51  •107=  1 7-845  | 
Dinitrophenol.  Hl-843   —   Nilrophcnol.  41-392  =  17-451  J 
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Such  illustrations  may  bo  of  service  in  enabling  us  to  detect, 
with  more  or  less  probability,  the  parallelism  of  chemical 
series,  and  to  enable  us  to  decide  whether  a  function — nitra- 
tion, for  example — has  or  has  not  the  same  value  in  different 
parts  of  a  series.  Other  groups  in  which  a  similar  but  less 
intimate  relation  prevails,  might  be  adduced  from  the  list ; 
and  a  glance  at  Table  XXV.  will  show  that,  on  the  whole, 
melting-point  and  formula  grow  together.  It  may  not  im- 
probably prove  to  be  the  case  that,  when  the  whole  subject  of 
melting-point  has  been  successfully  investigated,  this  simple 
relation  is  the  limiting  condition  of  the  real  law.  The  data, 
however,  hitherto  adduced  are  far  from  adequate  to  a  discus- 
sion of  numerical  relations  among  melting-points:  for  such  an 
object  it  would  be  a  fruitless  task  to  examine  them  further. 

Some  negative  results  of  this  investigation  are  worthy  of 
attention.  Thus  a.  and  /3  nitrophenol  have  the  same  additive 
formula,  and  yet  differ  by  G7°*063  in  their  melting-point.  It 
is  clear  then,  as  already  well  known,  that  melting-point  may, 
in  cases  of  isomerism,  be  related  to  something  else  than  for- 
niula.  The  melting-point  of  naphthalin  is  actually  lowered  in 
the  first  stage  of  nitration.  Considerations  such  as  these  may 
perhaps  serve  as  suggestions  for  future  work. 

An  accurate  method  of  determining  melting-point  places  it 
within  our  power  to  detect  far  more  delicate  shades  of  isomeric 
differences  than  have  hitherto  been  regarded  as  possible. 
Thus  strong  presumptive  evidence  has  been  adduced  (p.  14) 
that  dinitrotoluol,  when  prepared  directly  from  toluol  or  from 
liquid  (meta-)  nitrotoluol,  or  from  solid  (para-)  nitrotoluol  by 
gentle  nitration,  melts  at  69°*252;  but  that  when  paranitro- 
toluol  is  energeticaly  nitrated,  the  product  melts  at  69°*G10. 
There  are  consequently  two  moditications  of  dinitrotoluol  ob- 
tainable very  directly  from  toluol — the  melting-point  of  these 
substances  differing  by  0°*358,  a  quantity  far  beyond  the 
range  of  error  of  the  method.  In  like  manner,  it  can  be 
shown  that  two  parallel  modifications  of  ti'initrotoluol  exist — 
one  of  which  melts  at  78°-853,  the  other  at  80°-532  *. 

[For  a  complete  account  of  the  thermometers  referred  to  in 
this  memoir  the  reader  is  referred  to  the  Transactions  of  the 
Royal  Society  of  Edinburgh,  1881,  p.  567;  for  the  method  of 
determining  melting-point,  to  the  Proceedings  of  the  Royal 
Society,  vol.  xxxiii.  p.  203.] 

•    *  Compare  Phil.  Mag.  1875, 1.  p.  17. 
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II.  Measurement  of  Curvature  and  Refractive  Index.  By 
C.  Verxox  Boys,  A.R.S.M.,  Demonstrator  of  Physics  at 
the  Normal  School  of  Science,  South  Kensington* . 

[Plate  I.] 

OF  the  methods  best  known  for  measuring  the  curvature 
of  surfaces,  that  depending  on  the  spherometer  is  both 
accurate  and  convenient  in  the  case  of  surfaces  of  sufficient 
diameter  and  where  the  curvature  is  not  too  small.  The 
reflection-test,  depending  on  the  observation  with  a  telescope 
of  two  images  projected  on  a  scale,  is  certainly  not  convenient, 
nor  is  it  capable  of  giving  very  accurate  results.  While 
endeavouring  to  find  some  more  satisfactory  way  of  exa- 
mining the  curvature  of  the  surfaces  of  lenses  that  would  be 
both  accurate  and  simple,  I  discovered  the  method  which  I 
am  about  to  describe.  Though,  from  its  great  simplicity,  I 
can  hardly  expect  it  to  be  new  to  every  one,  yet  I  have  never 
heard  of  its  being  employed,  nor  do  those  to  whom  I  have 
shown  it  remember  to  have  seen  it  before.  Therefore,  even  if 
it  should  be  shown  that  this  method  is  not  new,  it  is  certainly 
so  little  known  that  I  think  it  worthy  of  attention. 

The  centre-of-curvature  test  known  as  Foucault's  test, 
which  is  used  to  examine  the  figure  of  the  mirrors  of  re- 
flecting telescopes,  gives,  perhaps,  the  most  delicate  means  of 
examining  form  that  exists.  By  its  means  the  expansion  by 
heat  of  a  portion  of  the  surface  produced  by  touching  it  with 
the  finger  is  rendered  evident,  as  an  apparent  mountain 
standing  out  of  the  glass,  which  takes  from  five  to  fifteen 
minutes  to  disappear  ;  and  the  warm  air  leaving  a  hand  held 
between  the  centre  of  curvature  and  the  surface  has  the 
appearance  of  flames  of  fire.  In  each  of  these  cases  no  other 
system  of  observation  could  show  in  so  striking  and  conspi- 
cuous a  manner  eftects  depending  on  so  slight  a  cause. 

The  examination  at  the  centre  of  curvature  is  carried  out  in 
this  way: — The  mirror  is  placed  in  a  convenient  support  so 
that  its  surface  is  vertical;  and  in  front  of  it  is  placed  a  lamp 
Avith  an  opaque  chimney,  through  which  some  pin-holes  have 
been  made.  If  one  of  these  holes  is  near  the  centre  of  cur- 
vature, the  light  lea\ang  it  and  reflected  by  the  surface  is 
brought  to  a  focus  on  the  other  side  of  the  centre.  This  focus 
is  then  found  ;  and  the  lamp  is  moved  till  the  focus  is  as  near 
the  chimney  as  will  allow  of  its  observation.  A  piece  of  thin 
sheet  metal,  with  a  straight  edge,  is  then  placed  so  that  it 
may  be  moved  to  or  from  the  mirror  or  laterally.  Now, 
if  the  edge  of  this  is  sufficiently  on  one  side  to  let  the  light 
*  Communicated  by  the  Autlior. 
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pass  the  focus,  an  eye  immediately  behind  the  focus  will  see 
the  mirror  filled  with  light;  but  if  it  is  gradually  moved 
across  while  the  eye  still  watches  the  mirror,  the  illumination 
of  the  latter  will  appear  to  die  away  in  the  same  direction  as, 
or  in  the  opposite  direction  to,  the  movement  of  the  edge,  or 
uniformly,  according  as  the  edge  is  between  the  mirror  and 
the  focus,  or  between  the  eye  and  the  focus,  or  at  the  focus. 
By  this  means,  and  by  this  means  only,  can  the  different 
radii  of  curvature  of  the  successive  zones  of  a  parabolic 
mirror  whose  radius  of  curvature  is  twenty  times  its  diameter 
be  accurately  measured.  The  close  contact  between  the  para- 
bola and  the  circle  is  due  to  the  fact  that  it  is  one  of  the  third 
order.  I  think  it  worth  mentioning  that  the  formula  given 
by  Dr.  Draper  in  the  '  Smithsonian  Contributions  to  Know- 
ledge,' vol.  xiv.  (1865),  for  testing  the  true  parabolic  form, 
gives  only  half  the  deviation  from  the  sphere,  as  Avas  pointed 
out  by  a  correspondent  of  the  '  English  Mechanic  '  who  signs 
himself  "  Orderic  Vital,"  and  was  confirmed  by  Mr.  E.  H. 
Liveing  and  myself*.  I  have  gone  thus  fully  into  the  Fou- 
cault  test,  as  my  method  involves  the  same  general  principle, 
viz.  making  the  rays  return  along  the  path  whence  they 
came. 

Before  considering  the  general  case  applicable  to  any  kind 
of  lens,  I  think  it  best  first  to  show  the  simplicity  of  the 
method  in  a  particular  and  common  case — that  of  a  thin  equi- 
convex  lens.  Fix  an  ordinary  spectacle-lens  in  a  clip,  with  its 
principal  plane  vertical ;  in  front  of  it  place  a  card  with  a  small 
hole  in  it ;  and  illuminate  the  hole  Avith  a  candle-flame.  It 
will  be  found  that,  when  the  lens  is  at  a  certain  distance  from 
the  card,  there  is  an  inverted  image  of  the  hole  formed  on  the 
card.  When  this  is  the  case,  the  light  leaving  the  hole  and 
meeting  the  front  surface  of  the  lens  is  refracted  and  meets 
the  back  surface  normally:  most  of  the  light  passes  through; 
but  a  small  portion  is  reflected  back  along  the  path  whence  it 
came,  and  is  sufficient  to  produce  an  image  easily  visible  in 
the  day.  This  distance  of  the  card  from  the  lens,  which  is  the 
apparent  radius  of  curvature  of  the  back  surface  seen  through 
the  front  surface,  is  throughout  this  paper  called  /.  The  true 
focal  length  F  of  the  same  lens  may  be  observed  in  the  usual 
way;  but  it  is  more  conveniently  found  by  fixing  a  plane  sur- 
face of  glass  behind  the  lens,  when  it  will  be  found  that 
another  image  may  be  produced  when  the  lens  is  about  twice 
as  far  from  the  card  as  it  was  before.  Since  an  image  is  pro- 
duced, the  light  must  have  returned  along  the  path  whence  it 
came,  and  must  therefore  have  struck  the  plane  surface  nor- 
*  English  Mechanic,  vol.  xxxi.  pp.  S9,  184,  207. 
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mally — that  is,  have  left  the  lens  and  returned  to  it  as  a 
parallel  beam ;  therefore  the  card  is  at  the  principal  focus. 
For  a  plane  glass  surface  a  piece  of  plate  glass  blacked  at  the 
back,  or  the  surface  of  a  prism  may  be  used.  The  observations 
of  the  distances  F  and  /  can  be  easily  and  accurately  made  ; 
then  the  radius  of  curvature  may  be  found  from  the  formula 

R=    ^f 


as  I  shall  presently  show. 

Before  doing  so,  however,  I  think  it  well  to  describe  the 
most  accurate  method  of  observing  the  distances  F  and/.  The 
card  with  the  pin-hole  is  convenient ;  but  it  is  difficult  to  find 
the  place  with  great  accuracy  where  the  focus  is  most  sharply 
defined,  and  to  measure  the  distance  when  found.  All  diffi- 
culty is  completely  avoided  by  the  following  plan: — Take  a 
piece  of  thin  sheet  metal,  of  the  size  and  shape  shown  in 
PI.  I.  fig.  1,  and  fix  in  front  of  it,  in  the  position  shown  by 
the  dotted  line,  a  small  reflecting-prism,  so  that,  when  a  small 
bright  flame  is  placed  on  one  side  of  the  prism,  a  beam  of 
light  leaves  the  slit  in  the  plate.  Replace  the  card  by  this 
plate  and  prism,  and  move  the  lens  till  the  aerial  image  of  the 
slit  is  formed  in  the  corner,  close  by  the  edge  of  the  prism. 
To  examine  the  position  of  the  image  with  greater  precision, 
an  ordinary  positive  eyepiece  -will  be  found  convenient.  When 
the  image  and  the  slit  are  equally  distant  from  the  lens,  there 
will  be  no  relative  movement  on  moving  the  eye  ;  if  there  is 
relative  movement,  the  distance  between  the  lens  and  the  plate 
must  be  increased  or  diminished  according  as  the  plate  or  the 
image  appears  to  move  with  the  eye.  When  the  distance  has 
been  properly  adjusted,  it  is  easily  measured  by  resting  a  scale 
on  the  continuation  of  the  lower  edge  of  the  slit,  and  moving 
it  till  it  touches  the  surface  of  the  lens.  The  position  of  the 
edge  of  the  prism  or  of  the  slit  may  then  be  read  with  great 
accuracy;  and  it  will  be  found  that,  on  repeating  the  obser- 
vations several  times,  a  discrepancy  more  than  a  tenth  of  a 
millimetre  between  any  of  the  measures  need  not  occur. 

Instead  of  obsei'ving  the  position  with  an  eyepiece,  the 
Foucault  plan  may  be  adopted.  Place  the  eye  immediately 
behind  the  edge  of  the  prism,  so  that  all  the  light  forming  the 
image  enters  the  eye.  Move  the  prism  laterally  towards  the 
image,  which  of  course  moves  to  meet  it,  and  observe  whether 
the  light  which  fills  the  lens  dies  away  uniformly,  or  whether 
it  seems  to  retreat  from  one  edge  of  the  lens.  If  the  retreat 
is  in  the  same  direction  as  the  moA-ement  of  the  prism-plate, 
the  distance  is  (oo  small  ;  if  in   tlie  opposite  dinH'tion,  too 
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great.  Either  of  these  systems  will  give  accurate  results";  1 
prefer  the  first,  as  tiring  the  eye  less  and  being,  especially  with' 
small  lenses,  the  more  accurate. 

A  convenient  support  for  the  lens  is  made  by  boring  a  hole,- 
with  a  less  diameter  than  the  lens,  in  a  piece  of  thin  parallel- 
sided  wood.  The  lens  may  be  slipped  under  two  clips,  so  as- 
to  rest  against  the  edge  of  the  hole  on  one  side  of  the  wood. 
On  the  other  side  a  piece  of  plate  glass,  blacked  at  the  back, 
is  cemented  or  held  in  a  similar  way  by  clips.  If  this  piece 
of  wood  is  fixed  vertically  on  a  horizontal  slide,  it  may  be 
moved  away  from  the  prism-plate,  and  the  distances/"  and  F 
determined  in  a  few  minutes.  Fig.  2  is  a  horizontal  section 
of  the  arrangement  when  the  principal  focus  F  is  being  deter- 
mined.    The  (lotted  line  shows  the  position  for/'. 

If  instead  of  a  lens  a  single  surface  only  is  to  be  measured, 
there  is  of  course  no  difficulty  in  the  case  of  a  concave  sur- 
face ;  but  a  convex  surface  may  have  its  curvature  determined 
in  the  following  way: — Arrange  the  prism-plate  and  flame  as 
before.  At  a  distance  in  front  of  the  prism-plate  more  than 
its  focal  length  fix  a  converging  lens,  preferably  achromatic. 
Observe  the  position  of  the  aerial  image  on  the  other  side  of  the 
lens,  and  make  it  coincident  with  the  edge  of  a  plate  of  metal,  m. 
The  positions  must  l)e  so  adjusted  that  the  distance  of  »i  from 
the  lens  is  greater  than  the  radius  of  curvature  of  the  given 
surface.  Now  place  this  surface  between  the  metal  plate  and 
the  lens,  and  move  it  till  an  image  is  formed  accurately  by 
the  side  of  the  prism.  Then  the  light  impinging  on  the  convex 
surface  has  been  reflected  back  along  the  path  whence  it  came, 
and  has  therefore  struck  that  surface  normally;  therefore  the 
place  m,  where  those  rays  would  have  met  had  they  not  been 
intercepted,  is  the  centre  of  curvature  of  the  convex  surface. 
Its  radius  of  curvature  can  therefore  be  measured  by  suitably- 
formed  callipers.  Fig.  3  is  a  horizontal  section  of  the 
arranoemeut. 

F/ 
I  have  stated  above  that  R  =  p37'  ^^  ^^^  case  of  a  thin  equi- 

convex  lens.  This  nmst  now  be  proved,  and  the  more  general 
case  of  any  kind  of  lens  treated  next.  First,  consider  that 
the  lens  is  so  thin  that  any  normal  to  either  surface  cuts  each 
at  points  appreciably  equally  distant  from  the  axis.  Since  the 
image  which  is  produced  is  partly  formed  of  rays  which  are  near 
the  axis,  these  rays  meet  the  axis  at  angles  so  small  that  the 
tangent,  the  sine,  and  the  arc  are  convertible  terms.  If  the  lens 
is  large  and  not  of  A-ery  long  focus,  this  will  not  be  true  of  rays 
from  near  the  edge  of  the  lens  ;  but  as  these  rays  are  not 
necessary  for  the  image,  the  central  ones  alone  may  be 
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employed,  and  by  them  the  curvature  of  the  whole  surface,  if 
spherical,  determined. 

On  the  front  surface  take  any  point  p,  and  through  it  draw 
a  radius  ;nR  of  the  back  surface.  Join  p  with  /,  the  apparent 
centre  of  curvature  of  the  back  as  seen  through  the  front  sur- 
face. Draw  also  through  p  a  radius  ah  of  the  front  surface 
and  a  line  dc  parallel  to  the  axis.  Then  the  angles  mpd,  dpb, 
ape  are  equal  to  one  another.  Call  these  angles  6.  The 
angle  apf=fjt,Xi\ng\em2jh=/j,2d;  therefore  the  mgh  cpf= 
fi2d—6.     But  the  angle  epR  =  6; 

y  =  2/t-l,   or   /i  =  -2^. 
By  the  property  of  equiconvex  lenses,  fM=^  +  l  ; 

or,  in  a  thin  equiconvex  lens,  the  radius  is  equal  to  the 
product  divided  by  the  difference  of  the  principal  focal  length 
and  the  apparent  radius  of  the  back  as  seen  through  the  front 
surface. 

It  might  be  expected  that,  as  this  formula  has  been  deduced 
from  a  specially  simple  case,  a  more  complicated  one  would 
be  necessary  if  the  two  sides  of  the  lens  were  not  equally 
curved,  or  if  one  surface  were  plane  or  concave.  But  such  is 
not  the  case  ;  the  same  formula  applies  in  every  possible  case, 
though,  as  will  be  shown,  experimental  difficulty  occurs  in  the 
case  of  a  diverging  meniscus. 

The  proof  of  the  formula  in  the  case  of  a  thin  lens  which  is 
not  equiconvex  is  similar  to  that  already  given.  Make  the 
same  construction  as  before,  and  let  Ej,  Ro  be  the  centres  of 
the  surfaces  1  and  2,  and  t\  the  apparent  centre  of  1  seen 
through  2.  Also  let  Ei  =  ?! Eg.  Call  each  of  the  angles  ?»/>(/, 
cjoEi,  6  ;  then  the  angles  (Z/'Eg  and  ape  will  each  equal  nO. 
As  the  angle  apji  —  iM  x  angle  ??ij:)E2=/i(l  +  n)d, .'.  angle  cpfi  = 
fji{l  +  n)d  —  7iO. '  But  angle  cpB.i  =  9; 

-j-=fM{n+l)  —  n. 

R 

Substitute  pi  for  n,  and  it  will  be  found  that 

E,(/,  +  E,) 


(6) 
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A  similar  proof  will  show  that 

By  the  property  of  lenses, 

''=WTW  +  ^' ^'^ 

where  F  is  the  principal  focal  length. 
By  combining  (1)  and  (3), 

111  p  FA  (A^ 

By  combining  (2)  and  (3), 

111              u         F/o  ..s 

E;=7^-F'   or    E,  =  j^^ (0) 

By  combining  (1)  and  (2), 

J^_J__J_ 1^ 

El     E2      /'i      /s 

It  is  not  a  little  surprising  that,  whatever  the  refractive 
index  of  the  material  of  the  glass,  or  the  curvature  of  the  front 
surface,  the  curvature  of  the  back  surface  can  always  be  ob- 
tained ^from  an  expression  in  which  both  apparently  are 
omitted.  They  are  both  of  course  involved  in  each  observa- 
tion, F  and  /,  which  accounts  for  the  possibility  of  their  being 
eliminated. 

It  is  interesting  to  follow  the  changes  which  occur  between 
the  two  extreme  limits  of  form — a  double  convex  and  a  double 
concave  lens.  Take  a  double  convex  lens,  and  suppose  one  of 
the  surfaces  to  be  gradually  pushed  in  ;  Avhen  it  has  become 
plane  we  have  the  first  particular  case — a  plano-convex  lens. 
Call  the  flat  surface  1  and  the  convex  surface  2  ;  then,  by  (4), 

^"/i      F' 
.•./i  =  F,  or  the  apparent  centre  of  curvature  of  the  flat  sur- 
face seen  through  the  round  surface  is  at  the  principal  focus. 

By  (5), 

1  _  1       ix-1 
R2     /o      K« 

since  F  =  ^ — ^;  .*.  Rg^A^/zjOr  the  apparent  radius  of  2  is  less 

than  the  true  radius  in  the  ratio  of  ^  to  1 . 

If  the  pushing-in  process  is  continued,  the  surface  1  will 
become  concave.  Four  observations  can  then  be  made — F, 
/'i,/2,  and  Ri  ;  therefore  Ro  mav  be  found  by  either  of  the 

i)  2  ■ 


36  Mr.  C.  V.  Boys  on  MeasuTcment  of 

equations  (5)  or  (6).  As  the  surface  1  becomes  more  con- 
cave, its  apparent  centre  on  the  other  side  of  the  lens  will 
retreat  to  an  infinite  distance  ;  and  then  the  concave  side  will 
appear  flat  when  viewed  throucrh  the  convex  surface.  This  is 
the  case  when  Ei=  — F,  as  may  be  shown  by  making/'i  =  cc  in 
(•4),  or  as  is  obvious  from  a  diagram.  When  E^  becomes  less 
than  this, /'i  becomes  an  imaginary  point  on  the  other  side  of 
the  lens,  such  that,  if  rays  were  sent  so  as  to  converge  upon 
it,  they  Avould  return  as  though  they  had  come  from  it.  Its 
position  could  be  determined  experimentally  by  the  method 
given  for  a  convex  surface  on  p.  33  ;  but  as^the  true  radius 
can  be  determined  directly,  there  is  no  necessity  to  find  this 
imaginary  apparent  radius. 

Let  the  concavity  of  surtace  1  increase  ;  the  next  particular 
case  is  that  of  a  watch-glass,  where  Kj=— Ho.  Then  F  be- 
comes infinite,  and  the  two  points  f^  and  Rj  become  coinci- 
dent. When  the  surface  1  becomes  still  more  concave,  F 
becomes  negative  and  virtual,  and  R^  and  /s  pass  one  another. 
The  experimental  determination  now  becomes  more  difficult; 
for  neither  can  F  or  /^  be  observed  directly;  but  still  the 
equations  (5)  and  (6)  hold.  They  may  each  be  found  by  the 
method  for  a  convex  surface,  which  is  less  convenient  than 
the  direct  method. 

If  the  concavity  of  the  surface  1  continues  to  increase, 
another  limit  will  be  reached,  at  which  /j  becomes  infinite. 
This  is  obviously  the  case  when  R2=  —  F;  that  is,  when  the 
focal  length  has  been  so  shortened  by  the  increasing  concavity 
as  to  be  equal  to  the  radius  of  the  convex  surface.  When 
this  is  the  case,  the  surface  1  seen  through  2  appears  plane. 
When  the  concavity  passes  this  limit,  /'g  becomes  negative  and 
imaginary,  and  the  experimental  difficulty  is  still  further 
increased,  for  Ri  only  can  be  directly  observed  ;  but  still  the 
equations  (4),  (5),  and  (6)  are  true.  No  further  increase  in 
the  concavity  of  1  will  produce  any  new  conditions.  Now, 
the  curvature  of  1  remaining  constant,  let  2  become  flatter  ; 
when  it  has  become  plane,  there  is  no  occasion  to  observe  F,/i, 
or/2  to  determine  the  form  of  the  surfaces.  When  2  becomes 
concave  also,  the  curvature  of  each  surface  can  be  directly 
measured;  and  all  difficulty  is  removed.  Every  possible  case 
has  now  been  considered  ;  and  though  the  equations  are  always 
true,  experimental  difficulty  only  occurs  in  the  two  classes  of 
diverging  meniscus. 

If  a  parallel  beam  of  light  falls  on  the  lens,  it  will  be 
refracted  at  the  front  surface,  partly  reflected  from  the  back, 
and  again  refracted  at  the  back  surface,  and  be  brought  to  a 
focus  at  a  distance  from  the  lens  equal  to  half  the  apparent 
radius. 
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As  the  light,  in  its  passage  to  and  from  the  apparent  centre 
/i,  is  twice  refracted  bj  2  and  once  reflected  by  1,  it  would 
seem  at  first  sight  that  the  value  of  /i  might  be  obtained  by 
combining  in  the  usual  way  the  expression  for  twice  the  focal 
length  of  an  equiconvex  lens  with  surfaces  having  the  same 
curvature  as  2  and  the  radius  of  1  ;  thus 

/i      2F^Ri- 
But  this  operation,  depending  on  a  false  assumption,  leads  to 

an  erroneous  result.     It  makes /i  =  -       ^— ,  instead  of 

EE  /A— lEj  +  Ej 

^    ^  The  error  arises  in  this  Avay : — When  a  double 


//.  — lEi  +  /LtE2 

convex  lens  is  employed,  either  to  bring  or  to  hurry  light  to 
a  focus,  the  bending-powers  of  the  two  surfaces  depend  on  the 
angles  they  make  Avith  the  ray  in  the  lens.  Now,  if  one  of 
these  angles  is  great,  the  other  must  be  small;  so  that,  as  a 
combination,  they  have  the  same  focus-shortening  power,  hoAV- 
ever  the  light  falls  on  them.  But  when  a  ray  passing  from 
and  returning  to  the  apparent  centre  /  strikes  the  front  sur- 
face, that  surface  makes  an  angle  with  the  ray  in  the  lens 
w^hich  is  greater  than  the  mean  in  the  ordinary  way ;  there- 
fore the  surface  produces  a  greater  diverting  eifect;  and  hence 
the  distance  /  is  less  than  it  Avould  be  if  the  supposition  made 
were  correct. 

All  that  has  been  shown  at  present  is  onl}"  true  when  the 
thickness  of  the  lens  is  inappreciable.  When  this  is  not  the 
case,  rays,  whether  from  the  principal  focus  F  or  from  an 
apparent  centre  /",  will  not  cut  the  two  surfaces  at  points 
equidistant  from  the  axis.  First,  consider  the  case  of  an 
equiconvex  lens.  Let  fig.  5  represent  a  portion  of  a  thick 
equiconvex  lens.  As  before,  since  the  central  rays  are 
sufficient  to  give  an  image,  arcs,  sines,  and  tangents  may  be 
considered  identical.  On  one  surface  take  any  point  j-j. 
Through  it  draw  a  radius  pR,  and  the  line  phc  parallel  to  the 
axis.  Now  a  ray  of  light  parallel  to  the  axis,  meeting  the 
surface  in  the  point  j)  with  an  angle  of  incidence  equal  to  6, 

Q 

will  be  refracted  so  that  the  angle  dpe  is  equal  to  - ;  therefore 

u  — 1  f^ 

the  angle  bpd=6^ .    Therefore  the  line  j;?d  continued  will 

meet  the  axis  in  a  point  a  such  that 

^"-01 (1) 

But  this  ray  is  diverted  at  the  point  d,  and  bent  dowH  so  as  to 
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meet  the  axis  at  the  principal  focus  F.  It  is  required  to  find 
the  length  c^F,  or,  shortly,  F — that  is,  the  distance  of  the 
principle  focus  from  the  surface.  Since  the  line  pa  has  cut 
the  front  surface  at  a  point  d  nearer  the  axis  than  p,  the  in- 
clination of  the  normal,  hs,  at  d  will  be  less  than  6,  and  will 
equal  m6  if 

pa  —  t  /,v 

»i  =  ' (2) 

t  being  the  thickness  of  the  lens.     Now  the  angle  pdi^  =  the 

•angle  dhj)  + the  angle  hpd  =  6iin-\-~ );  therefore  the  angle 

/        II— 1\  \  /"    / 

hd'F  —  fJiOim -^- Y  and  the  angle 

fjdY  =  fxe{)u  +  ''^\-me  =  d{l^n'{j:^).      .     .     (3) 

Since  the  lines  dF  and  da  leave  the  same  point  d  with  different 
inclinations,  they  will  meet  the  axis  at  distances  which  are 
inversely  as  these  angles.     Therefore 

da      l+mfjb  —  1 


F=      f.-l      =M  +  "M 


therefore 


H' 


y_    pa  —  t     _      \fJ'  —  l      /  /4\ 

fM{l+7n)~2/j.B.-t{fjL-iy       •     •     •     •     ^^ 

by  (1)  and  (2).     This  is  the  distance  of  the  principal  focus 
from  the  surface  of  the  lens. 

The  distance  ef  of  the  apparent  centre  from  the  surface  may 
be  found  in  a  similar  way.  The  normal  at  e  makes  an  angle 
n6  less  than  $,  such  that 

^=-^ (5) 

The  angle  pet  =  (71  +  1)6;  the  angle  cef=/j,(7i  +  l)6;  and  the 
angle  kef=6\ji(n+l)  —  n].     Therefore 

This  is  the  distance  of  the  apparent  centre  from  the  surface. 
By  (6), 

,,-(R+/)(R-0 

^-"     /(2R-0     ' 
Substitute  this  value  of  ^  in  (4);  on  simplifying,  it  will  be 
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found  that 

^'-KlW"^^0  =  W"'''  •  •  •  •  (7) 
from  which  R  may  be  found  if  F,/^  and  t  are  given.  If  t  is 
made  equal  to  0,  equation  (7)  gives 

The  tirst  result  is  the  same  as  that  already  found  for  u  thin 
lens  ;  while  the  valuo  — /'  seems  to  have  no  physical  meaning. 
If  the  thick  lens  is  not  equiconvex,  there  are  five  observa- 
tions possible — the  distances  of  the  two  apparent  centres  from 
the  surfaces,  the  distances  of  the  two  principle  foci  from  the 
surfaces,  and  the  thickness  ;  but  there  are  only  three  things 
to  be  determined — the  two  real  radii  and  the  refractive  index: 
therefore  the  equations  for  Ri,  R2,  and  fx  must  be  capable  of 
solution.  The  following  are  the  expressions  which  may  be 
found  by  a  similar  treatment  of  fig.  5  to  that  already  employed 
in  the  case  of  the  equiconvex  lens,  if  it  be  remembered  that 

all  the  angles  made  by  surface  1  are  ^  times  those  made  by 

surface  2  at  the  same  distance  from  the  axis.     They  are 

rRj— f rRg  — < 


/*-^  r^  _r>        ^■ 


^1  =  Rz.vo    ,  p orr-;,  Fg  =  Ri 


/_p ^i—t .  R2— f 


V(Ri+R2-0-(i^-0' '       V(Ri  +  R2-0-(R2-0" 

The  first  two  of  these  equations  give 

Fi_A^-Ri^(f^-l). 

F2       ;.-R2i(^-l)' 

and  the  second  two  give 

_R7±AREL      and     „_A±MiEi 

'^"/i(Ri  +  R2-0  ^■"/2(Ri  +  R2-0' 

By  these  jx  may  be  eliminated.  The  solution  for  R^  and  Rg 
I  have  not  obtained  ;  but  I  do  not  think  there  is  any  difficulty. 
The  following  application  to  the  case  of  liquids  of  the  prin- 
ciple of  making  the  rays  return  along  the  path  whence  they 
came,  forms  a  neat  though  impracticable  method  of  deter- 
mining their  refractive  index  when  greater  than  >/2  : — Re- 
place the  ci'oss-wires  of  a  telescope  by  a  prism-plate,  as  already 
described,  but  in  which  the  slit  is  longer  and  adjustable.  Fix 
opposite  the  object-glass  a  piece  of  parallel-sided  plate-glass, 
with  its  plane  at  right  angles  to  the  optical  axis.     The  cor- 
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rectness  of  this  adjustment  may  obviously  be  determined  at 
the  eyepiece.  Let  the  glass  plate  form  the  bottom  of  a  trough 
in  which  the  liquid  may  be  placed,  and  let  there  be  under  this 
a  dish  containing  mercury.  No\y,  there  is  a  certain  inclination 
of  the  telescope  at  which  the  beam  from  the  illuminated  slit, 
rendered  parallel  by  the  object-glass,  is  refracted  at  the  free 
surface  of  the  liquid,  and  again  at  the  surfaces  of  the  glass 
plate,  so  as  to  leave  the  latter  vertically;  then,  striking  the 
mercury,  it  returns  along  the  path  whence  it  came,  and  may 
be  viewed  by  the  eyepiece.  Under  these  conditions  the  beam 
of  light  on  either  side  of  the  prism  is  at  right  angles  to  the 
opposite  side;  therefore  they  make  equal  angles  with  the 
adjacent    sides,    and    the   prism    is   at   minimum   deviation. 

Calling  the  inclination  of  the  telescope  ^,we  have  wi\\9  =  ^ii-,\\\-^; 

therefore  //,=  \/2(l +  cos  ^).  The  telescope  may  be  first  in- 
clined on  one  side  and  then  on  the  other,  and  half  the  angle 
moved  over  taken  as  6.  I  have  fovind  it  utterly  impossible  to 
get  the  sodium-line  to  keep  still  for  a  moment,  or  to  be  even 
fairly  defined,  as  every  movement  in  the  neighbourhood  pro- 
duces a  tremor  on  the  surface  of  the  liquids,  Avhich,  in  the 
Science  Schools  at  Kensington  at  any  rate,  is  so  continuous 
as  to  make  it  impossible  to  observe  with  accuracy.  I  should 
have  said  that  the  top  of  the  prism  must  be  covered  in  with  a 
glass  plate,  to  prevent  the  evaporation  and  consequent  super- 
ficial cooling  of  the  liquid  forming  the  prism,  which  causes 
striae  in  the  liquid,  spoiling  definition  even  more  than  the  con- 
tinuous tremor. 

Helmholtz  and  others  have  shown  that,  during  accommoda- 
tion of  the  eye  for  near  objects,  the  cornea  does  not  change 
in  curvature,  the  front  surface  of  the  lens  becomes  more 
curved  and  advances,  and  the  back  surface  does  not  appreciably 
change.  The  proof  given  is  that  the  images  of  a  light  pro- 
duced by  reflection  from  the  cornea  and  from  the  back 
surface  of  the  lens  do  not  change,  while  that  produced  by 
the  front  surface  of  the  lens  advances  and  becomes  smaller. 
Now  it  would  appear  at  first  sight  that  these  observations 
prove  a  flattening  of  the  back  surface  of  the  lens  during 
accommodation  ;  for  if  it  did  not  change  in  curvature,  the 
rays  of  light  passing  twice  through  the  more  curved  front 
surface  would  sooner  come  to  a  focus  ;  but  since  they  do 
not  apparently  sooner  come  to  a  focus,  it  would  seem  that  a 
flattening  of  the  back  surface  must  have  occurred  to  counteract 
the  shortening  influence  of  the  more  curved  front  surface.  In 
the  case  of  ordinary  lenses  this  would  be  so;  but  it  so  happens 
that  in  the  crystalline  lens  the  focus  by  reflection  is  formed 


I 


Experiments  on  the  Faure  Acenmulator.  41 

within  it,  and  so  the  more  curved  front  surftice  magnifies  the 
smaller  image,  which  therefore  appears  unchanged. 

While  on  the  subject  of  reflection  in  lenses,  I  think  it  worth 
while  to  mention  that  convex  lenses  silvered  at  the  back  make 
excellent  and  easily  constructed  concave  mirrors.  Since  both 
surfaces  conduce  to  bring  light  to  a  focus,  flatter  curves  may 
be  used  than  are  necessary  for  a  plain  concave  reflector  of  the 
same  focal  length;  also,  since  the  two  surfaces  are  not  parallel, 
false  images  are  not  produced  ;  so  that  the  advantage  of  glass 
silvered  at  the  back  remains,  without  the  usual  disadvantage. 
A  spectacle-lens  of  about  five  inches  focal  length,  silvered  at 
the  back  and  mounted,  forms  an  eye-glass  (I  mean  a  glass  for 
examining  the  eye)  which  every  one  who  works  in  metal  should 
possess.  I  have  found  by  its  means  specks  of  metal,  thrown 
from  the  lathe,  which  were  utterly  invisible  by  other  means, 
but  which  were  nevertheless  exceedingly  painful. 


III.  Experiments  on  the  Faure  Accumulator. 
By  Professors  W.  E.  Aykton  and  John  Perry*. 

HAVINGr  made,  at  the  request  of  the  Faure  Accumulator 
Company,  a  series  of  experiments  on  some  of  their 
cells,  we  have  thought  that  a  short  account  of  some  of  the 
results  obtained  may  not  be  uninteresting  to  the  members  of 
the  Physical  Society. 

The  object  of  the  experiments  was  to  ascertain,  yZr^^,  the 
efficiency  of  a  cell — that  is,  the  ratio  of  the  energy  given  out 
by  it  to  the  energy  put  into  it;  secondly,  the  storing-power  of 
a  cell;  and,  lastly,  whether  or  not  there  was  a  deterioration  in- 
its  working-powers.  To  measure  the  energy  put  into  any 
electric  circuit,  we  have  merely,  of  course,  to  take  time- 
readings  of  the  current  flowing  through  the  circuit,  as  well  as 
the  difference  of  potentials  between  its  two  extremities.  The 
current  in  amperes  multiplied  by  the  electromotive  force  in 
volts  and  by  44*25,  gives  the  number  of  foot-pounds  per 
minute  that  is  being  put  into  that  part  of  the  circuit  as  elec- 
tric energy.  For  measuring  the  current  we  have  used  throuo-h- 
out  our  anmieters  (short  for  ampere-meters),  and  for  measurino- 
electromotive  force  our  voltmeters,  the  latter  being  employed 
of  course  in  a  shunt  circuit. 

Of  the  total  electric  energy  put  into  the  circuit,  and  which 
is  measured,  in  foot-pounds  per  minute,  by  44*25  AV,  a  por- 
tion will  be  employed  simply  in  heating  the  circuit,  and  the 

*  Communicated  by  the  Physical  Society,  having  been  read  at  the 
Meeting  on  February  25,  1882. 
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remainder  may  be  utilized  in  producing  useful  work.  For 
example,  if  a  time-curve  be  drawn  for  44'25  AV  when  charging 
a  Faure  accumulator,  the  area  of  the  curve  will  measure  the 
total  energy  put  into  the  accumulator  in  foot-pounds  ;  but 
of  this  some  portion  has  been  wasted  in  heating  the  cell,  due 
to  the  charging  having  been  more  rapid  than  was  absolutely 
necessary.  It  was,  of  course,  of  considerable  importance  in 
our  experiments  to  ascertain  what  portion  of  the  energy  put 
into  the  cell  was  really  thus  wasted;  and  to  measure  this  the 
following  experiments  were  made. 

Occasionally  the  main  current  was  stopped,  the  shunt  cur- 
rent through  the  voltmeter  being  left  completed.  The  reading 
now  on  the  voltmeter  gives  the  diflPerenco  of  potentials  pro- 
duced by  the  cell  itself,  whereas  the  previous  reading  was  the 
combined  difference  of  potentials  produced  by  the  cell  and  the 
dynamo-machine  charging  it.  If  now  a  new  time-curve  be 
drawn  in  which  the  ordinates  represent  the  product  of 
44'25  AV',  where  Y'  is  the  electromotive  force  of  the  cell 
measured  on  the  circuit  being  broken,  and  A  is  the  mean 
value  of  the  current  flowing  just  before  breaking  and  just  after 
closing  the  circuit,  the  area  of  the  new  curve  will  represent 
that  portion  of  the  energy  put  into  the  cell  which  is  usefully 
employed  in  chemical  decomposition.  The  difference  between 
the  areas  of  these  two  curves  represents,  then,  the  amount  of 
energy  wasted  in  heating  the  cell  in  foot-pounds. 

Again,  on  discharging  the  cell,  experiments  of  a  similar 
nature  have  to  be  made.  The  product  44*25  AV  represents 
the  number  of  foot-pounds  of  work  per  minute  the  cell  is  pro- 
ducing in  the  external  circuit,  V  being  the  difference  of  poten- 
tials between  the  two  poles  of  the  cell  while  it  is  discharging; 
but,  in  addition,  there  is  a  certain  amount  of  energy  which  is 
being  expended  in  heating  the  cell  itself  during  discharge. 

This,  as  before,  may  be  ascertained  by  breaking  the  main 
circuit,  leaving  the  shunt-voltmeter  circuit  completed.  The 
reading  on  the  voltmeter  V  now  indicates  the  real  electro- 
motive force  of  the  accumulator  during  discharge;  whereas  the 
previous  reading,  obtained  just  before  breaking  the  circuit, 
represents  merely  the  fraction  of  the  total  electromotive  force 
employed  in  sending  the  current  through  the  external  resist- 
ance. If  a  time-curve  be  drawn  with  its  ordinates  propor- 
tional to  44-25  AV,  where  A  is  the  mean  value  of  the  current 
just  before  breaking  and  just  after  closing  the  circuit,  its  area 
will  represent  the  total  number  of  foot-pounds  of  energy  per 
minute  being  given  out  by  the  cell;  and  the  difference  between 
the  areas  of  the  last  two  curves  will  represent  the  number  of 
foot-pounds  of  energy  employed  in  heating  the  cell  itself.     It 
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is  to  be  noticed  that  during  charging  V  is  less  than  V,  whereas 
on  discharging  V''  is  greater  than  V. 

An  examination  of  thirty-five  sheets  of  time-curves,  which 
we  have  drawn  from  the  experiments  we  made,  shows  that,  in 
charging,  the  curve  for  AV  rises  at  first ;  and  as  it  rises 
more  rapidly  than  that  for  AY',  this  means  an  increase  in  the 
resistance  of  the  accumulator. 


Time. 


As  the  charging  continues,  the  two  curves  for  AVand  AV 
approach  one  another,  showing  that  the  internal  resistance  of 
the  accumulator  diminishes  again.  On  the  other  hand,  at  the 
end  of  a  long  discharge  the  curve  for  AV  falls  more  rapidly 
than  that  for  AV,  due  to  an  increase  in  the  internal  resistance. 
Now  our  experiments  show  a  great  constancy  in  the  electro- 
motive force  of  a  Faure  cell,  and  that  the  falling-ofF  in  dis- 
charging which  occurs  during  a  very  rapid  discharge,  or  at 
the  end  of  a  long  discharge,  is  due  more  to  an  increase  in  the 
internal  resistance  of  the  accumulator  than  to  a  diminution  in 
the  electromotive  force,  which  our  methods  of  experimentino- 
above  described  enable  us  to  separate  and  measure  inde- 
pendently. But,  whether  discharging  rapidly  or  whether 
discharging  slowly,  there  is  a  most  curious  resuscitating- 
power  in  the  cell,  which,  if  disregarded,  will  cause  totally  erro- 
neous underestimates  to  be  made  of  the  efficiency  of  the  cell. 

This  resuscitatiug-power  is  more  marked  for  rapid  discharges 
than  for  slower  ones.  In  the  case,  for  example,  of  an  ex- 
tremely rapid  discharge,  we  found  that  when  the  flow  had 
become  apparently  so  feeble  that  the  cell  appeared  totally  dis- 
charged, leaving  the  poles  of  the  cells  insulated  caused  three 
times  as  much  electric  energy  to  be  given  out  all  together  in 
the  second  discharge  as  had  been  given  out  in  the  first.  And 
even  when  several  days  are  taken  to  discharge  the  cell — and 
we  may  mention  that  we  have  had  continuous  observations 
made  day  and  night  for  several  days  in  certain  cases — this 
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resuscitating-power  is  wonderfully  marked.  An  insulation  of 
a  few  hours  will  cause  the  energy  given  off  per  minute  on 
redischarging  to  be  eight  to  ten  times  as  great  as  it  was  before 
insulation.  Indeed  on  one  occasion,  after  a  cell  had  apparently 
nearly  discharged  itself,  it  was  left  shortcircuited  with  a  thick 
wire  for  half  an  hour,  then  insulated  all  night,  when  the  num- 
ber of  foot-pounds  of  work  per  minute  given  off  at  the  com- 
mencement of  the  discharge  the  following  morning  was  found 
to  be  ten  times  as  great  as  it  wa's  on  the  previous  evening,  and 
a  greater  amount  of  energy  was  actually  taken  from  it  in  the 
second  discharge  than  in  the  first.  This  phenomenon  gives 
the  Faure  accumulators  a  great  value  for  tramcar  propul- 
sion, since,  as  is  well  known,  it  is  just  on  starting  after  stop- 
ping that  the  strain  on  the  horses  is  so  great. 

Efficiency. — To  determine  the  efficiency  of  cells  we  com- 
mence with  them  empty,  or  at  least  as  empty  as  many  hours' 
shortcircuitino-  with  a  thick  wire  could  make  them.  We 
then  measured  the  total  amount  of  energy  put  in  and  the 
total  amount  subsequently  given  out,  and  we  found  that,  for 
charges  up  to  a  million  foot-pounds  put  into  the  cell  and  dis- 
charged with  an  average  current  of  17  amperes,  the  loss  in 
charging  and  discharging  combined  may  not  exceed  18  per 
cent.  Indeed,  for  very  slow  discharges  the  loss  in  charging 
and  discharging  combined  in  some  of  our  experiments  has  been 
as  low  as  10  per  cent. 

Storing-pou-er. — It  is  a  little  difficult  to  measure  the  maxi- 
mum storing-capacity  of  the  cell  at  the  same  time  that  mea- 
surements are  made  of  its  efficiency,  because  in  the  latter  case 
we  must  take  care  that  we  do  not  put  in  more  electric  energy 
than  the  cell  can  hold ;  on  the  other  hand,  if  precautions  are 
taken  to  avoid  overcharging,  it  is  a  little  difficult  to  ensure  that 
the  full  charge  has  been  put  in.  We  have  therefore  separated 
our  experiments  for  measuring  the  efficiency  from  those  em- 
ployed to  ascertain  the  storing-power. 

Let  us  take  a  single  example  of  the  storing-capacity.  A 
certain  cell  containing  81  lb.  of  lead  and  red  lead  was  charged 
and  then  discharged,  the  discharge  lasting  eighteen  hours — 
six  hours  on  three  successive  davs:  and  it  was  found  that  the 
total  discharge  represented  an  amount  of  electric  energy  ex- 
ceeding 1,440,000  foot-pounds  of  work.  This  is  equivalent  to 
one  horse-power  for  three  quarters  of  an  hour,  or  18,000  foot- 
pounds of  work  stored  per  pound  weight  of  lead  and  red  lead. 
The  curve  shows  graphically  the  results  of  the  discharge. 

Horizontal  distances  represent  time  in  minutes,  and  vertical 
distances  foot-pounds  per  minute  of  energy  given  out  by  the 
cell,  and  the  area  of  the  curve  therefore  the  total  work  given 
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out.      On  the  second  day  we  made  it  give  out  energy  more 
rapidly  than  the  first,  and  on  the  third  more  rapidly  than  on 
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the  second,  this  being  done  of  course  by  diminishing  the  total 
resistance  in  circuit.  During  the  last  day  we  were  discharging 
with  a  current  of  about  25  amperes.  And  this  cell,  like  the 
others,  showed,  on  being  insiilated  after  having  been  apparently 
totally  discharged,  that  there  was  still  a  large  charge  stored  up; 
hence  the  numbers  given  above  for  the  capacity  are  probably 
under  the  total  value. 

Deterioration. — As  to  deterioration,  two  months  constant 
charging  and  discharging  of  the  two  accumulators  under  test 
showed  no  signs  of  deterioration. 


IV.  A  Simplified  Dispersion-Photometer. 
By  Professors  W.  E.  Aykton  and  John  Perry*. 

IT  will  be  in  the  recollection  of  the  Members  that  in  1879 
we  described  to  the  Society  a  dispersion-photometer 
which  enabled  measurements  to  be  made  of  the  intensity  of 
the  strongest  electric  light  in  a  small  room  and  for  the  rays 
coming  from  the  electric  light  at  any  angle — two  essentials 
which  appeared  to  us  necessary  in  an  electric-light  photometer. 
The  principle  of  this  photometer  consisted  in  our  use  of  a  con- 
cave lens  to  weaken  the  strength  of  the  light,  so  as  to  make 
the  illumination  of  a  screen  comparable  with  the  illumination 
of  a  standard  caudle,  instead  of  keeping  the  lamp  a  distance  of 

*  Communicated  by  the  Physical  Society,  having  been  read  at  the 
Meeting  on  February  35, 1882. 
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50  or  100  feet  away,  which  was  the  plan  in  use  until  that  time. 
We  exhibit  now  five  successive  forms  of  the  instrument,  which 
illustrate  the  history  of  its  development  to  the  present  time. 

1.  The  first  of  these  is  very  nearly  the  same  as  that  described 
in  our  former  paper,  with  the  exception  that  we  discarded  the 
use  of  a  long  screw  (shown  in  our  original  figure)  for  adjusting 
the  position  of  the  lens — as  we  found  that  a  very  easy  adjust- 
ment might  be  effected  with  the  fingers,  the  tension  of  the 
bellows  part  making  an  automatic  clutch  which  fixed  the  lens- 
slide  in  any  position. 

2.  The  second  specimen  is  on  the  same  principle,  only  that 
telescope-tubes  are  used  instead  of  a  wooden  frame  and  a  bel- 
lows. Instead  of  the  lens  part  alone  tilting  when  the  elevated 
or  depressed  light  has  to  be  examined,  the  candle-box  is  here 
made  to  tilt  also,  the  candle  being  supported  in  gimbals  so  that 
it  may  remain  vertical  for  every  angle  of  elevation. 

3.  The  third  specimen  is  on  pretty  much  the  same  principle; 
but  as  we  found  a  difficulty  in  comparing  two  illuminated 
disks  whose  centres  were  some  distance  apart,  we  arranged  in 
front  of  these  disks  two  mirrors,  which  enable  us  to  make  the 
comparison  between  two  illuminated  semicircles  having  the 
same  diameter.  The  difficulty  of  adjusting  the  lens  and 
making  a  comparison  of  the  illuminations,  and  reading  the 
scale,  without  moving  one's  head,  in  all  these  early  instru- 
ments led  us  to  the 

4th  form,  M'hich  is  probably  familiar  to  the  Members,  as  it 
was  exhibited  at  Paris  and  largely  used  there  for  measure- 
ments. In  this  the  candle-box  and  the  lens-box  are  placed 
end  to  end,  the  lens  is  fixed  in  a  wooden  piston  which  moves 
in  its  hollovr  square  box,  which  is  lined  with  Aelvet:  and  the 
lens  shows  its  position  by  a  pointer  moving  o"S'er  the  scale 
outside.  The  pointer  projects  from  the  inside  of  the  wooden 
cylinder  at  any  point  of  a  long  slot,  whose  sides  are  made  of 
india-rubber  tubing,  so  that  no  extraneous  light  can  reach  the 
illuminated  screen.  A  little  handle  working  a  rack  and  pinion 
enables  the  lens  to  be  placed  in  any  position.  Through  a  hole 
at  the  side  the  two  screens  can  be  viewed  reflected  in  two 
mirrors,  inclined  to  one  another  in  the  space  between  the 
candle-box  and  the  lens-cylinder;  and  the  ilhmiinated  papers 
are  viewed  as  two  semicircles  having  a  common  diameter.  In 
front  of  this  hole  we  have  slides  of  red  and  green  glass  ;  so  that, 
as  our  custom  has  always  been,  we  make  two  measurements — 
one  a  comparison  of  the  ruby-red  light  of  the  lamp  examined 
with  the  red  light  of  the  candle,  and  another  of  the  green 
lights.  This  instrument  differed  from  the  earlier  forms  in  not 
requiring  any  calculation  to  be  made  of  the  strength  of  the 
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light ;  that  is,  the  reading  of  the  pointer  was  not  merely  a 
reading  of  its  distance  from  the  screen,  but  it  was  a  reading  in 
standard  candles  of  the  power  of  the  light.  Three  such  scales 
were  placed  on  the  instrument;  and  there  were  three  certain 
distances  at  which  the  lamp  had  to  be  placed  for  examination. 
The  tilting-arrangemeut  was  of  course  different  from  that  of 
the  earlier  forms. 

As  the  instrument  had  by  this  time  (the  end  of  last  year) 
come  into  a  rather  extensive  practical  use,  we  had  opportu- 
nities of  seeing  that,  as  an  instrument  to  be  used  by  unscien- 
tific persons,  it  was  not  yet  in  a  perfect  condition,  in  spite  of 
the  many  changes  that  had  been  made  in  its  construction. 
The  most  important  difficulty  was  due  to  the  fact  that  a  slight 
lateral  change  in  the  position  of  the  observer's  eye  caused  the 
apparent  illumination  of  the  screens  to  vary.  Being  aware  of 
this  fact  ourselves,  we  maintained  a  certain  fixed  position  of 
the  eye  when  making  observations ;  but  the  instrument  could 
not  at  once  be  used  by  po'sons  not  accustomed  to  make  deli- 
cate experiments. 

5.  The  fifth  form,  which  we  now  present  to  the  Society, 
is  the  outcome  of  our  labours  on  this  subject.  We  have  all 
along  seen  the  disadvantage  of  using  the  Bouguer's  two- 
screen  method,  since,  when  lights  are  examined  that  have 
passed  through  tissue  or  tracing-paper,  a  very  slight  change 
in  the  position  of  the  observer's  eye  makes  a  very  great  differ- 
ence in  the  apparent  illumination,  whereas,  using  Rumford's 
method,  when  a  sheet  of  white  blotting-paper  is  employed  as 
a  screen  very  considerable  changes  in  the  position  of  the  eye 
produce  no  change  in  the  apparent  illumination — a  restilt, 
however,  which  is  not  attainable  when  ordinary  drawing-paper 
is  used  as  the  screen.  If,  however,  Kumiord's  method  is  to 
be  used  to  measure  the  rays  coming  at  different  angles  from 
an  electric  light,  a  mirror  must  be  employed  to  reflect  them 
successively  onto  the  same  screen;  and  if  used  in  the  ordinary 
way,  the  angle  of  incidence  of  the  rays  on  the  mirror  will  be 
difierent  in  different  cases.  Xow  the  difficulty  that  always 
met  us  arose  from  the  inequality  of  the  reflecting-power  of  an 
ordinary  mirror  for  rays  falling  on  it  at  different  angles  of 
incidence.  We  have,  however,  completely  overcome  this  dif- 
ficulty in  an  extremely  simple  way,  by  causing  the  mirror  to 
turn  about  a  horizontal  axis  inclined  at  45°  to  its  plane,  and 
the  whole  photometer  to  turn  about  a  vertical  axis.  With  this 
arrangement  the  angle  of  incidence,  and  consequently  the 
proportional  absorption,  is  the  same  whatever  be  the  inclina- 
tion of  the  rays  coming  from  the  lamp  to  the  mirror ;  and, 
further,  the  angle  being  45°,  the  amount  of  rotation  of  the 
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mirror  about  its  horizontal  axis  necessary  to  enable  measure- 
ments to  be  made  of  rays  coming  at  any  angle,  after  measure- 
ments have  been  made  of  the  horizontal  beam,  is  exactly  equal 
to  the  inclination  of  the  beam  in  question. 

Using  Rumford's  method  in  this  latest  form  of  our  photo- 
meter, we  are  to  a  great  extent  indejiondent  of  the  presence  of 
other  sources  of  illumination  of  the  screen,  so  that  the  appa- 
ratus need  not  be  enclosed  in  a  box.  At  the  same  time,  how- 
ever, the  sensibility  of  the  test  is  much  increased  by  placing 
a  shade  to  prevent  the  electric  light  shining  directly  onto  the 
screen.  On  this  screen  of  blotting-paper,  B,  is  thrown  the 
shadow  of  a  black  rod.  A,  placed  in  front  of  it,  by  a  candle  in 
the  candle-holder,  D. 


Now  it  is  well  known  that  if  an  electric  light  is  also  allowed 
to  illuminate  this  screen,  and  to  throw  a  second  shadow  of  the 
rod  A  on  the  paper,  and  if  the  candle  is  adjusted  at  such  a 
distance  that  the  two  shadows  are  of  equal  intensity,  the 
strength  of  the  light  is  to  that  of  the  candle  in  the  ratio  of  the 
squares  of  their  distances  from  their  respective  shadows.  But 
instead  of  allowing  the  strong  light  to  pass  directly  to  the 
screen,  we  cause  it  to  pass  through  the  concave  lens  in  the 
sliding  wooden  frame  C.  A  pointer  on  this  slide  tells  the 
distance  of  the  lens  from  the  screen.  As  you  are  all  aware, 
the  weakening  of  light-intensity  produced  by  the  lens  enables 
us  to  leave  our  electric  lamp  within  a  few  feet  of  the  instru- 
ment. We  have  experimentally  found  that  there  is  no  appre- 
ciable loss  of  light  in  passing  through  the  lens.  The  candle 
slides  on  the  bar  J;  and  its  distance  from  its  shadow  is  shoAvn 
by  a  pointer  on  a  scale.  If/'  is  the  focal  length  of  the  lens, 
D  the  distance  of  the  electric  light  from  the  paper-screen,  d 
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the  distance  of  the  centre  of  the  lens  from  the  screen,  and  c  that 
of  the  candle  when  the  shadows  show  equal  illumination,  then, 
if  L  is  the  strength  of  the  examined  source  of  light  in  standard 
candles, 

or 

For  our  own  use  wo  prefer  to  employ  the  formula  ;  but  as  all 
the  common  instruments  Avhicli  have  hitherto  been  manufac- 
tured have  lenses  whose  focal  length  is  4  inches,  we  have  pre- 
pared a  table,  a  copy  of  which  is  sent  out  along  with  each 
instrument,  in  which  the  value  of  L  is  given  for  ^-arious 
values  of  D,  d,  and  e.  Using  this  tabic,  it  is  necessary  to 
have  the  lamp  at  either  60,  120,  or  300  inches  from  the  screen; 
the  candle  is  either  at  10,  14*14,  or  20  inches  from  the  screen; 
and  the  table  is  made  out  for  every  half  inch  of  the  lens-scale. 
But  inasmuch  as  we  find  that  the  improved  arrangement  of 
the  mirror  already  referred  to  constitutes  perhaps  the  most 
useful  part  of  the  instrument,  and  as  the  use  of  f  his  improve- 
ment involves  many  alterations  of  D,  the  manufacturer  pro- 
poses in  future  not  to  furnish  any  table  of  values  of  L  unless 
specially  asked  for. 

H  is  the  plane  silvered-glass  mirror  which  makes  the  angle 
of  45°  with  the  axis  of  the  lens,  and  with  the  axis  about  which 
the  mirror  itself  is  free  to  revolve.  As  already  explained,  a 
ray  of  light  reflected  from  the  mirror  and  passing  through  the 
centre  of  the  lens  must,  for  any  position  of  the  mirror,  have 
an  angle  of  incidence  of  45°,  and  so  must  experience  the  same 
amount  of  absorption,  from  whatever  direction  it  may  have 
come  to  the  mirror.  Further,  this  angle  being  45°,  a  fixed 
pointer  marks  on  the  graduated  circle  G,  which  moves  with 
the  mirror,  the  angle  which  any  ray  we  may  be  examining 
makes  with  the  horizontal. 

In  this  instrument  we  find  that  from  30  to  34  per  cent,  of 
the  incident  light  at  45°  is  absorbed,  whether  this  light  is  of 
ruby-red  or  signal-green  colour  ;  so  that  we  have  the  easy 
practical  rule  for  all  cases — add  one  half  to  the  measured 
intensity  of  light  reflected. 

We  need  not  here  refer  to  the  fact  that,  when  investigating 
the  efficiency  of  an  electric  lamp,  we  always  measure  the 
horse-power  given  electrically  to  the  lamp  simultaneously 
with  the  photometric  mor.surement. 

The  lamp  is  suspended  in  such  a  Avay  that  it  can  readily  be 
Fkil  Mag.  S.  5.  Vol.  14.  No.  85.  July  1882.  E 
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placed  at  any  elevation.     The  frame  of  the  tripod-stand  is  first 
levelled.     A  pin  at  F,  directly  underneath  the  centre  of  the 


mirror,  passes  through  the  base  of  the  photometer  and  fits  into 
a  hole  in  the  top  of  the  tripod-stand.  The  photometer,  by 
turning  round  this  pin,  can,  without  producing  any  change  in 
the  distance  of  the  centre  of  the  mirror  from  the  lamp,  and 
therefore  without  chanoino-  the  distance  from  the  screen  to 
the  lamp,  receive  the  small  horizontal  motion  necessary  for 
the  adjustment  of  a  new  inclination  of  the  rays  coming 
from  the  electric  light,  without  any  alteration  of  the  distance 
of  the  centre  of  the  mirror  from  the  lamp.  The  divided  circle 
is  clamped  with  the  index  at  0°;  the  lamp  is  lowered  or  raised 
till  the  illuminated  disk  formed  by  the  reflected  light,  passing 
afterwards  through  the  lens,  is  in  the  middle  of  the  paper 
screen.  A  little  sliding  shutter  wnth  a  fine  hole  in  its  centre, 
seen  in  the  figure,  enables  a  very  exact  adjustment  to  be  made; 
but  in  practice  we  find  that  we  get  sufficient  accuracy  without 
the  use  of  the  shutter.  We  now  measure  the  distance  from 
lam^J  to  centre  of  mirror  in  inches.  Equalizing  the  intensities 
of  the  two  shadows  by  adjusting  the  lens-slide  when  looking 
at  them  through  red  or  green  glass,  we  now  note  the  lens-  and 
candle-readings  ;  and  we  repeat  these  operations,  changing 
from  red  to  green  and  green  to  red  about  five  times  in  a  minute. 
The  lamp  is  now  raised  or  lowered  and  fixed  in  any  position  ; 
a  few  seconds  suffice  to  turn  the  jnirror  so  that  it  sends  its 
centre  ray  exactly  through  the  centre  of  the  lens.  The  dis- 
tance from  screen  to  mirror  in  this  instrument  being  2'1  inches, 
if  h  is  the  distance  from  centre  of  mirror  to  vertical  from  lamj). 
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and  it'  6  is  the  angle  of  elevation,  then 

D=22  +  Ssec6'. 

Using  this  A-alue  of  D  in  the  formula  above,  and  adding  one 
half  to  the  strength  of  the  light  to  make  up  for  absorption, 
the  true  intensitv  of  the  light  in  standard  candles  can  be 
ascertained.  We  find  in  practice  that,  if  an  electric  light  is 
moderately  steady,  ten  measurements  may  be  made,  with  some 
confidence  in  their  accuracy,  in  two  minutes  ;  and  the  light 
may  bo  measured  in  ten  different  positions,  from  an  angle  of 
depression  of  60°  to  an  angle  of  elevation  of  60°,  100  observa- 
tions being  taken,  in  less  than  half  an  hour. 

We  may  mention  one  very  important  result  we  have  been 
led  to  by  the  systematic  employment  of  a  photometer  which 
can  be  used  close  to  the  electric  light ;  and  that  is  the  large 
amount  of  absorption  that  occurs  on  certain  days  when  the 
rays  from  strong  electric  lights,  and  especially  the  green  rays, 
pass  through  the  air  which  appears  to  the  eye  perfectly  clear. 
At  first  we  were  inclined  to  think  the  higher  results  for  the 
candle-power  of  a  lamp  obtained  Avith  our  dispersion-photo- 
meter than  those  obtained  with  an  ordinary  distance-photo- 
meter were  due  to  some  error  in  our  photometer  itself ;  but 
Ave  have  since  ascertained  that  this  is  due  to  the  absorption  of 
the  air — because  we  find  that,  if  simultaneous  measurements 
are  made  with  ordinary  Rumford's  photometers,  each  without 
lens  or  mirror,  placed  at  different  distances  from  the  lamp  in 
the  same  azimuth  and  in  the  same  horizontal  plane,  the  nearer 
one  gives,  as  a  rule,  the  highest  readings  ;  and  the  difference 
is  the  greater  the  stronger  the  light,  and  is  greater  if  the  light 
be  examined  at  each  photometer  Avith  green  glass. 

V.  On  the  Connexion  between  Viscosity  and  Density  in  Fluids, 
especially  Gaseous  Fluids.  By  E.  Warburg  and  L.  \. 
Babo  *. 

THE  hiAvs  according  to  Avhich  the  elasticity  and  viscosity  of 
a  body  are  connected  Avith  its  density  are  of  great  sim- 
plicity in  the  case  of  gaseous  bodies.  The  elasticity  of  these, 
/.  e.  the  reciprocal  of  their  compressibility,  is  giAcn,  according 
to  Boyle  and  Mariotte's  laAv,  by  the  pressure,  and  is  propor- 
tional to  the  density;  the  viscosity,  measured  by  the  coefficient 
of  friction,  is,  according  to  MaxAvelFs  laAv.  independent  of  the 
density. 

It  is  knoAvn  that  the  first  of  these  laAVs,  that  which  refers  to 

*  Translated  from  the  Sitzuugsheriehfc  der  K.  Prcuss.  Akademie  dev 
Wisscnschoftvn  zu  Berlin,  May  4,  1882,  pp.  o09-ol4. 
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elasticitvj  holds  only  iipproximately,  and  even  that  only  at 
moderate  degrees  of  density:  at  higher  densities,  according 
to  the  investigations  of  Xatterer,  Andre^-s,  Cailletet.  and 
others,  the  connexion  between  elasticity  and  density  is  not 
even  approximately  given  by  Boyle's  law,  but  is  apparently 
more  complicated.  It  can,  however,  according  to  van  der 
Waals  *.  be  explained  from  the  kinetic  theory  of  gases,  if  the 
volume  of  the  molecules  and  the  attraction  between  them  be 
taken  into  account. 

Corresponding  investigations  in  relation  to  the  viscosity  of 
gases  have  hitherto  been  carried  out  only  so  far  as  Kundt  and 
one  of  us  t  have  studied  the  deviations  of  Maxwell's  law  at 
very  slight  densities.  For  higher  decrees  of  densitv  the  con- 
nexiou  between  viscosity  and  density  has  not  yet  been  inves- 
tigated. For  the  solution  of  this  problem  (treated  in  the  pre- 
sent paper  for  one  substance,  viz.  carbonic  acid)  the  corre- 
sponding "salues  at  constant  temperatures  of  the  coeliicient  of 
friction,  the  density,  and,  for  many  reasons,  tlie  pressure  must 
be  determined. 

We  employ  as  the  measure  of  the  pressure  the  inverse 
value  of  the  volume  of  a  mass  of  nitrogen  at  constant  tempe- 
rature of  the  apartment,  the  volume  of  that  mass  at  the  pres- 
sure of  one  atmosphere  being  put  =  1 .  To  measure  the  pres- 
sure accordino-  to  this  definition  a  nitroiicn-manometer  was 
employed,  which  was  always  attached  to  the  princi]jal  appa- 
ratus, and  permitted  pressures  between  30  and  120  atmo- 
spheres to  be  evaluated. 

The  density  of  the  substance  heated  above  the  critical  tem- 
perature we  determined  by  a  A'olumetric  measurement  of  the 
carbonic  acid,  which  at  each  transition  from  a  greater  to  a 
less  density  was  liberated  from  our  apparatus,  the  volume  of 
A\hich  Avas  known  to  us  ;  the  density  of  the  mass  in  the  appa- 
ratu>  after  the  conclusion  of  a  series  of  experiments  we  calcu- 
lated from  the  pressure,  which  then  amounted  to  about  oO 
atmospheres,  by  Clausius's  formula  J,  which  at  so  small  a 
pressure  is  sufficiently  accordant  with  the  observations.  At 
the  temperature  32'^*6  our  experiments  comprise  the  interval 
of  densities  between  O'l  and  0"b. 

For  the  determination  of  the  friction-coefficient  we  em- 
ployed the  method  of  flow  through  capillary  tubes.  The 
capillary,  placed  vertical,  ended  below  in  a  measuring-tul)e 
Avhich  dip])ed  in  mercury,  above  in  a  space  A,  ANliich  could 
from  time  to  time  be  shut  off  from  the  rest  of  the  space  by  a 
cock,  and  in  Avhicli  a  diminution  of  pressure  could  then  be 

*  Dissertation  :  Leydeu,  1873.        t  Berlin  Monatsherichfe,  1875,  p.lOO. 
X  ^Vicdemann's  Annak/i,  ix.  p.  348. 
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produced  by  discharging  carbonic  acid.  After  the  mercurv 
had  been  thereby  raised  in  the  measuring-tube,  the  spaces  A 
and  B  were  again  put  into  coninmnication.  From  the  time 
occupied  by  the  mercury  in  the  measuring-tube  in  descend- 
ing from  one  mark  to  another,  the  coefficient  of  friction  was 
calculated  by  means  of  the  constants  of  the  apparatus. 

Three  capillaries  were  employed,  from  G  to  7  centim.  in 
length,  and  of  which  the  radii  amounted  to  0-005162, 0-003G01, 
and  0-002847  centim.  The  validity  of  Poiseuille's  law  was 
controlled  ;  but  an  equation  cannot  he  deduced  from  the  expe- 
riments. 

The  results  obtained  are  contained  in  the  following  Table, 
in  which  /  tlenotes  the  temperature  measured  by  the  air-ther- 
mometer, .V  and  ^l  the  density  and  the  friction-coefficient  in 
rlie  grannne-centimetre-second  system,  and  p  the  pressure  in 
the  measure  above-mentioned;  A,  is  the  air-content  of  the  sub- 
stance, in  parts  of  a  volume,  as  given  by  analysis.  The  den- 
sity of  the  liquid  carbonic  acid  is  taken  from  Andreef's  expe- 
riments*. 


t  =32°-6. 

f  =40°-3. 

s. 

A=000074. 

X= 0-00085. 

p.         !  M-IO". 

P- 

M.10«. 

0-800 

107-3  !   677 

0-730 

88-5  '•       574 

114-6 

580 

0-660 

80-7 

493 

101-6 

499 

0-590 

7S-2 

414 

94-9 

426 

0-520 

77-6 

351 

91-7 

366 

0-450 

77-2 

304 

89-2 

316 

0-380 

76-6  :   270 

86-8 

275 

0-310 

74-6     239 

82-7 

243 

0-240 

69-9     213 

75-9 

218 

0-170 

60-3   '   188 

64-3 

196 

0-100 

431 

1 

45-3 

180 

?■  =2.5^-1 
X  =  000044. 

i 

P- 

,*}, 

fi .  10« 

105 
95 

85 

0-896 
0-875 
0-858 
0-827 
0-809 

800 
741 
703 
665 
628 

1 

\ 


*  Annalen  der  C'hemie  unci  Pharmacie,  lj859,  ex.  p,  1. 
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The  figure  gives  a  graphic  representation  of  the  results — 
namely,  the  isotherms  *  of  viscosity  and  tension,  the  latter  in 
dotted  lines,  noted  according  to  the  Table. 

Andreef's  values  of  the  pressure  t  exceed  ours  but  little — 
at  32°*6,  on  an  average,  about  one  atmosphere.  This  may 
arise  from  the  air-content  of  the  carbonic  acid  being  in 
Andreef's  experiments  somewhat  less  than  in  ours.  The 
values  of  2)  calculated  by  Clausius's  formula,  however,  are  not 
inconsiderably  higher  than  those  observed  by  us :  the  differ- 
ences  increase  with  the  density,  and  reach  the  value  of  10-12 
atmospheres.     On  account  of  the  agreement  of  our  results 

*  "We  thus  name  lines  the  abscissae  of  which  are  proportional  to  the 
densities,  and  the  ordinates  to  the  frictiou-coefhcients  and  pressures  respec- 
tively. 

t  Pogg.  Ann,  Erg.  Bd.  v.  p.  79. 
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with  those  of  Andreef,  found  by  a  quite  different  method,  it  is 
not  likely  that  the  differences  are  due  to  errors  of  observation, 
liespoctino-  the  viscosity,  especially  its  connexion  with  the 
density,  the  results  are  as  follows  : — 

I.  Above  the  critical  temperature,  Gaseous  Carbonic  Acid. 
1.  To  the  maximum  of  compressibility  ( — —),  i,  e.  to  the 


\ 


(    d  >\  ^^ 

minimum  of  elasticity  (  s  y-  ] ,  given  by  observation  corresponds 

no  minimum  of  -s-iseosity,  which  much  rather  increases  in  a 
constantly  increasing  ratio  with  increasing  density. 

{jy:  ^^^  ~T.2  ^^'*^  always  positive.) 

2.  At  the  density  O'l,  about  oOO  times  the  normal,  the 
coefHcient  of  friction  exceeds  the  normal  (0'000165  for  40°'3) 
by  only  about  9  per  cent,  of  the  latter. 

3.  At  the  temperatures  32°-6  and  40°"3  the  substance  shows, 
at  equal  density,  slightly  different  values  of  /j,,  very  different 
values  of  p.  According  to  this  the  viscosity  appears  to  be 
much  more  simply  connected  with  the  density  than  with  the 
pressure. 

4.  The  influence  of  the  temperature  upon  the  viscosity,  at 
constant  density,  is  so  small  that  it  cannot  be  inferred  with 
perfect  certainty  from  observations  embracing  a  temperature- 
interval  of  only  8°.  Since,  however,  the  isotherm  for  40°*3 
runs  entirely  above  that  corresponding  to  32°" 6,  the  viscosity 
appears  to  increase  slowly  with  the  temperature  when  the 
pressure  is  constant. 

II.  Liquid  Carbonic  Acid. 

5.  Liquid  carbonic  acid  showed  far  less  viscosity  than  any 
other  liquid  hitherto  examined.  The  friction-coefficient  of 
water,  for  example,  at  15°  is  14"G  times  that  of  liquid  carbonic 
acid  under  the  pressure  of  its  saturated  vapour.  Even  the 
appearance  of  liquid  carbonic  acid  enclosed  in  a  glass  tube 
which  is  shaken  excites  the  supposition  that  this  substance 
possesses  very  little  viscosity. 

().  The  viscosity  of  liquid  carbonic  acid  at  the  temperature 
of  25°'l  increases  with  the  deusitv.  Bv  further  extending; 
this  investigation,  and  especially  to  other  liquids  also,  we  pur- 
pose to  ascertain  the  influence  of  temperature  upon  the  visco- 
sity of  liquids  at  constant  density — that  is,  the  specific  influ- 
ence of  temperature. 

7.  At  densities  in  the  vicinity  of  0"8  the  isotherm  correspond- 
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ing  to  25°*1  nms  below  both  that  corresponding  to  32°'6  and 
those  corresponding  to  15°  and  20°.  From  this  follows  that 
carbonic  acid  of  such  density,  heated  from  15°  upAvard,  must 
show  a  minimum  of  viscosity  between  20°  and  32°'6. 

Poisson*  has  given  a  theory  of  liquid-friction  which  starts 
from  the  representation  that,  with  respect  to  a  system  of 
simultaneous  impacts,  a  liquid  behaves,  at  the  first  moment 
after  the  expiration  of  them,  like  an  isotropic  solid  body. 
Hence  we  can  speak  of  the  constants  of  instantaneous  elas- 
ticity of  a  liquid.  For  the  coefficient  of  friction  in  Poisson's 
theory  we  get  the  expression 

where  K  is  the  coefficient  of  instantaneous  rigidityt,  and  T  a 
quantity  of  time  which  Maxwell  has  named  the  modulus  of  the 
relaxation-]ieriod.  For  an  ideal  gas,  Maxwell  finds:]:  IL—p. 
and  hence  T,  at  constant  temperature,  proportional  to  the  mean 
length  of  path. 

In  a  first  approximation  let  us  assume  that  T  still  has  this 
pi'operty  when  the  volume  of  the  molecules  and  the  attraction 
between  them  is  taken  into  account ;  then  we  get  for  yu.  a 
theoretical  expression  in  which  K  alone  remains  unknown — 
namely 

K    s^f        b.s\ 

where  for  the  temperature  to  which  fi  refers,  ^^  and  Sq  denote 
the  values  of  /a  and  s  for  the  pressure  P  of  one  atmosphere. 
A  is  the  normal  density  of  carbonic  acid,  and  h  van  der  Waal's 
constant,  namely  four  times  the  molecular  volume,  the  volume 
of  the  substance  at  0°  and  the  pressure  of  one  atmosphere 
being  taken  as  the  unit  of  volume.  The  equation  holds  so 
long  as  s<'2b — that  is,  for  carbonic  acid,  approximately  as 
long  as  s  <  0'4. 

According  to  this  equation,  the  occupation  of  space  by  the 
molecules  j^roduces  a  diminution  of  friction  with  increasing 
density,  and  consequently  the  opposite  deviation  from  Max- 
well's law  to  that  produced  by  the  attraction  between  the 
molecules.  From  the  same  equation,  according  to  our  expe- 
riments, for  carbonic  acid  of  density  0'38  at  32°*6,  K  comes 
to  7*2  kilograms  upon  the  square  millimetre — that  is,  about 
3^-,y  of  its  amount  for  glass,  and  somewhat  more  than  for 
tallow§. 

*  Journal  de  VEcole  PoJytechnique,  1831,  t.  xiii.  p.  131). 
t  In  KirchLofF's  notation  {Vorksunqeii,  p.  400). 
t  riiil-  Mag.  [4]  XXXV.  p.  211  (1808). 
§  Pogg.  Ann.  cxxxvi.  p.  295  (1809). 
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VI.  JS^otes  on  Thermometvy.     By  F.  D.  Brown,  B.Sc, 
Demonstrator  of  Chemistry  at  the  University  Museum,  Oxford*. 

[Plate  ir.] 

SOME  yecirs  ago,  when  I  determined  to  try  and  find  out 
something  about  the  attractive  forces  whicli  the  atoms 
and  molecules  seem  to  possess,  by  studying  the  effects  of  heat 
upon  chemical  substances  and  upon  mixtures  of  such  sub- 
stances, I  was  led  to  the  conviction  that,  if  the  work  which  I 
proposed  to  do  was  to  be  of  any  permanent  use,  I  should  be 
obliged  to  take  many  and  minute  precautions  regarding  the 
measurement  of  temperatures — a  measurement  which,  owing 
to  the  peculiarities  of  mercurial  and  other  thermometers,  is  so 
liable  to  error.  In  order  to  learn  how  best  to  use  my  thermo- 
meters, and  how  to  refer  their  readings  to  a  satisfactory 
standard,  I  made  a  considerable  number  of  experiments.  At 
the  time  when  these  experiments  were  made  I  imagined  that 
the  subject  of  thermometry,  although  presenting  many  diffi- 
culties to  my  mind,  had  been  thoroughly  worked  out  by 
others,  and  therefore  that  a  printed  record  of  my  observations 
would  be  generally  deemed  to  be  of  little  utility.  The  recent 
publication  of  a  paper  by  Dr.  E.  J.  Mills  (Edin.  Roy.  Soc. 
Trans.  1880),  of  one  by  Professors  T.  E.  Thorpe  and  liiicker 
(Phil.  Mag.  [5]  xii.  p.  1),  and  more  especially  of  a  report  by 
M.  Pernet  (Mem.  et  Travaxuv  du  Bur.  inter,  des  j^oids  et  mes. 
i.  1881,  pp.  1-52),  has  led  me  to  change  my  opinion,  and  to 
think  that  there  still  remain  many  points  connected  with 
thermometers  about  which  not  only  I,  but  others  also,  would 
be  glad  to  have  more  certain  information.  Acting  upon  this 
belief,  I  have  put  together  in  the  following  pages  some  of  the 
results  of  my  experiments. 

The  Mercurial  Thermometer  as  a  Standard. 

I  was  soon  convinced  that  any  attempt  to  express  tempera- 
tures in  degrees  of  an  ideal  absolute  thermometer,  or  even  to 
refer  them  correctly  to  the  readings  of  an  air-thermometer, 
would  involve  a  most  extensive  and  wearisome  investigation, 
which  would  postpone  indefinitely  the  work  I  wished  to  do. 
To  avoid  this  substitution  of  the  means  for  the  end,  I  decided 
to  construct  a  mercurial  thermometer  and  to  use  it  as  a  stan- 
dard, keeping  it  until  such  time  as  the  progress  of  our  know- 
ledge should  render  its  comparison  with  the  air-thermometer 
a  matter  of  less  difficulty. 

As  a  mercurial  thermometer  is  very  liable  to  be  broken,  I 
first  wanted  to  know  whether  this  instrument  fulfilled  the 
primary  condition  of  a  true  standard,  of  being  capable  of 
*  Communicated  by  the  Physical  Society. 
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i-eproduction  when  lost  or  destroyed.  With  tliis  end  in  view, 
I  made  two  thermometers  at  different  times,  and  wholly 
independently  one  of  the  other,  and  compared  their  readings. 
To  those  who  may  wish  at  any  time  to  construct  a  mercurial 
thermometer  without  the  elaborate  appliances  ordinarily  em- 
])loyed,  Ijut  in  which  absolute  confidence  may  be  placed,  the 
following-  details  may  be  of  interest: — 

A  capillary  tube  of  medium  bore,  about  800  millimetres 
lonor,  free  from  all  flaws,  and  having  as  uniform  a  section  as 
possible,  is  provided  with  a  millimetre-scale  of  GOO  divisions. 
The  etching  of  this  scale  is  a  matter  of  great  consequence  :  it 
very  frequently  happens  that  the  divisions  on  glass  tubes  are 
not  of  exactly  equal  length,  hut  that,  owing  to  some  defect  in 
the  dividiuii'-eno-ine  or  some  movement  of  the  tube  while  un- 
dergoing  the  process  of  division,  some  of  the  divisions  are  so 
much  longer  or  shorter  than  the  rest  as  seriously  to  interfere 
with  the  subsequent  process  of  calibration.  Even  when  all 
the  lines  are  equidistant,  they  are  often  so  thick,  and  present 
so  irregular  an  outline  when  viewed  through  a  telescope,  that 
it  is  impossible  to  fix  upon  any  particular  point  as  that  repre- 
sented by  the  dividing-line.  The  tubes  I  employed  were 
selected  and  divided  with  special  care  by  Mr.  Casella,  the 
lines  being  perfectly  straight,  less  than  0'4  millim.  in  thickness^ 
and  in  all  cases  equidistant. 

As  a  glass  tube,  however  carefully  selected,  is  never  of 
uniform  bore,  it  is  necessary  to  ascertain  the  relative  capacities 
of  the  several  divisions  of  the  tube,  or,  in  other  words,  to 
'•  calibrate  "  it.  As  is  well  known,  this  is  easily  done  by 
placing  a  thread  of  mercuiy  in  successive  positions  along  the 
tube  and  observing  its  length,  the  mean  capacity  of  the  divi- 
sions occupied  by  the  thread  being,  of  course,  inversely  pro- 
portional to  that  length.  In  this  way,  and  by  adopting  the 
plan  of  correcting  the  position  of  the  thread  suggested  by 
Dr.  Mills  in  the  paper  above  referred  to,  which  plan  he  had 
been  kind  enough  previously  to  communicate  to  me  privately, 
a  table  is  readily  constructed  showing  the  volume  of  the  tube 
from  the  line  marked  0  to  any  line  marked  n,  and  also  the 
value  of  the  succeeding  division.  The  only  difliculty  connected 
with  this  process  is  the  accurate  measurement  of  the  length  of 
the  thread  of  mercury  in  its  several  positions.  It  is  true  that 
this  may  easily  be  done  with  a  dividing-engine  or  some  similar 
instrunient,  such  as  a  cathetometer  provided  with  a  micrometer 
eyepiece  and  placed  horizontally.  As,  however,  i-eliable  instru- 
ments of  this  class  are  exceedingly  costly,  1  designed  a  small 
piece  of  apparatus  for  the  purpose,  which  has  proved  so  con- 
venient and  useful  that  I  venture  to  describe  it  here. 
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A  maliogany  board,  B  B  (PI.  II.  fig.  1),  about  18  inches  long 
and  4  inches  wide,  is  provided  with  a  groove,  Gr  CI,  of  the  shape 
shown  in  the  section  (fig.  1  a)  ;  a  piece  of  gun-metal,  about 
5  inches  long  and  ^  inch  thick,  slides  in  this  groove  with  some 
little  difficulty — the  friction,  which  is  produced  by  the  spring 
_//',  being  necessary  to  retain  the  plate  rigidly  in  any  given 
position.  The  plate,  D,  is  provided  with  a  slot,  e  e,  and  a  milli- 
metre-scale, S  S,  the  dividing  lines  of  which  must,  like  those  of 
the  tube  to  be  calibrated,  be  very  fine  and  truly  equidistant.  The 
jnece  of  gun-metal,  E,  which  is  provided  with  a  vernier,  carries 
the  reading-microscope,  M,  and  can  be  moved  along  S  >S  by 
means  of  the  rack  and  pinion  p  ;  the  movement  is  rendered 
smooth  and  free  from  lateral  displacement  by  the  spring  c,  which 
causes  the  ends  of  E  to  remain  always  in  contact  with  the 
straight  edge  of  the  slot.  The  thermometer-tube  is  fixed  with 
suitable  screws  under  the  path  of  the  microscope,  so  that  the 
length  of  a  thread  of  mercury  can  be  easily  measured  by 
placing  the  microscope  so  that  its  cross  wire  coincides  first 
with  one  end  of  the  thread  and  then  with  the  other,  and  noting 
on  the  scale  the  distance  between  the  two  positions. 

The  millimetres  of  the  l)rass  scale  and  those  of  the  tube,  if 
marked  off  by  different  makers,  will  often  differ  a  little  in 
length  ;  hence  it  is  generally  more  satisfactory  to  obtain  from 
the  glass  scale  the  number  of  whole  divisions  occupied  by  the 
thread,  and  to  measure  the  terminal  fractions  only  by  the 
microscope. 

Since  the  line  on  the  outside  of  the  tube  is  nearer  the  eye 
than  the  thread  of  mercurj^  inside  the  tube,  it  is  clear  that 
when  the  microscope  is  adjusted  to  view  the  end  of  the  thread, 
and  is  then  moved  along  until  the  cross  wire  coincides  with 
the  nearest  line,  this  last  will  be  out  of  focus,  and  either  the 
whole  microscope  must  be  raised  up  or  the  distance  between 
the  object-glass  and  eyepiece  altered.  Now,  unless  the  in- 
strument be  constructed  with  great  solidity,  and  much  care 
be  taken  to  fit  accurately  all  the  moving  parts,  this  adjustment 
will  probably  alter  the  position  of  the  optical  axis,  and  so 
render  the  measurements  inaccurate.  To  avoid  this  diffi- 
culty, I  added  a  half-lens,  L,  fitted  in  the  ordinary  way  on 
a  brass  tube  sliding  on  the  end  of  the  microscope.  This 
lens  of  course  brings  the  focus  of  half  the  field  nearer  the 
object-glass  ;  so  that,  by  properly  adjusting  it,  the  divisions 
are  seen  through  the  half-lens  at  the  same  time  that  the 
mercury  is  observed  through  the  unprotected  part  of  the 
object-glass.  In  this  way  all  disturbance  of  the  microscope 
is  avoided  throughout  the  calibration,  which  is  thus  carried 
out  with  much  greater  comfort  and  accuracy. 
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Tu'O  tubes  were  calibrated  with  this  apparatus,  and  tables 
ot  their  volunies  from  the  first  division  compiled  ;  they  Avere 
then  furnished  with  bulbs,  filled  with  mercury,  and  sealed 
up  in  such  a  manner  that  they  formed  thermometers  capable 
of  indicating  temperatures  between  (3°  and  150°  C.  The 
fixed  points  of  the  two  thermometers  having  been  determined 
with  tlie  precautions  indicated  below,  tables  showing  the 
temperatures  corresponding  to  the  readings  of  the  scale  were 
made  in  the  usual  manner  ;  the  two  instruments  were  then 
compared  together,  either  in  a  large  tank  of  water  which  was 
kept  well  stirred,  or  in  the  steam-apparatus  which  I  de- 
scribed to  the  Physical  Society  at  the  time  when  these  expe- 
riments were  made.  Before  a  series  of  readings  were  taken, 
both  thermometers  were  heated  for  at  least  half  an  hour  in 
steam,  while  their  zero-points  were  observed  after  the  series 
was  completed.  The  numbers  given  in  the  following  table 
show  that  the  two  thermometers  gave  practically  identical 
readings.  It  would  seem,  therefore,  that  the  mercurial  ther- 
mometer, when  carefully  made  and  systematically  heated,  does 
really  possess  that  valuable  property  of  a  standard,  of  being 
capable  of  exact  reproduction. 


Reading  of  AS, 

Eeading  of  BS, 

Corresponding 

Corresponding 

corrected  for 

corrected  for 

value  of  AS, 

value  of  BS, 

Difference. 

index-error. 

index-error. 

in  degrees. 

in  degrees. 

58-55 

70-64 

14-30 

14-29 

-•01 

134-33 

150-11 

33-69 

33-71 

-1--02 

179-69 

197-20 

45-29 

45-30 

+  -01 

■     321-97 

345-96 

81-88 

81-88 

•00 

23-42 

33-74 

5-28 

5-28 

-00 

26-33 

36-83 

6-03 

604 

+  •01 

30-07 

40-63 

6-99 

6-97 

--02 

33-76 

44-57 

7-94 

7-93 

--(»1 

43-32 

54-70 

10-40 

10-40 

•00 

47-98 

59-60 

11-59 

11-59 

-00 

69-42 

82-13 

17-09 

1709 

-00 

91-61 

105-52 

22-78 

22-79 

1 

+•01 

Determination  of  the  Zero-point. 

In  most  l)ooks  on  physics  it  is  stated  that,  in  order  to 
obtain  the  zero-point  of  a  thermometer,  the  instrument  should 
be  placed  in  a  vessel  filled  Avitli  broken  ice  and  provided  with 
holes  at  the  bottom,  through  which  the  watei-  formed  by  the 
melting  of  the  ice  may  escape.  In  order  to  learn  whether 
this  method  is  the  best  possible,  the  following  experiments 
were  made: — A  number  of  tin  pots,  about  7  inches  high  and 
4  inches  in  diameter,  were  obtained,  and  holes  made  in  the 
bottoms  of  two  or  three  of  them.     A  large  block  of  ice  was 
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broken  np  into  small  fragments,  which  were  well  mixed  up. 
so  as  to  render  the  whole  perfectly  uniform  in  character. 
One  of  the  tin  pots,  which  we  will  call  A,  was  tilled  with 
some  of  this  ice,  which  had  been  washed  in  a  funnel  with 
ordinary  water  ;  A  was  then  filled  up  with  water,  so  as  to 
form  a  mixture  in  which  the  ice  largely  predominated.  A 
second  tin,  B,  was  tilled  with  some  more  of  the  ice,  which 
had  been  washed  with  ordinary  Avater  in  the  same  way;  B, 
howeyer,  had  holes  at  the  bottom,  and  the  water  formed  by  the 
fusion  of  the  ice  thus  drained  away.  A  third  tin,  C,  contained 
some  of  the  same  ice,  which  had  been  washed  in  a  funnel  with 
distilled  water,  and  then  mixed  with  distilled  water  in  the 
same  way  as  in  A  the  ice  was  mixed  with  ordinary  water. 
In  a  fourth  tin,  U,  which  was  proyided  with  holes,  some  ice 
was  placed  which  had  been  washed  with  distilled  water. 
Finally  a  cjuantity  of  distilled  water  was  artiticially  frozen, 
the  ice  broken  up  into  small  pieces,  Avashed,  and  mixed  with 
distilled  water  in  a  fifth  tin,  E.  A  thermometer  with  a  long 
narrow  bull),  and  -with  a  stem  diyided  into  inillimetres,  Avas 
carefully  inserted  into  each  tin  in  succession,  and  readings 
taken  Ayith  a  cathetometer.  About  17  millim.  of  the  scale 
were  equiyaleut  to  one  degree  Centigrade.  In  A  the  readings 
soon  became  constant  at  1°'00  ;  in  B  the  readings  yaried  con- 
siderably for  about  half  an  hour,  but  finally  became  constant 
at  1°"12  ;  in  C  the  thermometer  became  rapidly  constant  at 
1°*16  ;  in  D  the  readings  became  constant  after  a  short  time 
at  1°'06  ;  in  E  the  readings  did  not  vary  after  the  first  four 
or  fiye  minutes,  remaining  at  0°'(il. 

At  the  end  of  these  obseryations,  Avhich  occupied  nearly  two 
hours,  the  thermometer  was  replaced  in  A,  where  the  mercury 
rapidly  assumed  the  same  position  as  before,  yiz.  1°*00.  Seeing 
that,  Avith  the  excejition  of  E,  the  greatest  difference  in  the 
readings  docs  not  amount  to  0°'01  C,  Aye  may  fairly  draAv  the 
folloAving  conclusions: — First,  that  a  constant  temperature  is 
more  rapidly  and  certainly  obtained  AA'ith  a  mixture  of  ice  and 
Avater  than  Avith  ice  alone  ;  secondly,  that  the  temperature 
thus  obtained  is  really  that  of  melting  ice  ;  thirdly,  that  it  is 
preferable  to  Avash  and  mix  the  ice  Avitli  distilled  Avater, 
ordinary  Avater  tending  to  loAver  the  temperature,  though  to  an 
insiiinificant  extent. 

With  the  yicAy  of  seeing  Ayhether  different  yarieties  of  ice 
gaye  the  same  results,  tAvo  specimens  of  block  ice  and  one  of 
the  rough  thin  ice  collected  in  Avinter  near  London  Avere 
obtained,  AAdiile  tAvo  cylinders  of  distilled-AA'ater  ice  Avere  arti- 
ficially produced.  These  Avere  all  broken  up  separately  into 
small  pieces,  Avashed  Avith  distilled  Avater,  and  then  mixed  Avith 
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the  same  in  five  tins,  A,  B,  C,  D,  E.  The  thermometer  placed 
in  these  tins  marked  l°-30,  l°-34,  l°-26,  l°-30,  and  1°'27  re- 
spectively (these  numbers  are  not  comparable  with  the  former, 
as  the  experiments  Avere  made  a  month  or  so  later,  Avhen  the 
zero  of  the  thermometer  had  altered  its  position).  These  ex- 
periments showed  that  distilled-water  ice  gave  the  same  results 
as  ordinary  ice,  and  that  the  melting-point  of  different  speci- 
mens of  ice,  when  mixed  with  distilled  water,  was  the  same 
within  0°*0(>.")  C.  The  exceptionally  low  reading  obtained  with 
the  tin  E  in  the  first  series  of  experiments  was  probably  due 
to  the  fact  that  the  ice,  having  been  made  by  means  of  a 
freezing-mixture,  was  not  at  its  maximum  temperature. 

In  subsequent  determinations  of  the  zero  of  thermometers 
I  have  always  used  ordinary  block  ice,  washed  and  mixed  with 
sufficient  distilled  water  just  to  fill  up  the  spaces  between  the 
pieces,  and  liave  not  allowed  the  water  to  drain  away.  These 
results  are  in  accord  with  those  obtained  by  M.  Fernet. 

Zero-movements,  and  Suhstitntion  of  the  Determination  of  the 
Steam-point  for  that  of  the  Zei'o-iJoint. 

In  considering  the  well-worn  question  of  the  zero-move- 
ments of  thermometers,  it  is  important  to  distinguish  between 
its  practical  and  theoretical  aspects.  To  make  a  study  of  zero- 
movements  from  an  abstract  point  of  view,  to  find  out  equa- 
tions expressing  these  movements  under  different  circum- 
stances and  with  different  thermoineters,  to  learn  that  when  a 
certain  thermometer  has  been  subjected  to  a  certain  series  of 
temperatures  at  certain  intervals  of  time  its  indications  on 
next  changing  its  temperature  will  be  affected  with  a  certain 
index-error,  may  jwssibly  be  of  some  utility,  but  it  does  not  aid 
us  much  in  the  endeavour  to  free  the  readings  of  thermometei's 
from  the  errors  with  which  they  are  surrounded.  When  once 
we  have  acquired  the  information  that  a  thermometer  sub- 
jected only  to  those  changes  of  temperature  Avhich  are  due  to 
the  weather  exhibits  a  gradual  rise  of  zero,  that  the  rise  thus 
taking  place  in  a  given  time  diminishes  as  the  age  of  the  ther- 
mometer increases,  but  differs  for  different  thermometers,  when 
we  also  know  that  a  thermometer  subjected  to  a  high  tempe- 
rature after  a  considerable  period  of  rest  exhibits  a  decrease  in 
its  zero-reading,  dependent  on  the  thermometer  itself  and  also 
on  its  previous  history, — we  know  all,  or  nearly  all,  that  we 
can  put  to  practical  use. 

Thus,  for  example,  the  thermometer  attached  to  my  standard 
barometer  was  verified  at  Kew  Observatory  when  it  was  first 
supplied  to  me,  some  four  or  five  years  ago.  Since  then  I 
have  from  time  to  time  observed  its  reading  in  melting  ice, 
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and  have  modified  accordinoly  the  correction  to  be  applied  to  it. 
Xow,  no  observations  of  other  thermometers — no  curves  or 
equations  representing  their  zero-movements — could  be  of  any 
assistance  to  me  in  this  matter.  I  knew  that  the  zero  would 
probably  rise,  and  that  the  amount  of  the  rise  would  not  be 
the  same  in  my  case  as  in  that  of  others,  and  that,  therefore, 
I  nuist  obtain  the  index-error  experimentally.  1  also  knew 
that  if  I  boiled  the  thermometer  I  should  cause  irregular 
changes  in  the  position  of  the  zero;  and  as  there  was  no 
necessity  for  the  operation,  I  avoided  boiling  it.  But  if  by 
mischance  it  had  fallen  in  boiling  water,  no  equations  ropre- 
sentino-  the  zero-movements  of  other  thermometers  would  ha^e 
told  me  exactly  Avhat  had  happened  to  mine  ;  I  should  simply 
have  been  obliged  to  observe  its  index-error  more  frequently 
than  before  the  accident  happened. 

The  question  which  seems  to  me  to  be  of  the  greatest  impor- 
tance with  regard  to  zero-movements  is,  how  we  can  best 
reduce  the  trouble  which  they  cause  us.  In  the  case  of  all 
meteorological  and  clinical  thermometers,  where  the  changes  of 
temperature  are  small,  as  in  the  above  case,  it  is  evident  that  all 
we  can  or  need  do  is  to  protect  the  instrument  from  unnecessary 
changes  of  temperature.  When,  on  the  contrary,  our  obserAa- 
tions  extend  over  wide  ranges  of  temperature,  the  difficulties 
increase  considerably.  Suppose,  for  example,  that  I  want  to 
use  a  thermometer  to  indicate  accurately  a  series  of  tempe- 
ratures between  70°  and  1*0°.  It  is  obvious  that  if  I  observe  the 
index-error  beforehand,  and  apply  the  correction  thus  obtained 
to  my  readings,  1  shall  not  be  doing  right ;  for  the  very  heating 
of  the  thermometer  to  70°-D0°  will  have  altered  the  index- 
error.  But  if,  on  the  other  hand,  I  first  heat  the  thermometer 
to  100°,  then  ascertain  its  index-error,  then  make  my  experi- 
ments with  it,  and  tinally  observe  its  reading  in  ice  a  second 
time,  I  shall  be  tolerably  certain,  if  the  index-error  is  the  same 
at  the  end  as  at  the  beginning  of  the  experiment,  that  no 
variation  has  occurred  during  the  observations. 

In  most  laboratories,  however,  the  frequent  determination  of 
the  zero-point  of  a  thermometer  involves  a  considerable  expen- 
diture of  labour  :  ice  has  to  be  purchased,  broken  up  into  small 
pieces,  washed,  and  placed  in  a  suitable  vessel.  All  this 
requires  no  little  time,  and  has,  moreover,  to  be  repeated  at 
every  determination,  since  the  broken  ice  melts  away  in  the 
interval.  On  the  other  hand,  the  apparatus  for  the  observation 
of  the  steam-point  is  always  in  readiness ;  if,  therefore,  no 
greater  error  arises  when  the  index-error  is  determined  before 
and  after  the  experiments  by  means  of  the  steam-point,  a  great 
saving  of  time  will  be  effected,  without  any  corresponding  loss 
of  accuracy. 
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When  the  temperatures  to  whieli  the  thermometer  is  to  be 
exposed  are  greater  than  100'',  the  instrument  should  be  heated 
for  some  time  to  the  highest  probable  temperature  before  the 
steam-point  is  observed  for  the  first  time.  In  this  vray  the 
lowering  of  the  zero  which  takes  place  when  a  thermometer  is 
heated  from  100°  to  some  higher  temperature,  to  which  it  has 
not  been  exposed  for  some  time  previously,  is  effected  first  of 
all,  and  does  not  take  place  during  the  experiments,  as  it 
otherwise  would. 

The  only  objection  which  can  be  raised  to  this  method  is 
that,  when  some  at  least  of  the  temperatures  to  be  measured 
are  below  100°,  it  is  possible  that  the  stearn-point,  Avhich  is 
lowered  bv  the  first  heatino-  in  steam,  rises  aoain  durino;  the 
experiments  (that  is,  when  the  thermometer  is  at  a  lower 
temperature),  and  then,  by  the  second  heating  in  steam,  is 
again  brought  to  the  same  position  as  at  first.  In  this  way 
the  observations  in  steam,  although  concordant,  would  not 
give  the  true  index-correction  to  be  applied  to  the  readings. 
That  the  error  which  thus  arises  is  of  no  importance  is,  I 
think,  rendered  probable  by  the  following  considerations : — 
The  gradual  rise  of  the  zero  of  a  thermon^eter  receives  its 
most  natural  explanation  when  it  is  supposed  that  the  glass 
bulb,  after  having  been  heated  and  somewhat  quickly  cooled, 
is  in  a  state  of  strain  which  causes  it  to  have  a  larger  capacity 
than  it  -would  have  if  no  such  strain  existed.  As  time  goes 
on,  and  more  especially  as  the  thermometer  is  subjected  to 
small  fluctuations  of  temperature,  the  particles  of  the  glass 
gradually  yield  to  the  forces  which  are  acting  upon  them,  and 
take  up  new  and  more  suitable  positions.  These  molecular 
movements  result  in  a  gradual  diminution  of  the  capacity  of 
the  bulb,  and  consequently  in  a  rise  of  the  zero.  Now  it  is 
evident  that,  if  a  certain  state  of  strain  is  set  up  when  a  ther- 
mometer is  cooled  from  100°  to  0°,  Avhenit  is  cooled  from  100° 
to  some  intermediate  temperature  t  the  strain  set  up  will  be 
less  considerable  ;  there  will  therefore  be  a  greater  tendency 
for  the  zero  to  rise  when  the  thermometer  is  placed  in  melting 
ice  than  when  it  is  subjected  to  the  temperature  t.  Conse- 
quently, if  it  be  found  that,  Avhen  a  thermometer  after  being 
heated  in  steam  is  placed  in  ice,  no  change  of  the  zero  takes 
place  for  three  or  four  hours  afterwards,  we  may  legitimately 
conclude  that,  if  the  thermometer  were  maintained  for  the 
same  time  at  the  temperature  /,  no  movement  of  the  zero  would 
occur.  I  have  frequently  kept  recently-heated  thermometers 
in  melting  ice  for  several  hours,  renewing  the  ice  when  neces- 
sary; and  I  have  always  observed,  with  all  of  my  instruments, 
that  no  change  took  j)hice  for  the  first  three  hours,  aud  that 
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during  the  next  two  or  three  hours  the  rise  was  extremely 
small.  It  follows,  therefore,  that  if  in  anj  series  of  observa- 
tions lasting  more  than  three  hours  the  thermometer  be  heated 
in  steam  at  the  end  of  every  third  hour,  there  will  be  no  un- 
certainty as  to  the  position  of  the  zero;  that  if  the  experiments 
be  carried  on  continuously  for  six  hours,  a  slight  rise  of  the 
zero  may  occur  during  the  last  part  of  the  time,  but  that  this 
rise  will  not  amount  to  more  than  one  or  two  hundredths  of  a 
degree. 

Correction  for  the  Exposed  Portion  of  the  Thread. 

When  a  thermometer  is  only  partially  immersed  in  the 
medium  of  which  the  temperature  is  to  be  observed,  the 
readings  become  subject  to  an  error  which  arises  from  the 
fact  that  a  part  of  the  thread  of  mercury,  together  with  the 
corresponding  portion  of  the  stem,  are  at  a  temperature 
different  from  that  of  the  bulb  and  immersed  portion  of  the 
stem.  The  correction,  C,  usually  applied  in  this  case  is  given 
by  the  formula 

C  =  m(T-ON,       ......     (1) 

where  T  =  the  reading  of  the  thermometer, 

/  =  the  temperature  of  the  exposed  portion, 
X=the  number  of  exposed  divisions  of  the  stem  which 

are  filled  with  mercury, 
m=:the  apparent  expansion  of  mercury  in  glass. 

This  formula  is  founded  on  the  assumption  that  the  error  in 
the  reading  has  no  other  cause  than  the  comparatively  unex- 
panded  condition  of  a  portion  of  the  thread  and  stem. 

The  apparent  expansion  of  mercury  in  glass,  as  obtained 
from  Regnault's  experiments,  is  about  •0001545;  but  it  differs, 
of  course,  for  different  specimens  of  glass.  When  this  number 
is  employed  in  the  above  formula,  the  values  of  C  obtained  are 
generally  believed  to  be  too  large  ;  indeed  a  little  reflection 
will  convince  us  that  this  must  be  the  case  whenever  the  tem- 
perature of  the  exposed  portion  is  merely  measured  by  placing 
another  thermometer  with  its  bulb  halfway  up  it.  This  second 
thermometer  evidently  measures  the  temperature  of  the 
ascending  stream  of  warm  air  around  the  stem  ;  if  the  stem 
of  the  chief  thermometer  were  subjected  to  the  heating 
influence  of  this  stream,  and  to  no  other,  its  temperature 
would  be  rightly  given  by  the  subsidiary  thermometer  ;  but 
the  thermal  conduction  along  the  thread  of  mercury  and  along 
the  glass  stem  must  necessarily  raise  the  lower  part  of  the 
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exposed  stem  to  a  temperature  higher  than  that  indicated  by 
the  subsidiary  thermometer.  The  value  of  (T—t)  therefore  is 
too  great,  and  consequently  also  that  of  C. 

In  order  to  meet  this  difficulty,  Dr.  Mills,  instead  of  endea- 
vouring to  give  to  (T—t)  its  proper  value,  has  made  a  large 
number  of  experiments  with  different  thermometers  with  a 
view  to  assign  a  more  satisfactory  value  to  m,  and  has  thus 
been  led  to  draw  the  following  conclusions : — The  value 
•0001545  of  the  coefficient  m  is  invariably  too  great.  This 
coefficient  varies  with  the  thermometer  employed,  and  also 
with  the  number  of  divisions  of  the  thread  exposed  ;  so  that, 
instead  of  assigning  one  definite  value  to  m  for  each  thermo- 
meter, we  must  give  it  a  value 

where  a  and  /3  must  be  determined  for  each  thermometer. 

Professors  Thorpe  and  Eiicker,  on  the  other  hand,  while 
admitting  that  the  value  m= '0001545  may  be  generally  too 
large,  maintain  that  it  is  sufficient  to  replace  it  by  some  other 
single  number,  and  that  the  employment  of  the  varying  coeffi- 
cients a  +  /3X  is  unnecessary;  they  support  this  opinion  by 
showing  that  in  Dr.  Mills's  own  experiments  the  alterations  in 
the  value  of  C,  caused  by  the  introduction  of  the  term  /3N,  do 
not  amount  to  more  than  one  or  two  hundredths  of  a  degree, 
and  are  therefore  insignificant.  Dr.  Mills,  replying  to  this, 
states  that  the  change  in  the  correction  C  brought  about  by 
the  term  /SN  often  amounts  to  so  jnany  hundredths  of  a  degree 
that  it  cannot  be  neglected. 

Now  it  is  clear  that  by  merely  placing  a  second  thermometer 
halfway  up  the  exposed  thread,  only  the  roughest  idea  is  ob- 
tained of  the  real  temperature  of  the  thread.  Suppose,  for 
example,  that  T=100°,  and  that  t  is  taken  at  15°,  being  sub- 
ject to  an  error  of  5°  :  the  value  of  (T  —  t),  which  is  85,  will 
be  subject  to  an  error  of  5°,  or  about  6  per  cent.  What, 
therefore,  can  be  the  use  of  attempting  to  determine  the  coeffi- 
cient /3,  of  which  the  value  would  appear  ordinarily  to  be  about 
0*0000002,  when  so  great  a  source  of  error  is  left  unpi'ovided 
for? 

In  all  experiments  in  which  I  have  had  occasion  to  use 
mercurial  thermometers,  I  have  endeavoured  to  avoid  any  cor- 
rection for  the  exposed  thread,  by  making  the  apparatus  and 
thermometers  employed  of  such  relative  dimensions  that  the 
whole  thread  and  bulb,  except  the  topmost  division,  are  at  the 
same  tempei-ature.  When  this  is  impossible,  and  when  the 
experiments  require  such  extreme  accuracy,  it  seems  to  me  that 
the  first  thing  to  be  done  is  to  surround  the  exposed  portion  of 
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the  thread  with  a  current  of  running  water,  and  so,  while  pre- 
serving it  from  the  uncertain  effects  of  conduction,  radiation, 
&c.,  to  render  possible  the  observation  of  its  exact  tempei'ature. 
The  value  of  (T — i)  being  thus  correctly  measured,  that  of  m 
is  found  to  be  constant  for  all  values  of  N,  and  to  differ  but 
little  from  0*001545.  It  varies,  however,  with  different  ther- 
mometers. 

The  following  experiments  show  most  distinctly  the  truth 
of  this  statement: — 

One  of  the  standard  thermometers  mentioned  in  the  first 
section  of  this  communication  was  partially  surrounded  by  a 
glass  tube,  a  h  (fig.  2),  about  an  inch  in  diameter;  this  tube  was 
closed  at  the  bottom  with  a  piece  of  good  cork,  about  Smillim. 
thick,  through  which  the  stem  of  the  thermometer  passed.  The 
upper  end  of  the  tube  a  h  was  fitted  with  a  cork,  in  which  were 
four  holes — one  for  the  stem -of  the  chief  thermometer,  a  second 
for  a  thermometer  to  indicate  the  temperature  of  the  water 
contained  in  the  tube,  while  through  the  two  others  passed  the 
tubes  by  means  of  which  the  current  of  water  was  maintained. 
The  thermometer  thus  furnished  was  fixed  vertically  in  the 
ordinary    apparatus.   A,   for  determining    the   100°-point   of 
thermometers.     The   open  end  of  A  was  closed  with  a  thin 
disk  of  brass,  with  a  small  central  hole,  through  which  the 
thermometer  passed.     One  degree  was  equal  to  about  four 
divisions   of  the    millimetre-scale    of  the    thermometer,   the 
readings  of  which  were  observed  Avith  a  cathetometer,  and  the 
fractions  of  a  division  measured  with  that  instrument.     It  was 
found  that  the  readings  of  the  thermometer  under  these  con- 
ditions were  correct  to  "02  of  a  millimetre,  or  '005  of  a  degree. 
The  numbers  given  below  are  the  means  of  three  readings, 
which,  however,  were  nearly  always  identical.     The  thermo- 
meter in  the  water  was  graduated  to  fifths  of  a  degree,  and  had 
been  compared  with  the  standard. 

The  chief  thermometer  was  first  heated  in  the  steam  for  an 
hour,  with  two  or  three  inches  of  the  thread  above  the  cork  j 
it  was  then  pushed  down  until  the  quicksilver  was  only  just 
visible  above  the  cork,  and  the  reading  noted  ;  it  was  then 
pulled  up  again,  and  readings  taken  in  various  positions,  as 
given  in  the  following  table  ;  finally  the  thermometer  was 
again  pushed  down  as  far  as  possible,  and  the  reading  taken, 
when  it  was  found  to  be  the  same  as  before,  showing  that  no 
change  in  the  100°-point  had  supervened  during  the  experi- 
ment. Of  several  series  of  observations  made  in  this  manner, 
the  one  contained  in  the  following  table  will  suffice,  since 
they  all  led  to  precisely  the  same  result. 

F2 
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Reading  of  Standard  when  wliolly  immersed  =393-42. 
Barometric  pressure,  corrected  and  reduced,  =760"1. 
CorresjDonding  temperature  of  steam  =100°*00. 


Number  of 
divisions  sur- 
rounded by 
cold  water 
and  occupied 
by  mercury. 

Temperature 
of  water. 

Heading  of 

Standard, 

T. 

Value  of  0 
=393-42-T. 

Value  of  m, 
0 

~(T-ON' 

317 
277-5 
221 
173 
130 
79 

o 
130 
12-3 
12-0 
12-1 
121 
12-1 

389-01 
389-54 
390-30 
390-94 
391-58 
392-30 

4-41 
3-88 
3-12 
2-48 
1-84 
M2 

•0001599 
•0001594 
•0001604 
•0001631 
•0001610 
-0001612 

An  inspection  of  the  above  table  is  sufficient  to  convince  us 
that  the  value  of  m  is  constant,  and  equal  to  the  apparent  ex- 
pansion of  mercury  in  the  glass  of  which  the  thermometer  was 
made  ;  the  numbers  would  probably  have  agreed  even  more 
closely,  were  it  not  that  it  is  impossible  to  arrange  the  appa- 
ratus so  that  the  cold  portion  of  the  thermometer-stem  follows 
directly  upon  the  hot  portion.  There  must  always  be  an 
interval  occupied  by  the  cork,  the  temperature  of  which 
is  uncertain.  It  should  be  remarked  that  there  is  no  indication 
whatever  of  the  value  of  wi  increasing  when  that  of  N  increases. 

Precisely  the  same  results  were  obtained  with  the  second 
standard  thermometer,  as  is  shown  by  the  following  table; — 


{ 


Beading  of  Standard  BS,  when  wholly  immersed,  =419'21. 
Barometric  pressure,  corrected  and  reduced,  =760'5. 
Corresponding  temperature  of  steam  =  100°"02. 


Number  of 
divisions  sur- 
rounded by 
cold  water 
and  occupied 
by  mercury. 

Temperature 
of  water. 

Reading  of 

Standard  BS, 

=  T. 

Value  of  0, 
=419-21 -T. 

Value  of  m, 
C 

""  {T-t)^- 

302 
237 
174 
127 

12-0 
11-9 
12-0 
12-0 

415-13 
415-96 
416-84 
417-47 

4-08 
3-25 
2-37 

-0001535 
•0001556 
-0001548 
•0001557 

Here,  again,  the  value  of  m  varies  only  within  the  limits  of 


Mr.  F.  D.  Brown's  Notes  on  Thermometry.  69 

the  error  of  observation,  and  shows  no  tendency  to  increase 
when  N  increases.  It  may  be  noted  that  with  both  the  above 
thermometers  the  mean  value  of  m  is  greater  than  '0001545, 
the  value  usually  assigned  to  it,  but  that  it  differs  from  that 
number  by  so  little  that  the  error  committed  by  substituting 
the  one  for  the  other  in  the  calculation  of  the  correction  C  will 
rarely  amount  to  more  than  0°"02  C. 

The  above  experiments  were  made  at  100°,  because  this  is 
the  only  temperature  which  can  be  maintained  absolutely 
constant  for  an  hour  without  the  use  of  a  quantity  of  compli- 
cated apparatus  ;  and  it  is  evident  that  the  slightest  variation 
in  the  temperature  would  entirely  spoil  the  series  of  observa- 
tions. At  higher  temperatures  the  sources  of  error  which 
beset  the  readings  of  thermometers  increase  so  rapidly  that 
the  exact  value  of  the  coeiticient  m  becomes  of  less  and  less 
importance  as  the  temperature  rises,  notwithstanding  the 
fact  that  the  correction  C  increases  in  amount.  Since  there 
is  no  reason  whatever  to  suppose  that  any  different  results 
would  be  obtained  at  such  higher  temperatures,  I  thought 
it  unnecessary  to  make  any  further  experiments,  more  espe- 
cially as  those  given  above  yielded  precisely  those  numbers 
which  the  ordinary  laws  of  expansion  predicted. 

There  is  another  point  connected  with  thermometry,  to 
which  I  devoted  attention  some  years  ago.  It  has  been 
suggested  that  when  a  thermometer  is  placed  in  a  vapour  at 
maximum  tension,  as  in  the  ordinary  chemical  process  of  dis- 
tillation, it  does  not  truly  indicate  the  temperature  of  the 
vapour.  This  suggestion  owes  its  origin  to  the  fact  that  drops 
are  seen  to  accumulate  and  drop  off  the  end  of  the  thermometer. 
It  has  been  supposed  that  this  condensation  of  the  vapour  on  a 
surface  which  should  be  as  hot  itself,  is  due  to  the  molecular 
attraction  of  the  glass  for  the  vapour.  If  this  be  the  case,  the 
heat  evolved  by  the  vapour  during  liquefaction  on  the  thermo- 
meter-bulb would  raise  the  temperature  of  the  latter.  The 
thermometer  would  thus  indicate  a  higher  temperature  than 
that  of  the  mass  of  the  vapour.  The  experiments  which  I 
made  upon  this  subject,  like  those  instituted  by  others,  were 
inconclusive.  I  possess,  however,  an  apparatus  which  seems 
to  me  eminently  suited  to  answer  the  question  satisfactorily. 
It  is  at  present  being  employed  for  other  purposes  ;  but 
I  trust  that,  when  it  is  at  liberty,  I  shall  be  able  to  put  it  to 
this  not  unimj)ortant  use. 
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VII.  Notices  respecting  New  Books. 

Geological  and  Xatural-History  Survey  of  Canada.     By  Alpred  E. 

C.    Selwtx,    LL.D.,  F.R.S.,  Director.     Report   of  Progress  for 

1879-80.  Montreal :  Dawson  Brothers,  1881. 
'yilE  Geological  Survey  of  Canada,  under  the  direction  of 
-*-  Dr.  Selwvn,  appears  to  make  steady  progress.  This  volume 
refers  mainly  to  the  work  of  the  Geological  Corps  during  the 
season  1879-80,  which  embraced  further  explorations  in  parts 
of  the  Xorth-west  Territory  (the  Souris-Eiver  Coalfield),  Hudson's- 
Bay  basin,  Quebec,  Xew  Brunsoick,  Xova  Scotia,  and  the 
Magdalene  Islands,  as  well  as  the  results  of  the  survey  in 
1S79  by  Dr.  G.  M.  Dawson  of  a  portion  of  the  northern  part  of 
British  Columbia,  and  of  the  Peace-Eiver  country,  which  will  be 
found  to  embody  the  best  and  most  reliable  information  on  this 
vast  and  interestins:  rearion. 

The  other  Eeports  comprise  many  valuable  details  bearing  on 
the  physical  features,  geological  structure,  climatal  conditions, 
soils,  and  economical  minerals  of  the  different  provinces  explored, 
of  which  that  on  Hudson's  Bay  by  Dr.  Bell  (in  continuation  of 
the  survey  of  the  two  previous  vears)  is  very  interesting ;  for 
perhaps  coujparatively  few  people  have  any  adequate  conception  of 
the  extent  of  this  great  Canadian  sea,  which  is  the  central  basin  of 
the  drainage  of  Xorth  America.  Geologically  this  basin,  excluding 
the  A\^innipeg  division  (the  rocks  of  which  range  from  the  Lau- 
rentian  to  the  Tertiary),  lies  within  the  great  Laurentian  area  of 
the  Dominion  ;  resting  upon  these,  the  Cambro-Silurian  rocks 
form  an  irregular  border  along  the  south-western  side  of  the  bay; 
while  to  the  south  and  west  of  James'  Bay  these  latter  are  over- 
lain by  Devonian  rocks,  which  occupy  a  considerable  area.  The 
chains  of  islands  which  fringe  the  east  coast  to  the  northward  of 
Cape  Jones,  and  also  the  mainland  near  Eichmond  Gulf,  are  com- 
posed of  bedded  volcanic  and  unaltered  sedimentary  rocks,  which 
may  be  of  Lower-Cambrian  age  ;  on  the  western  side  the  quartzites 
and  other  rocks,  rather  largely  developed,  probably  belong  to  the 
Cambrian  system.  The  Eeporter  considers  that  few  of  the  varied 
and  numerous  resources  of  Hudson's  Bay  are  at  all  developed,  that 
the  fur-trade  and  oil  are  the  principal :  but  that  the  most  important 
of  the  undeveloped  resources  are  the  soil,  timber,  and  minerals,  and 
that  the  latter  may  become  in  future  the  greatest  of  the  resources 
of  the  shores  of  Hudson's  Bay.  The  concluding  part  contains  a 
very  suggestive  paper  (with  a  map)  on  the  northern  limits  of  the 
principal  Forest-trees  of  Canada.  In  the  Eeport  of  British 
Columbia,  Dr.  Dawson  also  gives  an  account  of  the  distribution 
of  the  more  important  forest-trees  of  that  province. 

The  geological  structure  of  Nortliern  Xew  Brunswick  and 
Eastern  Xova  Scotia  is  fully  described  in  the  respective  Eeports. 
The  Lignite  Tertiary  formation  in  the  Souris  valley  (Xorth-west 
Territory)  is  reported  on  by  Dr.  Selwyn,  \\ii\\  appendices  on  the 
nature  of  the  strata  and  their  plant-remains  by  Dr.  G.  M.  and 
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Principal  Dawson,  In  the  western  prairie-region  the  true  Car- 
boniferous system  is  not  the  coal-bearing  formation ;  and  although 
lignites  and  coals  are  known  at  several  different  stages  of  the  Cre- 
taceous rocks,  it  is  in  the  representative  of  the  Fort-Union  rocks 
of  the  U,-S.  geologists  that  the  most  extensive  and  numerous  beds 
of  lignite  of  the  Souris-River  region  occur,  and  constitute  the 
nearest  available  supply  for  the  province  of  Manitoba.  "  The 
flora  of  the  Great  Lignite  Tertiary  series  of  the  North-west, 
though  undoubtedly  similar  to  the  jMiocene  of  Europe,  really 
characterizes  the  beds  which  in  the  West  constitute  the  transition 
from  the  Cretaceous  to  the  Tertiary,  and  which  form  one  great 
continuous  series,  probably  on  the  horizon  of  the  Eocene  of 
Europe,  though  with  local  differences  which  are  liable  to  be 
mistaken  for  differences  of  age  "  (p.  55  A.) 

With  regard  to  the  origin  of  certain  granites,  Dr.  Seluyn  (p.  o), 
in  describing  the  granites  along  Maine  and  New-Hampshire 
boundaries,  says  that  there  is  absolutely  no  proof  that  these  later 
granites  are  '•  intrusive,"  as  so  designated  by  .Sir  W.  Logan,  but 
that,  like  those  in  Australia  and  Nova  Scotia,  all  the  phenomena 
connected  with  them  may  be  more  readily  explained  and  under- 
stood if  we  regard  them  as  completely  metamorphosed  portions  of 
the  strata  which  now  surround  them ;  whereas  in  regions  where 
the  granite  is  older  than  the  adjacent  strata  similar  contact-Hues 
may  be  seen,  but  without  any  change  in  the  mineralogical  cha- 
racter of  the  latter  such  as  occurs  w  hen  the  crystalline  rock  is  the 
youngest  (p.  6). 

Although  the  subjects  of  these  Reports  are  locally  important, 
they  will  doubtless  be  of  interest  to  those  who  may  wish  to 
become  acquainted  with  the  physical  conditions,  geological  structure, 
and  economical  resources  of  the  Dominion  of  Canada. 

Geological  SJcetches  at  Home  and  Abroad.  By  A.  Geikie,  LL.D., 
F.R.S.,  Director- General  of  the  Geological  Surveys  of  the  United 
Kingdom.  With  Illustrations.  London :  Macmillan  and  Co. 
1882. 
This  work  consists  of  a  series  of  essays  previously  published  in 
various  journals  during  the  last  twenty  years.  Most  of  them  relate 
to  certain  disti-icts  in  this  country,  Europe,  and  America,  where  the 
striking  geological  phenomena  here  recorded  were  observed  by  the 
author.  Among  the  more  important  subjects  noticed  in  these 
papers  are  those  having  more  or  less  reference  to  Denudation, 
Glacial  action.  Volcanic  phenomena,  and  Rock-weathering.  An 
Erosionist  of  the  advanced  school,  but  by  no  means  inclined  to  do 
battle  under  the  extreme  "  quietest ''  banners  of  some  of  its  cham- 
pions. Dr.  Geikie  has  been  led  in  his  wanderings  to  look  at  scenery 
with  peculiar  interest ;  and  thus,  in  the  essay  on  the  Old  Glaciers 
of  Norway  and  Scotland,  it  is  shown  that  the  Norwegian  and  Scot- 
t'sh  Highlands  seem  to  be  but  parts  of  one  long  tableland  of  ero- 
sion composed  of  older  and  chiefly  metamorphic  rocks,  while  the 
fjords  and  valleys  of  the  one  country  and  the  lochs  and  glens  of  the 
other  owe  their  excavation  to  the  great  process  of  denudation 
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which  has  bx'ought  the  laud  to  its  present  form.  The  various 
forms  of  rock-vveatheriug  are  discussed  as  derived  from  the  study 
of  tombstones  (Essay  viii.);  and  the  eifects  of  modern  atmospheric 
action,  conjoined  with  the  bedding  and  jointing  of  rocks,  are  shown 
in  the  isolated  pillar  of  Old  Eed  Sandstone,  600  feet  high,  standing 
out  from  the  mainland  of  which  it  once  formed  a  part,  and  known 
as  the  "  Old  Man  of  Hoy  ^'  (Xo.  I.). 

The  power  of  rain-  and  river-action  is  fully  shown  in  the  deep 
gorges  excavated  through  the  basalt  and  other  rocks  of  the 
Auvergne  and  Haute-Loire  of  Central  France  (Xo.  V.) ;  but  great 
as  has  been  the  efficiency  of  superficial  erosion  on  the  development 
of  the  terrestrial  surface  of  Europe,  the  author  considers  that  the 
fundamental  laws  of  denudation  can  nowhere  be  better  learnt  than 
in  the  western  region  of  the  Rocky  Mountains,  the  evolution  of  the 
mountain-forms  of  the  Uintah  range,  the  high  plateaux  of  Utah, 
and  the  great  basin  of  the  Colorado,  where  "  the  proofs  of  enor- 
mous superficial  waste  rise  to  such  a  gigantic  scale  as  wholly  to 
baffle  every  observer  who  has  yet  attempted  to  describe  them  " 
(p.  229). 

In  the  essays  on  the  Volcanoes  of  Central  France  (Xo.  V.),  the 
Yellowstone  Geysers  (Xo.  X.),  and  the  Lava-fields  of  Xorth-west 
Europe  (Xo.  XL),  are  many  interesting  and  suggestive  remarks  on 
Aolcanic  phenomena.  The  study  of  the  former  seemed  to  throw 
light  on  the  character  and  aspect  of  the  Carboniferous  volcanos  of 
Central  Scotland  (p.  102).  Again,  there  were  features  of  former 
volcanic  action  on  which  the  phenomena  of  modern  volcanos  ap- 
peared to  aiford  but  little  light;  "in  particular,  the  vast  number  of 
fissures  which  in  Britain  had  been  filled  with  basalt  and  now  formed 
the  well-known  and  abundant  '  dykes,'  appeared  hardly  to  connect 
themselves  with  any  known  phase  of  volcanism"  (p.  276).  This 
has  been  accounted  for  by  the  emission  of  vast  floods  of  lava, 
"  massive  eruptions,"  without  the  formation  of  cones  or  craters — a 
view  advocated  by  Eichthofen  more  than  t\^'elve  years  ago, — and 
that  our  modern  volcanos,  Vesuvius  and  Etna,  present  us  by  no 
means  with  the  grandest  type  of  volcanic  action.  Dr.  Geilde,  after 
his  visit  to  the  lava-fields  of  the  Pacific  slope,  was  enabled  to  rea- 
lize the  conditions  of  volcanism  described  by  Richthofen,  and  thus 
assist  in  solving  a  difficuhy  he  had  long  felt  in  accounting  for  the 
extent  of  the  dykes  and  other  protrusions  of  basalt,  "  which  can  be 
traced  over  an  area  of  probably  not  less  than  100,000  square  miles 
in  Britain";  for  they  occur  from  Yorkshire  to  Orkney,  and  from 
Donegal  to  the  mouth  of  the  Tay  "  (p.  276),  which  was  only  part 
of  the  far  more  extensive  region  that  included  the  Faroe  Islands 
and  Iceland. 

These  stupendous  outpourings  of  lava  in  the  west  of  Scotland,  like 
those  on  the  plains  of  Idaho,  are  considered  to  be  due  to  the  fissure 
or  "  massive '"'  type  oi^  eruption  ;  and  that  the  basaltic  plateaux  of 
Abyssinia  and  the  "  Deccan  traps  "  of  India  probably  mark  the 
sites  of  some  of  the  great  fissure-eruptions  which  have  produced  the 
lava-fields  of  the  Old  World  (p.  285). 
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Althougb  Dr.  Geikie  advocates  the  fissure-eruption  theory  in 
explanation  of  certain  volcanic  phenomena,  it  must  be  remembered 
that  Mr.  Scrope,  in  his  energetic  review  of  the  Isatural  History 
of  Volcanic  Eocks,  strongly  opposed  Kichthofen's  twofold  division 
of  volcanic  rocks  into  "  massive  eruptions  "  and  the  products  of 
"  volcanos  proper,"  and  remai*ked : — "It  is  utterly  impossible  to  find 
in  the  writings  of  its  advocates  or  in  nature  any  intelligible  distinc- 
tion between  volcanic  rocks  that  have  issued  from  fissures,  so  as  to 
form  '  massive '  or  '  elongated '  or  '  dome-shaped  '  mountains,  and 
rocks  produced  by  eruptions  from  '  volcanos  proper '  ''  (Greol.  Mag. 
vol.  vi.  p.  512). 

The  last  three  chapters  include  lectures  on  the  Scottish  school  of 
geology,  Geographical  evolution,  and  on  tlie  Geological  influences 
which  have  affected  the  course  of  British  history. 

These  well-written  essays,  now  collected  and  revised,  fully  con- 
vey in  a  clear  and  pleasant  manner  the  vivid  impressions  made  on 
the  author  during  his  geologic  wanderings,  aud  are  replete  with 
scientific  facts,  occasionally  interspersed  with  notes  and  illustra- 
tions of  the  striking  features  of  the  scenery  or  of  historic  aud 
legendary  interest. 

VIII.  Proceeclings  of  Learned  Societies. 

GEOLOGICAL  SOCIETY. 

[Continued  from  Vol.  xiii.  p.  375.] 

April  26,  1882.— J.  W.  Hulke,  Esq.,  F.R.S.,  President, 

in  the  Chair. 

^HE  following  communications  were  read  : — 

-■-     1.  "  On  Fossil  Chilostomatous  Bryozoa  from  Mount  Gambler, 

South  Australia."     By  Arthur  W.  Waters,  Esq.,  E.L.S.,  E.G.S. 

2.  '■^Thamniscus:  Permian,  Carboniferous,  and  Silurian."  By 
George  W.  Shrubsole,  Esq,  E.G.S. 

3.  "  On  the  Occurrence  of  a  Xew  Species  of  Phyllopora  in  the 
Permian  Limestones."     By  George  W.  Shrubsole,  Esq.,  F.G.S. 

4.  "  On  the  Eelations  of  the  Eocene  and  Oligocene  Strata  in  the 
Hampshire  Basin."     By  Prof.  John  W.  Judd,  F.R.S.,  Sec.G.S. 

The  section  at  Whitecliff  Bay,  in  the  Isle  of  Wight,  affords  us 
the  means  of  determining  the  true  order  of  succession  of  nearly 
2000  feet  of  Tertiary  strata,  and  is  therefore  employed  as  a  standard 
to  which  to  refer  the  strata  seen  in  sections  where  the  order  of 
succession  is  not  so  clear.  The  author  supported  the  views  of  Prof. 
Prestwich  as  to  the  limits  of  the  Bracklcsham  series,  as  opposed  to 
tbe  opinions  expressed  on  the  subject  by  the  Eev.  0.  Fisher.  He 
pointed  out  the  confusion  which  has  arisen  from  the  correlation  of 
certain  strata  in  the  Hampshire  basin  with  the  barren  Lower  and 
Ppper  Bagshots  of  the  London  area,  in  which  fossils  are  so  rare  as 
to  render  their  geological  age  somewhat  doubtful.  To  the  Lower 
Bagshot  some  authors  have  referred  660  feet  of  the  strata  seen  at 
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Alum  Bay ;  while  other  authors  have  restricted  that  name  to  about 
I'd  feet  of  the  same  section.  The  age  of  the  Upper  Eagshot  of  the 
London  basin  is  admitted  by  all  authors  to  be  very  doubtful.  The 
only  way  to  avoid  the  confusion  unavoidable  from  using  the  same 
names  for  strata  the  correlation  of  which  was  so  hypothetical,  was 
to  emploj'  local  names  for  both  sets  of  beds.  He  proposed  to  refer 
to  the  freshwater  sands  below  the  Bracklesham  and  Bournemouth 
strata,  containing  a  distinctive  flora,  as  "  the  Studland  beds,"  and 
the  sends  above  the  Barton  clay  b}-  the  old  name  of  '•  the  Headon- 
HiU  Sands." 

Above  these  sands  are  a  series  of  clays  only  about  40  feet  thick 
at  AVhitecliff  Bay,  but  much  thicker  at  Headon  Hill  and  HordweU 
Cliff.  These  sands  and  clays  form  the  Headon  group ;  they  consist 
of  freshwater  strata  with  bands  of  limestone  and  lignite,  but  in- 
cluding numerous  inconstant  intercalations  of  layers  containing 
marine  shells,  for  the  most  part  much  dwarfed.  The  age  of  the 
Headon  group,  as  shown  bj'  the  fossils  which  it  contains,  is  that  of 
"  the  zone  of  Cerithium  concaimm"  of  continental  authors. 

The  brackish-water  Headon  group  is  succeeded  at  "Whitecliff  Bay 
by  nearly  100  feet  of  purely  marine  strata.  These  marine  beds, 
which  had  been  shown  to  rest  on  an  eroded  surface  of  the  Headon 
beds,  contain  the  remarkable  fauna  which  had  been  recognized  by 
many  British  and  foreign  geologists  as  that  of  the  Lower  Oligocene. 
Similar  strata  with  the  same  fossils  are  found  in  the  Xew  Porest, 
at  Lyndhurst,  Brockenhurst,  Boydon,  and  other  points,  and  there 
also  attain  a  considerable  thickness.  It  was  pointed  out  that  this 
marine  series  is  quite  distinct  from  the  Headon,  or  zone  of  Cerithium 
concavum,  with  which  it  had  been  confounded. 

The  author  had  been  very  severely  criticised  for  the  views  which 
he  had  put  forward  in  a  former  paper  as  to  the  manner  in  which 
the  Brockenhurst  series  is  represented  in  the  section  at  the  west 
end  of  the  Isle  of  Wight.  There  was  mixch  difficulty  in  these 
variable  estuarine  beds  in  correlating  the  beds  seen  in  C'olwell  Bay 
with  those  exposed  in  the  cliffs  of  Headon  Hill.  AVith  several  pre- 
vious authors  on  the  subject,  he  maintained  that  the  great  series  of 
sandstones  and  limestones  forming  AVarden  Point  and  How  Ledge 
are  continuous  with  those  exposed  in  the  face  of  Headon  Hill,  and, 
consequently,  that  the  marine  beds  of  Colwell  Bay  overlying  these 
limestone  series  are  younger  than  the  brackish-water  bands  interstra- 
tified  with  the  Heddon  beds  of  Headon  Hill.  His  critics,  however, 
insisted  that  these  two  beds  agreed  with  one  another  in  such  a 
manner  that  they  must  be  regarded  as  parts  of  the  same  bed,  sepa- 
rated by  denudation.  In  opposition  to  this  view  it  was  pointed  out 
that  the  Colwell-Bay  bed  is  of  the  most  inconstant  character,  and 
long  before  reaching  Headon  Hill  is  seen  to  be  on  the  point  of  thin- 
ning out  and  disappearing  altogether. 

In  conclusion,  the  author  pointed  out  that  his  own  interpretation 
of  the  succession  and  correlation  of  the  strata  in  the  Hampshire 
basin  brings  them  into  complete  harmony  with  that  which  is  main- 
tained by  tlie  great  majority  of  continental  geologists,  while  that  of 
his  critics  appeared  hopelessly  irreconcilable  with  their  views. 


I 
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IX.  Intelligence  and  Miscellaneous  Articles. 

SCIENCE  AND  METAPHYSIC. 
To  the  Editors  of  the  Philosojihical  Magazine  and  Journal. 

GE^'^TLEMEN, 

TyiLL  you  allow  me  space  to  say  a  few  words  upon  some  points 
' '  which  are  raised  and  discussed  in  your  review  of  Prof.  Max 
Miiller's  ti'anslation  of  Kant's  '  Critique  of  Pure  Reason.'  The  first 
question  of  importance,  namely  that  of  the  meaning  of  metaphysic 
and  its  relation  to  science,  is  an  extremely  interesting  one,  and,  as 
it  seems  to  me,  well  worthy  of  discussion  from  a  scientific  stand- 
point. One  side  of  the  question  is  put  forward  in  your  review ; 
and  it  is  the  other  side  which  I  wish  briefly  to  state  here,  with  the 
object  of  eliciting  discussion. 

Metaphysic,  as  now  understood,  and  Science  are  not  words  which 
are  opposed  as  regards  meaning.  The  subject-matter  of  science 
and  of  metaphysic  are  distinct :  they  run  in  different,  yet  closely 
connected  channels.  And  perhaps  here,  at  the  outset,  I  may  be 
permitted  to  remark  that,  in  any  sense  in  which  the  word  meta- 
ph3^sic  is  or  has  beeu  held,  it  is  inadmissible  to  instance  Auguste 
Comte  as  a  metaphysician,  even  if  his  own  reiterated  state- 
ments upon  the  question  did  not  forbid.  Any  one  who  has 
read  the  FliilosopMe  Positive  will  know  how  Comte  never  lets  an 
opportunity  pass  without  ridiculing  both  metaphysic  and  metaphy- 
sician, in  the  old  sense  of  the  words.  He  regarded  the  metaphy- 
sical method  of  looldng  at  things  as  a  stage  through  which  the 
human  mind  has  to  pass  before  it  reaches  the  final  stage,  \^hich  he 
called  the  positive  or  scientific.  In  fact,  one  of  the  main  objects  of 
his  great  work  was  to  free  science  from  metaphysic  as  he  under- 
stood it.  When  Comte  censured  as  useless  the  study  of  the  fixed 
stars  with  the  object  of  discovering  their  chemical  composition,  he 
was  arguing  upon  grounds  that  were  of  the  most  commonplace  and 
superficial  kind,  and  could  not  by  any  means  be  shown  to  be  even 
remotely  connected  with  metaphysic.  I  am  unable  to  agree,  except 
in  a  very  limited  sense,  with  Prof.  Max  Midler  in  thinking  that  there 
is  any  connexion  between  the  philosophical  systems  of  Kant  and 
Comte.  Metaphysic,  until  quite  recent  times,  has  been  mainly  an 
attempt  to  discover  the  supposed  hidden  causes  of  phenomena ;  a 
mode  of  inquiry  which  had  its  systematic  origin  in  Aristotle,  aud  was 
extended  aud  formulated  by  the  Schoolmen.  In  science  the  same 
tendency  was  manifest.  Abstract  entities  were  assumed  as  origina- 
ting causes ;  and  it  is  only  recently  that  science  has  given  up  the 
search  for  these  causes  as  futile,  aud  sought  to  show  how  phenomena 
take  place  instead  of  why  they  take  place.  Here  was  a  change  of 
method  in  science;  and  what  I  wish  to  emphasize  is  that  a  similar 
change  has  occurred  in  metaphysic.  Metaphysic  has  adopted 
the  new  method.  While  formerly  the  metaphysician  endeavoured 
to  discover  what  the  facts  of  nature  were  in  their  hidden  essence, 
he  now  seeks  to  find  out  what  these  facts  are  known  as  or  appear 


76  Intelligence  and  Miscellaneous  Articles. 

to  be  ;  in  fact  his  whole  purpose  is  to  arrive  at  a  complete  analysis 
of  the  contents  of  the  mind.  The  constant  question  in  metaphysic 
is,  What  do  we  mean  by  such  words  as  Time,  Space,  Cause,  Neces- 
sity, Power,  and  other  facts  which  are  taken  as  ultimates  by  Science? 
It  does  not  aim  at  discoveriug  the  cause  of  these  facts,  but  simply 
at  studying  their  relations.  The  introduction  of  this  method  is 
mainly  due  to  Kant ;  and  it  is  on  this  accoinit  that  his  claim  to  so 
high  a  place  in  the  history  of  philosophy  rests,  although  his  method 
still  retained  a  large  admixture  of  the  old  conception.  This  new 
method  of  philosophizing  without  the  assumption  of  entities,  which 
we  may  call  the  New  Metaphysic,  will  be  understood  by  reference 
to  such  works  as  Mr.  Shadworth  Hodgson's  '  Philosophy  of  Reflec- 
tion,' or  M.  Renouvier's  Essais  de  Critique  Generale.  What  may  be 
the  merits  of  the  systems  propounded  in  these  books,  taken  as  a 
whole,  I  do  not  here  discuss  ;  but  of  the  former  of  them,  at  least,  it 
may  be  said  that  there  is  no  conclusion  touching  scientific  questions 
which  Science,  as  such,  \\ould  hesitate  to  indorse. 

Tours  truly, 

WtNDHAM  R.  DTmSTAN. 


ON  THE  DEPRESSION  OF  THE  ZERO-POINT  IN  MERCURIAL 
THERMOMETERS.      BY  J.-M.  CRAFTS. 

It  is  well  known  that  a  thermometer  which  has  remained  for  a 
long  time  at  the  ordinary  temperature  presents  wheji  it  is  heated  a 
depression  of  its  zero-point.  The  amount  of  the  depression  depends 
on  the  temperature  to  ■ohich  the  thermometer  is  raised ;  and 
M.  Pernet  has  demonstrated  that  the  depressions  are  proportional 
to  the  squares  of  the  temperatures  when  it  is  heated  from  0°  to 
about  100°.  For  higher  temperatures  Mr.  Mills  has  found  a  very 
different  course.  He  does  not  indicate  all  the  details  which 
would  be  necessary  to  enable  one  to  usefully  criticise  his  data; 
and  I  will  confine  myself  to  saying  that  the  numbers  he  gives 
resemble  those  obtained  with  thermometers  which  have  not  under- 
gone a  suitable  preparation,  and  that  the  method  of  experimenting 
which  I  desire  to  present  to  the  appreciation  of  the  Academy 
leads  to  very  different  results. 

Before  measuring  the  depressions  produced  by  a  reheating,  it  is 
necessary  to  make  sure  of  two  things  : — (1)  that  the  starting- 
point  is  the  zero  raised  to  the  maximum  ;  (2)  that  the  phenomenon 
one  wishes  to  observe  is  not  D)asked  by  the  permanent  elevation  of 
the  zero,  which  may  take  place  at  the  same  time  as  the  depression, 
I  have  ascertained  that  this  last  effect  is  invariably  produced  when 
one  heats  even  for  a  few  minutes  a  thermometer  which  has  not 
been  previously  heated  for  a  long  time  to  a  temperature  near  that 
of  the  experiment.  This  movement  can  be  effectually  suppressed  by 
preliminary  processes  of  heating  which  will  be  described  further  on  ; 
and  each  series  of  depressions  and  reelevations  must  be  repeated,  in 
order  to  make  sure  that  no  permanent  displacement  of  the  zero  has 
taken  place.     Let  us  suppose  this  preparation  completed :  the  ther- 
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mometer  has  been  heated  to  the  highest  degree  of   temperature 
employed  iu  the  experiments,  355°  for  instance  ;  the  position  of 
the   zero  has  been  observed,  the  thermometer  submitted   to  any 
series  of  operations  ;  and,  on  heating  again  to  355°,  the  original 
position  of  the  zero  has  been  recovered  ;  it  remains  to  raise  this 
depressed  zero  to  its  highest  position.     A  thermometer  can  be  kept 
indefinitely  at   the  ordinary  temperature,  or  even  be  heated   for 
several  weelcs  to  100°,  without  producing  the  total  ree]e\atiou  of 
the  zero ;  and  the  study  in  detail  of  the  means  which  facilitate  that 
movement  has  revealed  new  facts  of  some  importance  in  regard  to 
the  theoretic  views  considered  in  some  preceding  communications. 
I  will  briefly  repeat   the  explanation  which   seems  to  account 
best  for  all  the  movements  of  the  fixed  points  of  a  thermometer. 
The  glass,  softened  during  the  process  of  blowing,  retains  inde- 
finitely, at  the  ordinary  temperature,  a  residual  separation  of  its 
particles,  similar  to  that   observed   in  an  exaggerated   degree  in 
Rupert's  drops.     On  such  glass  being  heated,  greater  mobility  is 
imparted  to  its  particles,  and  the  normal  shrinking  is  induced  (the 
disappearance  of  the  abnormal  expansion) ;  and  this  action  of  heat 
is    the   more   pi-onounced    the   more   nearly    the   temperature    is 
approached   which    produced   the    original    separation.     When    a 
thermometer  is    in  operation,  the  shrinkage  causes  a  permanent 
raising  of  the  zero-point,  which  may  reach  the  considerable  figure  of 
26°.     It  is  evident  that  if  a  separation  of  the  same  kind,  although 
inferior  in  amplitude,  can  be  produced  at  will,  can  be  made  to 
persist  for  an  indefinite  time  at  the  ordinary  temperature,  and  to 
disappear   by   heating,  this    manner  of    understanding   the   phe- 
nomenon will    be   notably   confirmed.     Experiment   realizes    this 
preAision.     In  fact  it  is  sufticient  to  know  the  true  depression  of 
the  zero  produced  by  boiling  the  mercury  in  a   thermometer  to 
ascertain  that  it  persists  indefinitely  at  the  ordinary  temperature. 
The  depression  is  about   2°  for  Erench  glass  containing  oxide  of 
lead,  the  reelevation  at  the  end  of  the   first  six  months  is  from 
0°'4  to  0°-5 ;  the   subsequent  elevation  during  from  fiA^e  to  ten 
years  rarely  exceeds  0°"5  ;  and  after  ten  years  the  zero  remains 
stationary,   leaving   half  of  the  depression  subsisting,  of    which 
the  total  removal,  equalling  an  additional  degree,  can  be  effected 
by  suitable  means.    This  conclusion  has  been  confirmed  by  numerous 
experiments  on  the  depressions  produced  at  different  temperatures. 
It   is  especially  by  heating  to  very  high   temperatures  that   de- 
pressions are  produced  which  do  not  disappear.     This  phenomenon 
resembles  that   of  the   permanent  expansion  of  a  body  when  the 
limit  of  its  elasticity  has  been  passed. 

The  total  reelevation  after  a  depression  of  the  zero,  is  accom- 
plished more  rapidly  at  high  temperatures.  Let  us  compare  the 
periods  of  time  when  the  intervals  of  temperature  remain  nearly 
equal.  Five  thermometers,  after  being  heated  for  24  hours  to 
306°,  were  kept  at  218°  until  the  position  of  the  zero  had  become 
constant ;  for  which  four  days  were  required.  Afterwards  the 
zero  depressed  at  218°  was  reelevated  by  heating  for  18  days  to 
100°.     It   requires  from  six  months  to  two  years  for   the  total 
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reelevation  of  the  zero  depressed  at  100°  ■nhen  the  thermometer  is 
h  f  t  at  the  ordinar_y  temperature.  The  termination  of  the  reele- 
vation being  the  Hmit  of  the  abatement  of  a  movement,  it  is 
evident  that  it  cannot  be  stated  with  exact  precision  ;  and  it  is 
especially  by  comparing  the  coux-se  at  its  different  phases  for  each 
interval  that  one  gets  an  exact  idea  of  the  variation  of  rapidity  of 
the  reelevation  according  to  the  temperature  at  which  one  worlds. 
When  the  intervals  are  smaller  the  reelevation  is  still  more  rapid  : 
thus,  from  0'8  to  0*9  of  the  total  reelevation  of  the  zero  depressed 
at  100"  can  be  produced  by  heating  the  thermometer  during  three 
days  to  80"",  four  days  to  60°,  and  Hve  days  to  40°. 

It  will  be  seen  that,  tlie  greater  the  interval  between  the  tem- 
perature uhich  has  produced  a  depression  and  that  at  \\hich  tlie 
thermometer  is  maintained  to  accomplish  the  reelevation,  the 
slower  is  the  movement ;  and  it  may  not  be  complete  if  the 
interval  notably  exceeds  100°.  These  data  have  been  utilized  in 
the  following  manner  to  prepare  some  thermometers  for  the  study 
of  the  real  depressions  of  the  zero.  In  order  to  cause  the 
abnormal  tension  produced  during  the  blowing  of  the  glass  to 
disappear,  the  instruments  nos.  1  and  5  were  heated  11  days  to 
355'' ;  nos.  13  and  15  were  heated  three  years  to  206°  and  266° ; 
nos.  31  and  32,  before  being  filled  with  mercury,  were  heated  100 
hours  to  410°,  and  cooled  as  gradually  as  possible  during  100  hours  ; 
and  finally  all  were  heated  for  one  day  to  30G°  and  the  zero-points 
observed.  In  order  to  reelevate  completely  the  zero  from  its 
position  depressed  by  the  heating  to  306°,  all  the  thermometers 
were  heated  and  kept  for  four  days  at  218",  eighteen  days  at  100°, 
five  days  at  80°,  seven  days  at  60°,  six  days  at  40°,  nine  days  at 
20°,  three  days  at  10°,  and  two  days  at  zero. 

Here  only  one  series  of  experiments  can  be  cited ;  they  are 
summed  up  in  the  following  Table  :  the  first  column  contains  the 
numbers  of  the  thermometers ;  those  which  follow  give  the  de- 
pressions corresponding  to  the  temperatures  indicated  at  the  top 
of  the  columns. 

40°        60°        80°       100°      160°      218°      260°      306°      355° 

1 0-00     0-06     0-19     0-31     0-74     1-12     1-33     1-63     2-19 

5 0-04     0-08     0-18     0-29     0-56     0-76     0-91     1-14     1-51 

13 0-02     0-03     0-17     0-31     0-69     0-87     1-09     1-30     2-15 

15 0-01     0-05     0-18     0-31     0-75     0-97     1-12     1-40     2-05 

31 0-02     0-06     0-22     0-37     0-84     1-15     1-46     1-77 

32 0-28     0-69     0-98     1-21     1-56     2-06 

Iseglecting  thermometer  no.  5,  which  is  of  German  soda  glass,  the 
numbers  for  all  the  others,  which  are  of  glass  containing  oxide  of 
lead,  are  sufficiently  concordant  to  permit  the  table  to  be  employed 
for  estimating,  with  but  a  very  slight  error,  the  depressions  whk-h 
W'ill  be  produced  by  beating  thermometers  manufactured  at  Paris. 
The  relation  between  the  temperatures  and  the  depressions  might 
be  expressed  by  a  general  formula ;  but  simple  interpolation 
suffices  for  practical  needs. —  Comptes  Rendus  de  VAcademie  des 
Sciences,  May  8,  1882,  t.  xciv.  pp.  1298-1301. 
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ON  THE  OSCILLATIONS  OF  THE  PLANE  OF  POLARIZATION  PRO- 
DUCED BY  THE  DISCHARGE  OF  A  BATTERY  :  SIMULTANEITY  OF 
THE  ELECTRICAL  AND  OPTICAL  PHENOMENA.  BY  D.  BICHAT 
AND  R.  BLONDLOT. 

We  proposed  to  ourselves  to  study  the  rotation  of  the  plane  of 
polarization  in  a  transparent  body  under  the  action  of  the  current 
from  the  discharge  of  a  Leyden  jar.  The  experiment  was  arranged 
as  follows. 

Between  a  polarizer  and  an  analyzer  at  extinction  the  transpa- 
rent body  is  placed  in  a  bobbin  with  a  long  and  fine  wire  which  is 
connected  with  the  armatures  of  a  battery.  An  exciter  interca- 
lated in  the  circuit  permits  the  discharge  to  be  produced  when  the 
difference  of  potential  is  sufficient.  At  the  instant  of  each  dis- 
charge the  eye,  placed  in  front  of  the  analyzer,  perceives  a  vivid 
reappearance  of  light,  which  shows  that  the  plane  of  polarization 
has  been  deflected. 

This  fact  having  been  proved,  we  sought  to  analyze  it.  For  that 
purpose  we  placed  before  the  optical  apparatus  a  mirror  rotating 
about  a  vertical  axis.  The  polarizer  was  furnished  with  a  slit,  like- 
wise vertical,  the  image  of  which  was  observed  in  the  mirror  by 
means  of  a  telescope.  By  a  suitable  arrangement  we  compelled 
the  spark  to  burst  forth  at  the  moment  when  the  mirror,  in  its  con- 
tinuous rotation,  occupied  such  a  position  that  the  image  of  the 
slit  was  visible  in  the  telescope.  We  thus  saw  in  the  rotating 
mirror  the  reappearance  of  light  due  to  each  discharge. 

What  we  observed  was  this : — In  general,  in  the  field  of  the 
telescope  a  series  of  broad  luminous  bands  are  seen,  separated  by 
narrower  dark  bands.  The  appearance  reminds  one  absolutely  of 
that  which  is  observed  when  the  light- of  the  spark  is  examined. 
It  is  known  that  in  that  case  the  successive  luminous  bands  corre- 
spond to  currents  alternately  in  opposite  directions  :  the  discharge 
is  oscillatonj.  We  have  ascertained  that  it  is  the  same  with  the 
plane  of  polarization.  In  fact,  if  the  aualyzer  be  rotated  a  small 
angle  in  a  certain  direction,  the  images  of  the  even  order  are  seen 
to  be  weakened,  and  at  the  same  time  the  images  of  the  odd  order 
to  increase  in  brightness.  If  the  rotation  take  place  in  the  oppo- 
site direction,  the  images  of  the  odd  order  are  weakened,  and  those 
of  the  even  order  become  brighter. 

The  plane  of  polarization,  then,  undergoes  successive  rotations 
alternately  in  opposite  directions :  it  oscillates  about  its  normal 
position.  To  each  oscillatory  discharge  corresponds  an  oscillatory 
movement  of  the  plane  of  polarization. 

This  being  admitted,  is  there  simultaneity  between  the  electric 
and  optic  phenomena  ?  or  does  the  movement  of  the  plane  of  po- 
larization manifest  itself  in  an  appreciable  time  after  the  electric 
action  ?  We  have  solved  this  question  in  the  following  manner  :— 
To  the  apparatus  employed  for  the  preceding  experiments  we  added 
an  arrangement  permitting  to  be  seen  at  the  same  time,  in  the 
rotating  mirror,  the  bands  furnished  by  the  light  of  the  spark  and 
those  due  to  the  oscillation  of  the  plane  of  polarization,     Por  this 
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purpose  the  exciter  was  placed  so  that  the  spark,  by  means  of  a 
suitable  oprical  system,  illuminated  a  vertical  slit.  A  fixed  mirror 
sent  back  the  light  proceeding  from  this  slit  upon  the  rotating 
mirror,  and  thence  into  the  telescope.  The  movable  mirror  being 
at  rest,  the  vertical  images  of  the  two  slits  were  seen  in  the  field 
distijictly.  By  regulating  the  position  of  the  fixed  mirror,  these 
two  slits,  which  had  the  same  breadth,  were  brought  to  be  each 
precisely  in  the  prolongation  of  the  other. 

During  the  rotation  of  the  mirror,  at  the  moment  when  the  bat- 
tery is  discharged,  each  of  the  images  dilates  in  the  horizontal  direc- 
tion. Two  systems  of  bands  alternately  luminous  and  dark  are 
thus  seen  one  above  the  other  :  the  one  is  due  to  the  light  of  the 
spark  ;  the  other  proceeds  from  the  polariziug-apparatus. 

The  exjperime.nt  shows  that  the  brilliant  bands  of  one  of  the  S)jstems 
forms  exactly  the  prolongation  of  the  luminous  bands  of  the  other,  and 
that  it  is  the  same  with  the  dark  bands.  If  the  mirror  be  rotated 
more  and  more  rapidly,  the  breadth  of  the  bands  increases,  but  the 
corresjpondenee  of  the  two  systems  still  remains  'perfect.  Therefore, 
with  the  close  approximation  which  our  apparatus  permits  us  to 
obtain,  we  may  conclude  that  the  two  phenomena,  electrical  and 
optical,  are  simultaneous. 

In  order  to  measure  that  approximation,  we  slightly  displaced 
the  fixed  mirror,  so  as  to  destroy  the  correspondence  of  the  two 
images.  It  is  clear  that  the  displacement  produced  the  same  effect 
as  any  delay  that  niight  have  existed  between  the  two  orders  of 
phenomena.  We  thus  secured  that  a  delay  of  y-o-^^7  of  a  second 
should  be  quite  appreciable ;  we  can  therefore  affirm  that  the  delay, 
if  it  exists,  is  less  than  y-jj-J^x)  *^^  ^  second. 

The  experiments  were  made  with  heavy  flint  glass  and  bisulphide 
of  carbon  successively  as  the  transparent  body.  M.  Villari,  by 
causing  a  cylinder  of  flint  glass  to  rotate  between  the  poles  of  an 
electromagnet*,  ascertained  that  at  a  sufficient  velocity  the  pheno- 
menon of  rotator}"  polarization  ceases  to  exist ;  hence  he  concluded 
that,  to  produce  magnetization  of  the  flint  glass,  a  time  comprised 
between  0-001244  and  0*00241  of  a  second  is  required.  Kow  the 
sensitiveness  of  our  method  permitted  us  to  appreciate  a  displace- 
ment corresponding  to  a  forty-fourth  part  of  that  time. 

An  unpublished  experiment  of  MM,  P.  Curie  and  Ledeboer 
accords  with  our  conclusions.  Substituting  for  the  copper  disk  of 
Foucault's  apparatus  a  glass  disk,  and  causing  it  to  rotate  at  the 
rate  of  a  hundred  turns  per  second,  they  observed  no  diminution 
in  the  rotation  of  the  plane  of  polarization.  It  seems,  then,  that 
another  explanation  of  the  very  interesting  experiment  of  M. 
Villari  must  be  sought. 

We  are  moreover  in  accord  with  him  upon  this  point,  that  the 
rotation  of  the  plane  of  polarization  ceases  at  the  same  instant  as 
the  electric  action. — Comptes  llendus  dp  VAcadmiie  des  Sciences, 
June  12,  1882,  t.  xciv.  pp.  1590-1592. 

*  Togg.  Ann.  cxlix.  p.  324  (1873). 
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X.  Remarka  on  Absolute  S^/stems  of  Physical  Units, 

By  A.  F.  SUNDELL*. 

ri^HE  great  importance  of  the  absolute  system  of  physical 
J-  units,  introduced  by  Gauss,  and  developed  by  William 
Weber,  Kohlrausch,  Maxwell,  and  Jenkin,  is  no  doubt  fully 
recognized  by  every  physicist.  It  is  therefore  the  more  sur- 
prising that  the  so-called  dimensions  of  the  physical  units  are 
so  little  employed  in  practice,  notwithstanding  the  demonstra- 
tion of  their  great  utility  given  by  Prof.  Kohlrausch  in  his 
well-known  Leitfaden  der  jyraktischen  Physih.  These  dimen- 
sions may  be  regarded  as  the  actual  names  of  the  units  ;  and 
■where  they  do  not  accompany  the  statement  of  the  numerical 
values  of  magnitudes,  the  data  are  as  incomplete  as  if,  in  giving 
a  length  or  a  surface,  the  unit  of  length  or  of  surface  employed 
were  not  mentioned. 

The  works  of  the  authors  named  contain  all  that  is  necessary 
for  the  practical  employment  of  the  absolute  system.  But  inas- 
much as  there  are  several  different  systems  of  absolute  units 
employed  in  physics  whose  mutual  relationships  have  not  been 
sufficiently  clearly  pointed  out,  although  detinite  indications 
of  the  connexion  between  them  are  to  be  found,  especially  in 
Weber's  Elektrodynamisclie  Maasshestiuununyen,  and  in  Max- 
well's great  work,  'A  Treatise  on  Electricity  and  Magnetism,^ 
I  propose  to  put  forward  here  an  elementary  theory  of  abso- 
lute systems  of  physical  units. 

*  Translated  froui  a  separate  impression  from  the  Avta  Sue.  Scienf. 
Fenn,  Tom.  xii.  (Helsiugfors,  1881),  communicated  by  tlie  Author, 
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1.  Various  physical  conceptions  have  resulted  from  the 
endeavour  of  physicists  to  represent  the  results  of  their  re- 
searches mathematically  as  simply  as  possible,  and  to  extend 
them.  Most  physical  conceptions,  even  if  not  required  for 
this  special  purpose,  are  at  any  rate  absolutely  necessary  for 
a  satisfactory  formal  demonstration  of  physical  laws.  If,  for 
example,  we  seek  to  represent  the  law  of  a  given  uniform 
motion  mathematically,  the  equation 

s  =  ct (1) 

is  sufficient ;  in  which  s  represents  the  distance  described  in 
the  time  t,  and  c  is  a  constant  dependent  on  the  units  employed 
for  s  and  t.  If  by  means  of  this  equation  we  determine  the 
value  of  the  constant  c  by  means  of  the  distance  described  in 
a  given  time,  we  are  then  able  to  calculate  the  distance  for  any 
time  t.  The  equation  (1)  may  then  be  regarded  as  the  ma- 
thematical representation  of  the  law  of  the  given  motion.  But 
with  the  value  found  for  the  constant,  the  equation  can  be 
used  only  for  this  particular  motion,  and  not  for  any  other 
uniform  motion.  But  for  anv  other  motion  of  the  same  kind, 
an  equation  of  the  same  form  may  be  used,|but  with  a  different 
value  of  the  constant  c.  It  is  in  fact  impossible  to  give  a 
general  formula  for  uniform  motion  with  only  the  two  con- 
ceptions of  distance  and  time.  But  if  we  employ  also  a  third 
conception,  7t,  proportional  to  the  ratio  of  distance  to  time,  we 
obtain  the  formula  „ 

1^^c\, (2) 

Avhich  is  sufficient  for  any  uniform  motion.  This  conception 
(/d)  is  of  course  that  of  velocity.  If  from  any  i)articular  uni- 
form motion  we  determine  the  value  of  the  constant  e,  we  are 
able  to  calculate  from  the  formula  (2)  the  value  of  any  one  of 
the  three  quantities  when  the  values  of  the  two  other  quantities 
are  given. 

Equation  (2)  may  be  regarded  as  the  general  formula  of 
uniform  motion  ;  but  it  may  also  be  regarded,  on  the  other 
hand,  as  an  equation  defining  the  conception  of  velocity,  if  we 
take  the  conceptions  of  space  and  time  as  already  in  any  way 
defined.  Each  new  conception  in  physics  may  be  defined  by 
an  equation  containing  this  new  quantity,  together  with  other 
quantities  previously  defined.  Thus,  for  example,  the  con- 
ception of  acceleration  may  be  defined  by  the  equation 

6' 

which  relates  to  uniformly  accelerated  motion  with  zero  initial 
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velocity.     But   since  -  is  proportional  to  a  certain   velocity 
(viz.  the  final  velocity),  this  equation  may  be  better  written 

"  =  ^7 (3) 

In  order  to  extend  these  conceptions  to  every  case,  we  must 
often  take  account  of  infinitesimals.  Thus,  for  example,  to 
extend  the  conception  of  velocity  to  the  case  of  motion  not 
uniform,  it  must  be  defined  by  the  difterential  equation 

''=4: w 

Acceleration,  when  not  uniform,  is  defined  by  the  equation 

dh  , . . 

''='di ^^> 

But  even  in  these  new  forms  the  equations  express  the  same 
things  as  in  their  simpler  form.  Velocity  is  proportional  to 
the  increase  of  distance,  and  acceleration  to  the  increase  of 
velocity  in  the  unit  time.  The  conceptions  of  force  {k)  and 
mass  {m)  are  connected  by  the  equation 

k=cma (6) 

This  equation  may  be  regarded  as  a  definition  of  force,  if  mass 
be  taken  as  a  conception  previously  defined — or,  on  the  other 
hand,  as  a  definition  of  mass,  if  the  conception  of  force  has 
been  first  defined  in  any  way.  Each  additional  conception  is 
defined  by  a  separate  equation.  Moreover,  these  quantities 
may  be  connected  by  equations  distinct  from  the  defining 
equations  which  express  natural  laws.  Thus,  for  example,  the 
Newtonian  law  of  gravitation  gives  the  equation  connecting 
length,  mass,  and  force, 

^=ejj,, (7) 

where  k  denotes  the  force  with  which  a  mass  ni  attracts  an 
equal  mass  at  a  distance  L. 

2.  We  have  thus  a  certain  number  (p)  of  distinct  equations 
in  which  q  quantities  occur.  Each  equation  may  contain  a 
constant.  The  units  of  the  different  quantities  may  be  chosen 
at  pleasure  ;  the  numerical  value  of  the  constant  in  an  equa- 
tion depends  on  the  units  of  the  quantities  occurring  in  the 
equation.  If,  for  example,  we  determine  the  constant  of  equa- 
tion (2)  from  the  velocity  of  light,  and  take  the  geographical 
mile  as  unit  of  length,  the  second  as  unit  of  time,  and  the 

G2 
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velocity  of  light  as  the  unit  of  velocity,  we  must  put  .s  =  40000, 
t=l,  /l  =  1  ,  hence  c  =  Tj-TTTTT^.  Equation  (2)  becomes  there- 
fore  ^i=  jJimrT'  ^^  a  =  ^0000  ht  :  which  holds  good  for  any 

uniform  motion  so  long  as  distance,  time,  and  velocity  are 

expressed  in  the  units  chosen.     But  if  we  take  as  unit  of 

length  a  cjuadrant  of  the  earth's  meridian  (1350  geographical 

miles)  without  changing  the  other  units,  then  we  must  put 

40000      800       ,,,  ,     ,     ,  ,,        ,       27 

s=  -.  n~r,  —  ^^^^?  itwd  the  constant  c  has  now  the  value  ^7^7:. 
looO        27 '  800 

As  the  constants  of  the  equations  thus  change  with  the  units, 
so,  conversely,  by  choosing  appropriate  units,  particular  values 
may  be  given  to  the  constants.  If  we  choose  the  units  so  as 
to  make  certain  constants  equal  to  unity,  the  corresponding 
eqiiations  assume  the  simplest  form,  and  the  constants  disap- 
pear from  them.  Units  so  chosen  are  termed  absolute  units, 
and  form  an  absolute  system.  If  we  assume  that  p  (the  num- 
ber of  equations)  is  smaller  than  q  (the  number  of  quantities), 
then  we  may  eliminate  all  the  constants  by  choosing  the  units 
properly;  q—p  units  remaining  imdetermined,  and  p>  units 
having  values  determined  bv  the  condition  that  each  constant 
is  equal  to  unity.  But  if  we  wish  to  have  more  than  q—p 
units,  say  q—p  +  x  undetermined,  then  a;  constants  must  be 
retained,  which  are  then  to  be  considered  as  independent  con- 
ceptions. Let  us  take  a  few  examples.  The  four  conceptions 
distance,  time,  velocity,  and  acceleration  are  connected  by 
the  equations  (2)  and  (3).  If  Ave  wish  to  eliminate  the  two 
constants,  we  must  take  as  unit  of  velocitv  the  velocity  of  the 
uniform  motion  in  which  unit  distance  is  described  in  unit 
time ;  the  unit  of  acceleration  must  be  the  acceleration  of  a 
uniformly  accelerated  motion  in  which  the  velocity  increases 
or  diminishes  in  unit  time  by  unit  velocity. 

Then  equations  (2)  and  (3)  may  be  written  as  follows: — 

'-I' (») 

'^=p (") 

and  similarly  equations  (4)  and  (.5)  become 

''=1' <"') 
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Of  tlie  four  units,  anv  two  are  chosen  at  pleasure.  If  we 
choose  for  units  of  length  and  time  the  metre  and  the  second 
respectively,  then  the  unit  of  velocity  becomes  the  velocity  of 
a  uniform  motion  in  which  1  metre  is  described  in  1  second ; 
and  if  the  velocity  of  uniformly  accelerated  motion  change  by 
one  unit  of  velocity  in  one  second,  then  its  acceleration  is 
unity.  But  if  we  arbitrarily  choose  the  second  and  the  velo- 
city of  light  as  units,  then,  according  to  equation  (8),  the  unit 
of  length  is  the  distance  (40,000  geographical  miles)  which 
light  traverses  in  one  second.     The  corresponding  acceleration 

.,,  1                     .,            40000  X  7420  ^.  ,        ,, 

will  be,  as  we  easily  see,  ^-^ times  as  great  as  the 

acceleration  due  to  g-ravitv.  We  need  not  follow  out  the  two 
other  possible  combinations. 

By  choosing  suitable  units  of  mass  and  force  we  may  elimi- 
nate the  constants  of  equation  (6),  which  assumes  the  form 

k=ma (12) 

The  six  quantities — space,  time,  velocity,  acceleration,  force, 
and  mass — are  connected  by  the  four  equations  (2),  (3),  (6), 
and  (7);  if  we  wish  to  eliminate  the  four  constants,  we  must 
retain  the  four  units  already  determined.  Equation  (7) 
assumes  then  the  form 


111? 


^■=p (13) 

The  units  of  mass  and  force  must  be  chosen  so  that,  on  the 
one  hand  (equation  12),  unit  force  communicates  unit  accele- 
ration to  unit  mass,  and  so  tliat,  on  the  other  hand,  unit  mass 
attracts  an  equal  mass  at  unit  distance  with  unit  force.  Of 
the  six  units  any  two  may  be  chosen  at  pleasure.  But  if  we 
wish  to  choose  three  units  at  pleasure — say  those  of  length, 
time,  and  mass — then  we  must  retain  one  constant,  for  ex- 
ample that  of  equation  (7)  (the  ''constant  of  attraction"); 
for,  since  the  units  have  been  some  of  them  chosen  at  pleasure, 
and  some  of  them  determined  by  means  of  the  three  remaining 
equations,  the  constant  of  the  equation  in  question  does  not 
usually  become  unity.  We  may  then  regarcl  this  constant  as 
a  quantity  defined  by  the  equation 

^•=^ (14) 

If  we  wish  to  choose  four  units  at  pleasure,  say  those  of 
length,  time,  force,  and  mass,  we  must  retain  one  more  constant, 
for  example  that  of  equation  (6). 

By  the  introduction  of  absolute  units  the  equations  of  defi- 
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nition  are  much  sim]>]ified  ;  since  the  constants  of  the  equa- 
tions are  partly  ehminated,  partly  regarded  as  new  concep- 
tions, it  may  be  said  that  the  equations  from  which  an  absolute 
system  is  derived  contain  no  constants — that  is,  no  numerical 
factors;  each  side  of  the  equation  has  only  one  term.  We 
will  call  these  equations  the  fundamental  equations.  Together 
with  these  equations  there  occur  in  physics  a  large  number  of 
equations  or  formulae;  but  these  are  not  distinct  from  the  fun- 
damental equations,  but  are  formed  from  them  by  various 
combinations  and  methods  of  calculation,  integration,  and  so 
forth  :  they  are  therefore  not  so  simple  as  the  fundamental 
equations;  the  two  sides  may  contain  several  terms,  into  which 
various  numerical  factors  enter.  It  is  necessary  in  our  choice 
of  units  not  to  lose  sight  of  these  equations  derived  from  the 
fundamental  equations  ;  only,  in  using  them,  we  must  express 
the  quantities  in  the  units  obtained  from  the  coi'responding 
fundamental  equations.  If,  for  example,  we  employ  the  for- 
mula for  centrifugal  force, 

,      mt 


ill'' 


we  must  express  k,  m,  h,  and  the  radius  of  curvature  r  in  the 
units  which  correspond  to  the  fundamental  equations  (8),  (9), 
and  (12). 

In  the  same  way,  the  general  equation  for  uniformly  acce- 
lerated motion, 

$■=11^1  + \at-^, 

requires  the  units  for  s,  t,  h,  A^,  and  a,  which  are  obtained 
from  the  fundamental  equations  (8)  and  (9). 

3.  According  to  what  has  been  explained^  in  an  absolute 
system  certain  units  may  be  chosen  at  pleasure  ;  these  are 
i evmed  fundamental  nnits.  The  magnitudes  of  all  the  other 
units  are  determined  by  the  condition  that  the  constants  in 
certain  equations  of  definition  are  to  be  equal  to  unity  :  such 
units  are  therefore  termed  derived  units^.  We  see  that,  in  con- 
sequence of  the  mode  in  which  the  absolute  units  are  deter- 
mined, the  fundamental  equations  will  be  satisfied  if  in  them 
we  replace  the  quantities  by  their  units.  If,  for  example,  we 
take  equation  (8)  for  velocity,  it  will  also  hold  good  if  Ave 
replace  the  quantities  by  their  respective  units.  But  if  we  do 
this  in  the  ordinary  way,  by  putting  /i  =  l,  s  =  l,  and  ^  =  1,  avo 
arrive  at  the  identity  1  =  1,  Avhich  is  of  no  further  use  to  us. 
But  if  we  put  s—  unit  length,  t=  unit  time,  h=  unit  velocity, 

*  Kohlrausch,  Leitfaden,  3rd  ed,  p.  20G ;  Maxwell,  '  Treatise  on  Elec- 
trioity  and  INIaonietism,'  i.  pp.  2  it  5, 
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wo  obtain  the  relation 

unit  lenofth . 


unit  velocity  =  - 


unit  time 


?'.  e.  unit  velocity  and  the  quotient   — .,  ,.  '^  -   are   identical 

^  unit  tune 

magnitudes;  and  we  may  therefore  regard  this  quotient  as  the 

name  of  the  unit  of  velocity,  if  this  unit  is  derived   from  the 

units  of  length  and  time.     But  if  we  take  the  metre  as  the  unit 

of  length  and  the  second  as  the  unit  of  time,  then  the  velocity 

inGtrG 

derived  from  these  units  must  be  called  r,  which  means 

second' 

that  a  velocity  equal  to   10  such  units  of  velocity  is  to  be 

.,,       -1^  metre 

written  10 ^ 

second* 

The  function  — .,  ..  ^ —  is  called  by  Maxwell*  the  dhnen' 
unit  time 

sions  of  the  unit  of  velocity.  If  in  all  the  fundamental  equa- 
tions we  replace  quantities  by  their  units,  we  obtain  a  system 
of  equations  according  to  which  the  absolute  units  are  functions 
amongst  themselves  of  certain  fundamental  units.  These 
functions,  which  are  obtained  by  solution  of  these  last-named 
equations,  are  the  dimensions  or  names  of  the  derived  units. 

For  the  sake  of  brevity  we  will,  as  a  rule,  denote  the  units 
by  the  same  symbols  as  the  quantities  ;  but,  to  avoid  confu- 
sion, we  will  include  the  symbols  of  units  in  brackets.  Thus 
\_r\  will  denote  the  unit  of  length. 

As  an  example  of  the  different  systems  of  units  and  dimen- 
sions, we  will  consider  the  group  of  the  six  conceptions  of 
length,  time,  velocity,  acceleration,  mass,  and  force.  We  will 
choose  [/],  [f],  and  [?n]  as  fundamental  units;  then  from  the 
four  equations  (2),  (3),  (6),  (7)  we  may  omit  three  constants, 
say  those  of  the  first  three  equations  ;  and  so  we  obtain  as 
fundamental  equations  the  equations  (8),  (9),  (12),  (7).  By 
substitution  of  the  units  w'e  obtain  the  following  relations  : — 

By  solution  of  these  equations  we  obtain  the  following  dimen- 
sions:— 

m=[^],  w=a,  M=[^J,  [.]=[a'.(ic) 

If  we  keep  the  same  fundamental  equations,  but  choose  [ZJ, 

*  'Treatise  on  Electricity  cand  Magnetism,' i.  p.  2.     Compare  Kohl- 
rausch,  Leitfaden,  p.  207. 
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[^],  and  [I']  for  fundamental  units,  the  dimensions  become 

m=0-]>  w=H>  ['»]=[-;^],  w=[^J.  (17) 

Ifj  on  the  other  hand,  we  leave  the  constant  of  equation  (6) 
standing,  we  obtain  new  fundamental  equations  (8),  (9),  (6), 
and  (13)  for  a  system  with  three  fundamental  units,  and  the 
equations  of  the  units  become 

v.'here  C2  denotes  the  constant  of  equation  (6).  If,  again,  we 
choose  [/],  [t'j.  and  [??;]  as  fundamental  units,  we  obtain  the 
dimensions 

[/,]=['-],  H =[;.],  [/.■]=[;!],  M=['^'].(i9) 

We  see  that  the  dimensions  of  units  change  not  only  with 
change  of  the  fundamental  units,  but  also  Avhen  the  funda- 
mental units  remain  the  same  and  the  fundamental  equations 
are  taken  differently. 

If  we  wish  to  regard  only  [/]  and  [f]  as  fundamental  units, 
all  four  constants  are  eliminated;  the  equations  (8),  (9),  (12), 
and  (13)  become  fundamental  equations,  and  the  dimensions 
become 

[h]  =  [^] ,     [«]  =  0 ,     bn]  =  g] ,  and  [/.]  =  g] .  (20) 

On  the  other  hand,  if  we  assume  four  fundamental  units,  we 
must  leave  two  constants  standing.  If  we  take  equations  (8), 
(9),  (6),  and  (7)  as  fundamental  equations,  the  equations  of 
units  become 

If  [/],  [/],  [?>?],  and  [/i]  are  the  fundamental  units,  the  dimen- 
sions become 

[/']  =  [[],     W=[y.     h]=gj,     M  =  g]-.(22) 

The  choice  of  fundamental  units  is  limited  onlv  bv  the  consi- 
deration  that  they  must  not  all  occur  in  the  same  formula. 
Hence  we  see  from  equation  (15)   or   (IG)  that  [/]   [/]   and 

cannot  be  fundamental  units  atone  and  the  same  time:  on  the 
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other  hand,  the  last-mentioned  group  may  be  employed  for 
this  purpose  in  the  S3'stem  corresponding  to  equation  (8). 

4.  It  is  very  important  to  be  able  to  pass  from  one  system 
of  units  to  another,  and  to  determine  the  ratio  between  the 
units  of  the  two  systems.  This  problem  presents  the  following 
special  cases: — 

I.  When  the  new  system  contains  one  new  fundamental 
unit  besides  the  fundamental  units  of  the  old  system.  Let  L 
be  the  value  in  the  old  system  of  the  new  fundamental  unit 
defined  bv  the  equation 

L  =  M''N^ (23) 

where  M  and  N  are  quantities  defined  independently  of  L. 
As  the  unit  for  L  in  the  new  system  may  be  chosen  at  plea- 
sure, this  quantity  is  expressed  b}'  a  new  number  Li;  but  the 
numerical  values  of  ]\I  and  N  are  not  altered.  Equation  (23) 
is  therefore  not  satisfied  by  L,  M,  and  N,  but  must  be  written 
with  a  constant  a, 

Li  =  «M''N' (24) 

The  system  of  fundamental  equations  is  therefore  changed  : 
the  number  of  equations  remains  the  same  ;  but  the  number  of 
quantities  is  increased  by  one.  Since  we  must  regard  ex.  as  a 
new  conception  defined  by  equation  (24),  we  must  therefore 
increase  the  number  of  fundamental  units  by  one.  Conse- 
quently the  relations  of  the  units  as  well  as  their  dimensions 
are  partially  altered.  By  comparing  equations  (23)  and  (24) 
we  find  that 

L=^, (25) 

« 

whence,  since  the  units  are  inversely  proportional  to  the  nume- 
rical values  of  a  given  quantity,  it  follows  that 

[L]  =  ^^[LJ, {25a) 

where  n  is  the  numerical  value  of  a. 

The  ratios  of  the  remaining  units  are  easily  obtained  from 
the  other  fundamentiil  equations  without  alteration.  It  is  to 
be  remarked  that  the  constant  a  is  in  general  not  an  abstract 
number,  but  that  the  dimensions  of  its  unit  are  given  by  the 
equation 

[L,]=[«M"N^] {2Q) 

If,  for  example,  we  wish  to  pass  from  the  system  (15)  into  the 
system  (21),  where,  besides  the  three  fundamental  units  [/], 
[t] ,  and  [?n] ,  we  take  [/;]  also  as  a  fundamental  unit,  we  must 
start  from  the  equation  (12),  which  defines  the  conception  k. 
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This  equation  becomes 

We  have  between  the  old  unit  of  force  and  the  new  one  the 
relation 

where  n  denotes  the  numerical  value  of  C2.     The  new  dimen- 
sions of  the  units  are  determined  by  equation  (22). 
Example  1. — Let  us  take  as  the  old  unit  of  force 

r,-,      ,  metre  X  kilopramme 

■-  -*                 (secondh- 
and as  new  unit  of  force  the  weight  of  a  gramme  at  the  Obser- 
vatory in  Paris  ;  then,  by  equation  (2),  since  ?»  =  0*001  kilo- 
gramme, and  «  =  <:/  =  9*808  7 ttvj 

^  ^  "  (second)- 

r7  T     /^  /^/^no/^o  metre  X  kilogrammc      „  aa^oao  n^ 

m  =0-009808  7 ^2 =  0*009808  r^^l. 

^  ^-^  (second)-^  ■-  -" 

Hence  h=  0-009808'  ''^ii<^^^''^*^6'^"^®^"^''^ionsofc2are        .  ^    \, 
the  complete  value  of  the  new  constant  becomes 

1         (second)-  x  gramme  (Paris) 


^2  = 


0-009808         metre  x  kilogramme 


if  we  call  the  new  unit  of  force  a  gramme  (Paris).     We  have 
further, 

1  gramme  (Paris)  =  0*009808  "^^"^  ^  ^f^,^""'.    "l 
*=>  ^         ^  (second)'' 

.1*1  1  {   (27) 

^  metre  x  kilog.  i  /t>    •  \ 

1  —. rvr^  =  n  AAnc^/w  gramme  (Pans).  J 

(second)^  0-009808  *=  \  j  j 

II.  One  of  the  fundamental  units  of  the  old  system  is  a 
derived  unit  in  the  new  system ;  the  remaining  units  are  com- 
mon to  both  systems.  Since  the  new  system  contains  one 
fundamental  unit  less,  it  must  also  contain  one  constant  less. 
The  new  system  is  therefore  obtained  by  eliminating  a  constant. 

Let 

«L  =  M"N'' (28) 

be  the  equation  containing  the  constant  a  to  be  eliminated. 
In  the  new  system  this  equation  assumes  the  form 

Li  =  M''N'", (29) 

and  defines  the  conception  Lj ;  the  dimensions  of  its  unit  are 
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given  by  the  equation 

[Li]  =  [M*N^'] (30) 

Now  we  find 

[L]  =  4Li], (31) 

where,  again,  n  is  the  numerical  value  of  a.  If  we  introduce 
into  this  equation  the  dimensions  of  [Lj]  as  well  as  the  dimen- 
sions of  [L],  if  this  unit  is  also  a  derived  unit  in  the  old 
system,  Ave  obtain  at  any  rate  a  relation  into  which  the  funda- 
mental unit  enters,  which  is  to  be  made  a  derived  unit.  We 
can  then  determine  from  equation  (31)  the  ratio  of  the  units 
in  question  in  the  old  and  new  systems. 

If,  for  example,  we  wish  to  pass  from  the  last  system  with 
four  fundamental  units  to  system  (17),  where  [/],  [<],  and 
[/t]  are  fundamental  units,  Ave  must  make  [»?]  a  derived  unit 
and  eliminate  the  constant  C2  from  the  equation  k^^c^ma.  We 
accomplish  this  by  putting  €2111=1111,  whence 

[m]=n[wi], 
Avhere  n  is  the  numerical  value  of  c^.     The  new  unit  of  mass 
[nil],  according  to  equation  (17),  has  the  dimensions     -7-    • 

If  AA'e  retain  the  last  units,  Ave  have 

_         1  sec.^  X  gramme  (Paris) 

^~  0-009808     metre  X  kilogramme 
and 

1         sec.'^  X  gramme  (Paris),  -, 


1  kilooramme  = 


0-009808  metre 


,  sec.- X  gramme  (Pans)      „  nAnono  1  -i 

1 ^^ 7 ^^ '  =0-009808  kilogramme. 

metre  " 


(32) 


If  AA'e  Avish  to  make  [t]  and  not  [m]  a  derived  unit,  Ave  must 
put  C2(i  =  ax,  so  that  the  equation  k= 02^10  becomes  k  =  viai, 
defining  the  conception  cii. 
We  obtain  then 

and  by  introducing  the  dimensions  of  [a]  and  [a,], 
Avhence 
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Retaining  the  former  units,  we  have 

1  seeond=x/0<)09808    '^^^^^ 


gramme  (Paris)- 

-,  metre  2  x  kiloffr.=  1  j 

1 s —  =     .  =  second. 

gramme  (Paris)*      n/O-009808 


•     (33) 


In  the  same  way  we  find,  if  [?]  is  to  be  made  a  derived  unit, 


-.        ,      _         1         gramme  (Paris)  x  sec.^  ^ 
metre  -  (-,.qqc,808  klb^r^  ' 

-  gramme  (Paris)  X  sec.^      a  AAnoAo       l 

1  ^^- r^j ^ =  0-009808  metre.  J 

kilogr. 


.(34) 


It  is  to  be  remarked  that  the  relations  (27),  (32),  (33),  and 
(34)  may  be  regarded  as  determinations  of  the  four  units  from 
any  one  of  them. 

III.  By  successive  employment  of  the  two  preceding  me- 
thods we  are  able  to  exchange  one  fundamental  unit  for 
another,  while  retaining  the  same  fundamental  equations. 
In  one  of  the  examples  given,  we  have  in  fact  exchanged  the 
unit  of  mass  (kilogramme)  for  the  unit  of  force  (gramme, 
Paris)  while  retaining  the  two  remaining  itnits  (metre  and 
second). 

lY.  By  successively  employing  methods  I.  and  II.,  we  may 
change  the  system  of  fundamental  equations  by  transferring  a 
constant  from  one  equation  to  another  without  altering  the 
number  of  the  fundamental  units.  If,  for  example,  we  wish 
to  pass  from  the  system  (15)  to  the  system  (18),  we  first  of 
all  eliminate  the  constant  of  equation  (7)  by  method  (II.) j 
and  then  introduce  a  constant  into  equation  (12)  by  method  I. 
We  may  of  course  adopt  the  reverse  method.  The  calculation  is 
most  simple  if  it  is  possible  to  retain  the  same  fundamental  units. 
If,  for  example,  in  the  system  of  equations  (8),  (9),  (12),  and 
(7)  the  constant  is  to  be  transferred  from  equation  (7)  to  equa- 
tion (8),  we  must  make  the  following  substitutions,  [/],  [//?], 

.  k 

and  [t]  being  the  fundamental  units  : — in  equation  (7),  -  =^^J ; 

in  equation  (12),  k  =  kic,  and  hence  -  =ai;   in   equation    (9), 

h  .         ^ 

0  =  0.^0,  and  hence  -  =Ji^i  and  in  equation  (8),  h  =  hic.     We 

obtain  thus  tlie  fundamental  equations 

,         1  s  h       J  J        Wi-* 
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and  the  dimeusious  become 

as  before. 

5.  The  rules  we  have  given  make  it  possible  to  pass  from 
one  system  of  units  to  another.  The  process,  however,  is 
somewhat  troublesome.  "When  the  magnitude  of  a  physical 
conception  is  given  in  one  system  of  units  and  we  wish  to  find 
its  numerical  value  in  another  system,  the  following  is  in 
all  cases  the  safest  and  quickest  method  of  arriving  at  the 
result  * : — 

If  we  assume  three  fundamental  units  and  denote  them  by 
P,  Q,  R,  then  the  dimensions  of  a  derived  unit  N  are  of  the 
form 

where  a,  b,  c  are  positive  or  negative  rational  exponents.  If 
we  assume  units  of  other  magnitudes  p,  q,  r,  and  if  T  —  ep, 
Q^=fqj  R  =  (/r,  where  e,/,  and^  are  constants,  then 

If  ^^,  q,  and  )•  are  fundamental  units,  the  new  derived  unit  n 
has  the  dimensions  jj",  </,  r%  and 

or  the  given  unit  N  is  t"-f''(f  times  as  large  as  the  new  unit  n. 

If  one  of  the  new  units,  for  example  />,  be  itself  a  unit  derived 
from  the  units  g,  v.  and  a  new  fundamental  unit  s^  by  means 
of  the  formula 

then 

The  new  unit  n  is  determined  by  the  formula 

consequently  in  this  case  also 

We  obtain  thus  the  following  practical  rule  for  obtaining 
the  value  of  a  unit  referred  to  new  fundamental  units: — In  the 
dimensions  of  the  unit  replace  the  old  fundamental  units  by 
their  values  in  the  new  fundamental  units,  and  carry  out  the 
algebraic  operations  indicated  as  if  the  names  of  the  units 
were  algebraic  magnitudes.  This  rule  gives  not  only  the 
ratio  of  the  old  unit  N  to  the  new  unit  /;,  but  also  the  dimen- 
*  Compare  Kohlrausch,  Leitfaden,  p.  207. 
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sions  of  the  new  unit.     Of  course  the  rule  holds  good  if  the 

number  of  fundamental  units  is  greater  or  smaller  than  three. 

Example  2. — The  unit  of  force  derived  from  the   metre, 

J        ,  ,  .,                       -,  metre  x  kilogr.     ^p  j.  i 

second,  and  kilogramme  =  1 ^ — ^— .    it  now  we  take 

the  centimetre,  the  gramme,  and  the  minute  as  new  funda- 
mental units,  we  put 

metre  =  100  centimetres,  kilogramme  =  1000  grammes, 
second  =  -^^  minute, 
and  so  obtain 

^  metre  x  kilogr.  _  100  centimetres  x  1000  grammes 
sec.^  ~  (g^Q  minute)^ 

1/^n     1f^r^,^     ,-.rv)/     o,'/^     1  .,f.s  centim.  X  gramme 

=  100x  1000  X  60^  (  =  3b0xl0*') ,    .     ^  .^ . 

^  ^        (minute)-'         » 

that  is,  the  first  unit  of  force  is  360  million  times  larger  than 

the  second. 

If  here  we  wish  to  exchange  the  former  unit  of  mass,  the 

1  .,  /"      j^i       1     •      1        .;    (sec.)'^  X  gramme  (Paris) 

kilooramme,  tor  the  derived   unit  ^ — ^ , 

®  metre 

then  by  equation  (32)  we  obtain 

1  (sec.)^  X  nrm.  (Paris) 

metre  x  x  -^ - — ^^ - 

.  metre  X  kilogr.  _-  0-009808  metre 

JL  s~"  "  —  -L 


sec.^  (sec.)'-^ 

=  TwAfvooTTo  gramme  (Paris).  Compare  equation  (27). 

It  is  clear  that  the  same  rule  holds  for  the  reduction  of  any 
magnitudes  to  new  fundamental  units. 
Example  3. 

1  Daniell  =  112  x  10"* ^ — 5^—  (Gauss- Weber  system) 


=  112x10' 


sec. 
,(0-001  metre)*  x  (O'OOOOOl  kilogr.)^ 


sec.^ 


112  X  10   metre^  x  kilogr.  = 
10^  X  10^  sec 


2 


- ,  ^     ^  ^3  metre'  x  kiloa;r. 
=  112  X  10^ TT— 2— ^— 


sec 

3 

metre  ^  x 


=  112x10^ 


/       1         sec.'^  X  grm. (Paris) Y 
\0-009808  metre  / 


sec.^ 


112  xlO^     metre  X  gramme  (Paris)^    ,        .,  ,. 

= — s _> — - — '-^  (gravitation 

V^O-009808  sec.  ''^ 

system,  Equation  32). 
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By  the  aid  of  this  rule,  the  ehmination  of  a  constant  is 
more  easily  effected  than  as  given  abov'e  by  II.  If  the  con- 
stant to  be  eliminated  has  the  value 

«  =  n[P''Q*Il^J, 

where  [P],  [Q],  and  [R]  are  the  fundamental  units,  and  if 
we  wish  to  make  the  fundamental  unit  [P],  for  example,  into 
a  derived  unit  and  at  the  same  time  to  eliminate  the  constant, 
i.  e.  to  make  it  eqvial  to  unity,  we  must  put 

[P]=,r«[Q-^  R-5], 

where  a.  becomes  equal  to  unity. 

If,  again,  we  wish  to  eliminate  the  constant 

_        1  sec."  X  gramme  (Paris) 

^*^~ '0-009808    metre  x  kilogramme 

introduced  into  example  1  by  making  the  unit  of  mass  a  de- 
rived unit,  we  do  so  by  putting 

-  ,  .,  1  sec.'^  X  gramme  (Paris) 

1  kilogramme  =  ,.  n/^no/->6 1 ^^ 

^  0-009808  metre 

(compare  equation  32)  ;  Cj  becomes  equal  to  unity,  and  we 
have  a  system  in  which  the  only  fundamental  units  are  the 
units  of  length,  time,  and  force.  In  order  to  make  the  unit 
of  time  a  derived  unit,  we  put 

-I         2     /^  MAnono  "16^1'e  X  kilogr. 

1  sec.  =0-009808 ,^    .'^. 

grm.  (raris) 

or 

1  y^  AAno/^u  wietre"  kilogr.^ 

1  sec.  =\/0-009808 1  ,t,    .  ^ 

grm. 2  (Pans) 

(compare  equation  33),  and  so  on. 

We  may  follow  a  similar  rule  in  using  a  physical  formula 
to  find  the  value  of  an  unknown  magnitude.  We  introduce 
the  numerical  values  of  the  known  magnitudes  into  the 
formula,  together  with  the  appropriate  dimensions  or  names  of 
the  units,  and  solve  the  equation,  thus  finding  at  once  the 
value  of  the  unknown  magnitude  and  its  dimensions. 

Example  4. — Let  us  determine  the  value  of  the  constant  c.^ 
from  the  equation  ki  =  e-2ina  (compare  example  1).  If  the 
force  ki=il  gramme  (Paris)  act  upon  the  mass  ««  =  0-001  kilo- 
gramme, it  produces  the  acceleration 

a  =  g  (Paris)  9-808  i"^^. 
"^  ^  '  second" 
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If  we  put  these  values  in  the  equation  given,  we  have 

1  gramme  (Paris)  =  f2  x  0*001  kilogramme  x  9*808 jd 

f^  '  ^  o  sec.- 


metre  x  kilogramme 
gramme  ( Jf ans)  =  U'UUysus 

and 


1  gramme  (Paris)  =  0-009808  T  x  c^, 

°  sec." 


_        ]  sec."  X  gramme  (Paris) 

^~  0*009808    metre  x  kilogramme 

The  rule  given  above  is  also  of  service  in  the  exchange  of 
units,  as  is  shown  in  the  following  examples: — 

Example  5. — Let  the  velocity  of  light  be  taken  as  funda- 
mental unit  instead  of  the  unit  of  time.     We  know  that 

-V7  1     -L      rv   1^     ^  A  AAA  M'60graphical  miles 

Velocity  of  light  =  40,000  ^ — ^ — £^ ^, • 

second 

Then  we  have  the  velocity 

^  metre  _     1     geogr.  mile  _  1  yelofliirht 

second  ~  7420      second      ~  7420  x  40,000  ^    ' 

and  the  acceleration 

^  ^^^^  metre      ,.  .,..^  (metre)-  1 

9-8087 v>  =  ^**^<J^^7 vT-  X  — -- 

(sec.)-'  (sec.)-'        metre 

-  9-808 (velocity  of  light)- 

~  7420^  X  40,000^  metre 

From  this  last  nunil)er  we  may  obtain  the  ordinary  value  as 
follows: — 

9-808  vel.  of  light^  _  9-808  x  40,000'-^  geogr.  mile'^ 

7420-  X  40,000"'        metre       ~  7420"  x  40,000-^  sec.^  x  metre 

_  9-808  x  40,000-  x  7420-  ^^.g^g  metre 


7420-  X  40,000'-'  sec.- 

Example  6. — Let   the  acceleration  due  to  gravity  (Paris) 

_.9-j508 -_  be  taken  as  the  fundamental  unit  instead  of  the 

sec.'' 


unit  of  time.     We  obtain  then,  for  example, 

__  metre  xkilogr.  (Paris)      _-niet.'»  j 

X  kilogr.(Paris)  =  75(-^^  j  x  met.''  x  kilogr.(Paris). 
=  acceleration  due  to  gravity  (Paris)*  x  metre-' 


75 


v/9'808  T,         /T>    •  X 

X  kilogr.  (Pans). 
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6.  The  systems  of  units  most  frequently  employed  in  physics 
are  that  due  to  Gauss  and  Wilhelm  Weber,  whose  fundamental 
units  are  those  of  length,  time,  and  mass,  and  that  employed 
in  many  text-books  {e.  g.  in  Wiillner's  Experimental- Physik), 
as  well  as  by  engineers,  which  has  for  fundamental  units  the 
units  of  length,  time,  and  force.  In  this  last  system  the  gra- 
vitating force  of  a  unit  of  weight  is  taken  as  the  unit  of  force. 
This  system  may  therefore  be  termed  the  gravitation  system. 
The  Newtonian  equation  (7)  holds  good  for  this  system  with 
the  introduction  of  a  constant  (constant  of  attraction).  The 
examples  given  above  (examples  2  and  3)  show  how  a  quantity 
given  in  the  Gauss- Weber  system  may  be  transformed  into 
the  gravitation  system:  the  unit  of  mass  of  the  first  system 
must  in  general  be  replaced  by  the  derived  unit  of  mass  of  the 
second  system.  Conversely,  if  we  wish  to  pass  from  the 
second  system  to  the  first,  we  must  replace  the  unit  of  force 
by  the  derived  unit  of  force  of  the  first  system.  For  this  pur- 
pose we  employ  relationships  of  the  same  kind  as  equations 
(32)  and  (27). 

The  reduction  is  made  most  simply  by  employing  the  gravi- 
tating force  of  the  unit  of  mass  {m)  of  the  first  system  as  the 
unit  of  force  (Z,,)  of  the  second  system.     We  have  then 

and  hence  ^  .     .     ,     .    (35) 

where  g  expresses  the  numerical  value  of  the  acceleration  of 

gravity  at  the  place.     Since  the  name  of  unit  of  Aveight  is 

employed  both  for  the  unit  of  mass  and  for  the  unit  of  force, 

these  units  may  be  easily  distinguished  from  each  other  by 

attaching  to  the  name  of  the  unit  of  force  the  name  of  the 

place  where  the  gravitating  force  of  the  unit  of  weight  is  equal 

to  the  unit  of  force,  as  we  have  done  in  previous  examples. 

Examjjle  7. 

^      ,  „r  metre  X  kilogramme  (Parrs) 

Une  horse-power  =75 ^ i l 

^  second 

(gravitation  system) 

metre  X  9-808  "^^^^^^^li^g^- 
„  -  second' 

=  75 


''"  ="^75  X  9-808( ^  735-6)  °^^^^'^'^^i"g^- 

second'' 

(Gauss- Weber  system). 
The  chief  constant  of  the  two  systems  is  the  constant  of 
Phil.  Mag.  S.  5.  Vol.  14.  No.  86.  Aug.  1882,  H 
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attraction — which  is  equal  to  the  square  of  the  so-called  Gauss's 
constant.     The  value  of  this  constant  is  given  by  Gauss*  as 

semi-  maior  axis  of  earth's  oi'bit^ 

0-0172^ '^-- -, , • 

mean  day  X   sun  s  mass^ 

Hence  we  have  the  attraction-constant 

..  ^,,.^No  semi- major  axis  of  earth's  orbit 

^  ^  day-  X  sun  s  mass 

(0-0172)-'  X  (19,900,000y       geogr.  mile^ 
~      (86,400)'^  X  320,000       sec.^  x  earth's  mass 
_  (0-0172)2  X  (19,900,000)=' X  (7420)^  metre^ 

"(86,400)'^  X  320,000  x  |  x  3-14  x  ((3,370,000)^  x  6000  sec.-  x  kilogr 

615         metre^ 

~~  10^^  sec.'-^  X  kilogr. 

if  we  take  the  mean  mass  of  1  cubic  metre  of  the  earth  as  equal 

to  6000  kilogr.     The  force  with  which  a  mass  of  1  kilogr. 

attracts  an    equal    mass   at   a    distance   of   1    metre  is  then 

615  metre  x  kilogr.      rn        .         n         .i  i         n  .i 

:— ^ 5 — ^— .     It  we  transiorm  the  value  ot  the  con- 

lO^'*  sec.'' 

stant  of  attraction  into  the  gravitation  system,  we  obtain 
615        metre^  615  metre^ 


10^^  sec.^  X  kilogr.       10^^        ^  1     sec.^  x  kilogr.  (Paris) 

^^^'  ^  9-808  metre 

_  615  X  9-808 /_  604 \  metre^ 

"        10^3        [-  IQiVsec^x  kilogr.  (Paris)''" 

7.  Of  systems  with  four  fundamental  units,  that  with  fun- 
damental units  of  length,  time,  mass,  and  force  is  not  without 
interest.  In  order  to  obtain  such  a  system  we  must  retain 
two   constants  in  the   fundamental   equations   (2),  (3),   (6), 

*   Theoria  Motus  Corporum  Coelestium,  p.  2. 

t  WiillDer   {Lehrhuch  tier  Experimenial-Vhysih,  vol.  i.  1870,  p.  145) 
puts  the  mass  of  a  cubic  metre  of  the  earth  =0,  and  heuce  iinds  for  the 

6128 
attraction-constant  the  value  ~Tfa\ »   which   value,   if  the   unit   of  mass 

(  =  9'8U8  kilogr.)  employed  in  the  same  work  (vol.  i.  p.  59)  is  to  be 

retained,  is  ■    ^^^  times  too  e:reat,  and  must  be  altered  to 
'      9-808  ^       ' 

9-808      6128  ^  601 
1000^      10"       1012 
(very  nearly  the  same  as  given  above).     The  unit  of  mass, 
^sec.''xkilogr.(Paris)^Q.3QQ  ^ 
metre 

therefore  attracts  an  equal  mass  at  a  distance  of  1  metre  with  the  force 
601  ,  ., 
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and  (7).  If  we  choose  for  this  purpose  the  constant  of  equa- 
tion (6)  (the  force-constant)  and  that  of  equation  (7)  (the 
attraction-constant),  we  obtain  a  system  in  which  the  dimen- 
sions of  the  chief  units  are  ojiven  by  equation  (22).  We  have 
already  found  the  vahie  of  the  force-constant  c^  (example  1), 
namely 

1         (second)^  X  gramme  (Paris) 


C2  = 


0*009808        metre  x  kilogramme 
1        (second)^  x  kilogramme  (Paris) 


9 "808  metre  x  kilogramme 

According  to  equation  (22),  the  dimensions  of  the  attraction- 

constant  are  [<"i]  =  ^    ;  we  may  find  its  ncAV  value  as  fol- 
lows:— 

_  615  (metre )^        _  615   (metre)'''       metre  x  kilogz'. 

^'~  W  (sec'O  X  kilogr.  ~  KP  (kilogr.)^  ^       (second?" 

615    (metre)^  1       ,  .,         /t>    •  \  /         i.-       q-\ 

=  ^nvR  tVm \9  X  .,  o/>o   kilogr.  (Pans)  (equation  6d) 

10^^  (kilogr.)^      9-808  ^^     ^  /  v   i  / 

615         _  (metre)^  X  kilogramme  (Paris) 


2 


10^^  X  9-808  (kilogramme) 

or 

_  627  (metre )^  x  kilogramme  (Paris) 

^'~  I(P  (kilograii^i^ 

Tlie  other  mechanical  equations  of  definition  would   remain 
unaltered.     Thus  we  should  have: — 

for  the  work  A,  the  relation  A  =  Ars,  with  the  dimensions 
for  the  vis  viva,  u=^ml^, 

["]  =  ['^] ; 

for  the  momentum,  q^=mli, 

a- 


m=[t']^ 


and  so  on. 

Such  a  system  has  this  advantage  for  a  beginner — that  he 
is  able  to  express  either  a  force  or  a  mass  in  units  of  weight, 
and  so  would  escape  the  reduction  (difficult  to  understand  and 
often  forgotten)  of  a  force  from  units  of  weight  into  units  of 
force  of  the  Gauss-Weber  system,  or  of  a  mass  from  units  of 
weight  into  units  of  mass  of  the  gravitation  system.  The 
following  circumstance  may,  however,  perhaps  be  considered 
inconvenient.  The  constant  of  force  passes  over  into  the  equa- 
tions which  give  the  connexion  between  work  and  change  of 

H2 
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vis  viva,  and  between  the  so-called  time-integral  of  force* 
k  (It  and  the  change  of  momentum,  as  well  as  into  certain  other 
mechanical  equations  which  are  derived  from  equation  {&). 
The  equations  are  as  follows: — 

^kdt  =  C2m{h—ho)  =  C2(q  —  qo), 
instead  of 

A=i(H— Wo), 

^kdt  —  q  —  go, 

in  the  usual  systems  with  three  fundamental  units.  That  the 
equations  in  question,  as  well  as  equation  (6),  are  free  from 
any  special  constant  in  the  usual  systems  is,  no  doubt,  to  be 
formally  mentioned ;  but  the  circumstance  is  not  of  practical 
importance.  For  physicists  often,  and  engineers  almost  always, 
express  both  forces  and  masses  in  units  of  weight,  and  the 
reduction  to  absolute  units  necessary  for  the  emplopnent  of 
the  ordinary  formulae  introduces  a  constant  in  a  disguised  form. 

8.  The  different  sj'stems  of  electrical  measurement  arranged 
by  Wilhelm  Weber,  which  are  connected  with  the  magnetic 
system  of  Gauss,  are  of  special  interest. 

We  have  the  following  equations  between  the  chief  concep- 
tions of  this  group  of  phenomena  : — 

fi'  =  cJcL'', (36) 

e''=ckU, (37) 

i=c'-, (38) 

^=^f' ^''^ 

^'  =  c^, (40) 

E  =  c^, (41) 

where  /u,  denotes  the  quantity  of  free  magnetism  or  strength 
of  a  magnetic  pole,  c  the  quantity  of  electricity,  and  i  the  cur- 
rent-strength; /  is  the  length  of  an  element  of  the  current- 
path,  L  the  distance  between  two  elements  of  the  current,  two 
magnetic  poles,  or  between  a  current-element  and  a  magnetic 
pole;  k  is  the  attraction  or  repulsion  between  current-elements, 
magnetic  poles,  or  electric  masses.  The  magnetic  pole  is  to 
*  Thomson  and  Tait,  '  Theoretical  Physics,'  §  29, 
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bo  supposed  to  be  in  the  line  drawn  from  the  centre  point  of 
the  element  acting  on  it,  and  at  right  angles  to  it  ;  the  two 
current-elements  which  act  upon  each  other  are  to  be  regarded 
as  parallel  to  each  other  and  at  right  angles  to  the  line  joining 
their  centres. 

The  complete  formulse  are 

ck='j^  sin  d, (39  a) 

oA-=  Y^  (cose— f  cos  ^  cos  ^i;     .     .     .     (40a) 

where  e,  d,  and  di  are  known  angles.  Equation  (41)  relates  to 
the  motion  of  a  closed  circuit  in  the  neighbourhood  of  cur- 
rents or  of  magnets  ;  i  is  the  strength  of  the  induced  current, 
k  the  electrodynamic  action  of  the  inducing  currents  or  mag- 
nets on  the  induced  conductor,  estimated  according  to  the 
direction  of  the  motion;  h  is  the  velocity  of  motion,  and  E  the 
induced  electromotive  force. 

Since  the  units  of  length,  time,  velocity,  and  force  are 
already  fixed  by  a  system  of  fundamental  equations,  we  have 
six  equations  connecting  the  four  new  conceptions,  /j,,  c,  i, 
and  E.  In  forming  the  corresponding  fundamental  equations 
we  must  therefore  retain  two  constants.  The  electrostatic  (or 
mechanical)  system  is  obtained  by  retaining  the  constants  of 
equations  (36)  and  (40).  In  the  electromagnetic  system  we 
retain  the  constants  of  equations  (37)  and  (40).  A  very  conve- 
nient system  is  obtained  by  retaining  the  constants  of  equations 
(38)  and  (40)  ;  this  system  may  be  called  the  Gauss- Weber 
system:  it  is  completely  worked  out  in  Kohlrausch's  Leitfaden. 
Lastly,  we  have  the  electrodynamic  system  with  the  constants 
of  equations  (37)  and  (3!;)).  The  values  of  the  constants  are  as 
follows  in  the  Gauss-Weber  system: — c  =  ^  (equations  40  and 

40  a),  and  c=  —  (equation  38),  where  <?o  is  the  total  quantity 

of  electricity  (positive  and  negative)  passing  per  second  with 
the  unit  current  of  this  system.  Weber  and  Kohh-ausch  have 
found 

o  1      -,  nin  millimetre^. 

*  Wiedemann,  Lehre  vom  Galvanistmis  mid  Elektroinagiietismm,  vol.  ii. 
div.  2.  p.  457.     Weber  himself  takes  into  account  only  one  form  of  elec- 

tncity,  and  puts  therefore  e^=      ^  (more   exactly   15-537  x  lO'") 

—  {Abh.  der  konigl.  sacks,  Ges.  der  Wissensch.  vol.  iii.      Also  in 

ZoUner,  Principien  einer  elektrodynamischen  Theorie,  pp.  93-131). 
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Bj  the  aid  of  IV.  we  easily  fiud  the  following  values  of  the 
constants  in  the  other  systems  : — 

Electrostatic  system, 

1  .  e^  . 

c=  -^  (equation  36),     c=  —  (equations  40  and  40a); 

electromagnetic  system, 

c=  -^  (equation  37),     c  =  ^  (equations  40  and  40a); 

electrodynamic  system, 

2  - 

c=  -^  (equation  37),     c  =  yy^2  (equations  39  and  39a). 

We  obtain  a  formula  of  induction  suited  for  practical  use 
by  replacing  the  force  k  in  equation  (41)  by  its  value  calcu- 
lated from  the  formula  (39  a)  or  (40a). 

Since  the  constant  of  equation  (41)  has  the  value  unity  in 
all  four  svstems,  it  follows  that  the  work  performed  by  the 
current  in  unit  time  is  equal  to  the  product  of  electromotive 
force  into  current-streng-th.  Moreover  the  equation  corre- 
sponding to  Ohm^s  law  which  determines  resistance  is  of  the 
same  form  in  all  three  systems. 

The  relations  of  the  chief  units  of  the  electromagnetic, 
electrodynamic,  and  electrostatic  systems,  together  with  their 
dimensions,  are  given  in  Prof.  Wiedemann's  Lehre  vom  Gal- 
vanismus  unci  Elekfromaf/netismvs,  vol.  ii.  div.  2.  pp.  467-471; 
they  are  also  given  for  the  eleclrostatic  and  electromagnetic 
systems  in  MaxwelFs  '  Treatise  on  Electricity  and  Magnetism,^ 
vol.  ii.  ]'p.  239-245. 

The  occurrence  of  the  constant  i"q  in  so  many  of  the  for- 
mula) connected  with  electricity  would  seem  to  show  that  these 
formulae  could  be  derived  from  some  natural  law.  Wilhelm 
Weber  finds  this  in  his  fundamental  electrical  laic, 

Here   -   is   the   ciuantitv  of  positive  or  negative    electricity 

a 
(measured  electrostatically  like  e^  and  ^2)  which  traverses  the 
circuit  in  unit  time  when  the  current-strength  is  equal  to  the 

electrodynamic  unit  current,  i.  e.  is  equal  to  — ^  electromag- 

.  .         ,-.  ,1  ,  1         ^0  (i^        1 

netic    unit.       Lonsequentlv   we    have    -=-—-=  or-r— =-7-^, 

\      '  a      2v/2        1*1      2^f 
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where  eo  is  to  be  taken  in  accordance  with  equation  (42).  The 
fundamental  law  may  then  also  be  written 

9.  Systems  with  two  fundamental  units  result  by  elimina- 
ting one  constant  from  the  fundamental  equations  for  systems 
with  three  units.  Various  systems  with  two  fundamental 
units  may  be  formed  by  elimination  of  the  constant  of  attrac- 
tion.    If  in  the  value  of  this  constant  (  tttr •/    i  •> )  we 

VIO^"*  sec^x  kiloo-r./ 

put 

,  ,.1  615  metre^      615    millim."'  .... 

1  kilogr.  =  HP  ^^  =  10^  •  ^^^^^'      •     (44) 

this  constant  becomes  unity,  and  we  obtain  a  system  with  the 
two  fundamental  units  of  length  and  time.  The  unit  of  mass 
derived  from  the  metre  and  the  second  is  consequently 

,  metre^        10^^  ,  ., 

1 r5  ~  TTTv  kilogramme. 

second"      bio         ° 

The  unit  of  force  1  kilogramme  (Paris) 

_     „  .^kilogr.  X  metre  _  9*808  x  615  metre^ 
~  (second)-^  Up         1^^ ' 

consequently  the  new  unit  of  force  is 

,     metre*  10^^  ,  .,  /t^     •  n 

1 TT-  =  n  ono — nT^  Kilogramme  (raris). 

second*        9-808  x  bio         *=  ^  ^ 

This  system  is  employed  for  attraction-problems  by  Thomson 
and  Tait  ('  Theoretical  Physics/  §§  459,  774)*.     The  density! 

of  water  (  =  1000   — r^^J)  becomes  in  this  system  ,--vnT  w 

^  metiV  -^  10^^  sec.^ 

(thus  independent  of  the  unit  of  length).  In  order  to  com- 
pare this  number  with  the  number  given  by  Thomson  and  Tait 

(§  774)  we  must  multiply  it  by  ^,  since  Thomson  and  Tait 

put  the  mean  specific  gravity  of  the  earth  equal  to  5*5.     We 

*  Compare  also  H.  Weber  and  Koblrauscli  (Zolluer,  Principien  etner 
elektrodi/namischen  T/teorie,  p.  120) ;  Maxwell,  '  Treatise  on  Electricity 
and  Magnetism,'  vol.  i.  p.  4. 

t  Density  is  here  taten  to  mean  mass  of  unit  volume  of  the  substance 
(Maxwell,  p.  5). 
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tbus  obtain  for  the  density  of  water  the  number 

6        615    1         6-7    1 

X 


5-5      lO^-^  sec.2  ~  108  sec." 

which  agrees  exactly  with  Thomson  and  Tait's  nnmber.  It  is 
to  be  observed  that  the  dimensions  of  the  electric  and  magnetic 
units  in  this  system  have  exponents  which  are  whole  numbers. 
In  the  Gauss- Weber  system  the  dimensions  of  [/u.]  and  [«?]  are 

the  same  as  of  [m] ;  for  i  we  have  the  dimensions   -5   ,  for  [EH 

I  ^  L  and  so  on. 

Example  8. — The  Weber  unit  of  current 

,  mm.^  X  mgr.^         1    metre^  x  kilogr.^ 
sec.  10^  sec. 

\/615      /      -s/GISX  metre^  , 

"  io*xio¥  V=  -W^)-^^  ^^^"'^^^"°  ^^>- 

If  we  wish  to  return  to  the  ordinary  system,  we  must  observe 
equation  (44).     We  may  calculate  as  follows  : — 

\/615  metre^   ,  ^    ,         ,,  .      x/GIS  metre^ ,  metre* 

~W^  ~^e^  (current-strength)  =  -^^ 


_  \/615  /metre^X  2      metre^  _  \/61,' 


sec.  sec. 

0 


]0¥    kilogr.2  X  metre^  -      aa\—   ^  metre^  x  kilogr.^ 
\/615  sec.  ^   ^'  10^         second 

(Weber  unit  of  current). 

The  constant  of  attraction  may  also  be  eliminated  by  putting 
1  second  =  \/  ^ 


^615  metre^    _  v  615  millimetre' 
W"'  kilogr.*  ~     10'      milligr.2 


so  that  the  unit  of  time  becomes  a  unit  derived  from  the  unit 
of  length  and  the  unit  of  mass, 


e^  /iu"  J 

— ,  =  \  /  TT^rv  seconds, 
r.i       V    ( 


metre'  ^       /lO^^ 
kilogri  ~  V    615 


rm          ..no         i    mctrc  x  kilogr.  .                 10"  kilogr."'' 
Tlie  unit  of  force  1  j2~    becomes  t^tf  r-v, 


econd'"^  615    metre* 
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from  which  the  new  unit  of  force 

-  kilogr.^      615    metre  x  kilogr. 

1 ?5 —  ^= . 5 — 

metre^       10^^  sec.^ 

615 
=  9-808  X  10^^  ^^'^'-  ^^''''^' 

The  dimensions  of  the  other  principal  miits  become 

(according  to  the  fundamental  equations  of  the  Gauss-Weber 
system), 

w=[t].  ^=P|]' 

and  so  forth.     A  quantity  of  electricity  is  given  in  ordinary 
units :  Ave  find  the  electrostatic  unit 

1  millimJ  X  miUigv.^  ^    10^  ^^.jl-gj.^^ 

second  v  615 

or  

,      .„.  \^6\5    millim/' X  milligr.^^TT  1 

1  milligramme  =     ^^,    . — ^ —  Weber  units; 

*=•  10^  sec. 

10^ 
i.  e.       -^-^  or  about  4000  milligr.  ordinary  matter  has  equal 

action  at  a  distance  as  1  Weber  unit  of  electricity. 

Instead  of  eliminating  the  constant  of  attraction,  we  mav 
obtain  a  system  with  two  fundamental  units  by  eliminating 
the  constant 

.o=31xlO^°Hli!^-. 
sec. 

If,  in  doing  this,  we  wish  to  make  the  unit  of  time  a  derived 
unit,  we  must  put 

1  second  =  31  x  10^'^  millimetres. 

Time  must  therefore  be  expressed  as  a  length,  the  new  unit  of 

time  1  millimetre  =  tjt ttvto  ^6C. 

31  X  10^" 

The  units  of  the  four  electric  systems  have  the  same  dimen- 
sions and  the  same  magnitude,  with  the  exception  of  the  units 
of  the  electrodynamic  system.  The  dimensions  of  the  most 
important  units  are  as  follows: — 
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[A]  =  [/o»i°]  (abstract  number), 

constant  of  attraction  [ei]=    ~  h      [^]  =  [/^]  =  ["^^    ]? 

m=[f]=[E]. 

We  see  that,  by  eliminating  the  constant  (eo),  the  distinction 
of  the  units  by  their  dimensions  is  lost  for  the  most  part — a 
result  which  was  to  be  expected,  since  e^  has  no  independent 
dimensions,  but  is  to  be  regarded  as  a  velocity. 

10.  The  systems  with  two  fundamental  units  have  yet  an- 
other constant ;  if  this  be  also  eliminated,  we  have  a  system 
with  only  one  fundamental  unit.  If  we  start  with  the  system 
given  above,  w^ith  the  fundamental  units  of  length  and  time, 
we  may  eliminate  the  remaining  constant  Cq  by  the  relationship 

1  sec.  =  31  xlO^'^  millimetres (45) 

We  thus  obtain  a  system  in  which  the  unit  length  is  the  only 
fundamental  unit.  The  three  electrical  systems  now  combine 
into  one.     The  dimensions  of  the  units  are  as  follows: — 

[A]  =  [/*^]  (abstract  number),     [t]  =  [I],     [a]  =\j\, 

The  distinction  of  units  by  their  dimensions  is  now  completely 
lost;  velocity,  force,  current-strength,  and  electromotive  force 
are  abstract  numbers;  time,  mass,  Avork,  quantity  of  electricity, 
and  magnetic  pole  are  to  be  regarded  as  lengths. 


milHm.3  ,       10* 


The  unit-mass  1  ./-  (  =  -7^^^  kilogr.)  becomes  equal  to 

^j^ — r-rjy  millim.     Consequently  the  unit  of  mass 

1  millim.  =  3P  X  10^""""™-'  =  ^^^^^^'(  =  157  x  lO'^^jkilog., 

sec.-^  bio        ■  ■'       to  ' 

or  nearly  one  foiu-th  of  the  carth^s  mass  (G50  x  10"-^  kilogr.). 

Weber's  formula  may  now  be  written 

^■=^f[>-K(fy-^i^f  }]• 

Weber  himself  simplifies  the  formula  thus:  — 

If  we  compare  this  formula  with  formula  (4o),  we  find  that 
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it  is  not  i\-^,  but  e^i^  '2  which  is  eliminated  by  putting  1  sec.  =  31 
X  10^*^ -^2  millini.  =  44  x  10^*^  niillim.    The  new  unit  of  time  is 

-T-, — :ry-^  sec.  Thc  constant  of  attraction,  too,  is  eliminated 
44  X  10^" 

by  Weber  by  introducing  a  unit  of  mass 

2x3PxlO^^  ^g^^  ^  ^ 

bio  " 

(nearly  half  the  earth's  mass*).  These  last  two  formulse  ap- 
pear to  us  equally  simple  ;  but  the  first  of  them,  as  we  saw 
above,  has  the  advantage  of  combining  the  three  electrical 
systems  into  one.  In  returning  to  the  ordinary  systems, 
attention  must  be  paid  to  equations  (44)  and  (45). 

Example  1). — The  quantity  of  electricity  1000  millimetres 

is  to  be  expressed  in  electrostatic  units '- :  "      .     We 

^  sec. 

have  1000  millim.  electricity 

^„^,,  millim.^     ^  .,         ,„  millim.^ 

=  1000  — TTH — 5=ol-x  10-"x  1000 r, —  (equation  4o) 

milnin.*"  sec.''      ^    ^  ^ 

=  3Px  KPf^^i^y  X  "^^^  =  42L  x3P 
\    sec.''    /  sec.  v625 

,,,0-1  millim."^  X  kilogr.^  ,         ^.       ,  ,, 
X  10-^ ^—  (equation  44) 

102  X  312  y.  10^3  X  lOV      W^  X  3Pxmillim.'  x  msr.^ 


/_  10-'"x3F\i 
V  v/6l5    / 


'v/OlS  \         v/615    J  sec. 

It  is  to  be  observed  that  a  system  with  two  or  \A'ith  only  one 
fundamental  unit  is  not  completely  determinate,  unless  its 
connexion  to  the  ordinary  systems  with  three  fundamental 
units  is  given  by  relations  such  as  equations  (44)  and  (45). 
The  systems  with  three  fundamental  units  are  therefore  to  be 
regarded  as  the  fundamental  systems  of  mechanics.f 

11.  The  ordinary  units  of  mechanics  are  not  convenient  nor 

*  "\Vel)er  and  Koblrauscli  (Zolluer,  I.  c.  p.  130). 

t  The  above  systems  with  less  than  three  fundamental  units  mav  be 
regarded  as  the  result  of  taliiug  the  unit  of  length,  the  unit  of  velocity, 
and  the  unit-of-attraction  constant  as  fundamental  units.  If,  for  example, 
we  take  the  millimetre,  the  velocity  e^,  and  the  attraction-constant  c^  as 
fundamental  units,  we  obtain,  from  c^  =  615  x  10~''mm.^  x  sec- ~^  x  kiloo-r." ', 
1  kilogr.  =  61oxlO-^mm.3  X  sec.~2Xc~' ;  and  from  ^0=31  x  10'°  mm.x 
sec.~'>l  sec.  =31xlO'°X  mm.  Xe~';  which  expressions  become  iden- 
tical with  (44)  and  (45),  if  we  omit  Cj  and  e^  from  the  dimensions.  The 
constants  c^  and  e^  should  be  left  in  the  fundamental  equations,  so  as  not 
to  disturb  their  homogeneity. 
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sufficient  to  give  a  quantitative  representation  of  all  the  phe- 
nomena of  physics;  but  we  are  obliged  sometimes  to  introduce 
arbitrary  units.  Among  these  may  be  reckoned  the  unit 
angle,  which  is  very  useful  in  considering  circular  motion,  for 
which  purpose  it  replaces  the  unit  of  length.  From  the  unit 
angle  and  the  unit  of  time  we  derive  the  units  of  angular  velo- 
city and  angular  acceleration;  since,  further,  moment  of  inertia 
corresponds  to  mass,  and  moment  of  rotation  to  force,  we  obtain 
a  complete  analogy  with  motion  in  a  straight  line,  and  equa- 
tions analogous  to  the  equations  (2),  (o),  and  (6).  This  ana- 
logy is  lost  by  regarding  the  angle  as  an  abstract  number. 
The  conceptions  derived  from  the  'phenomena  of  heat. — A 
quantity  of  heat  w  is  proportional  to  the  elevation  of  tempera- 
ture T  which  it  can  cause  in  a  mass  m.  We  obtain  thus  the 
equation  of  definition, 

i(7=cmT, 

where  c  is  a  factor  depending  on  the  material  nature  of  the 
body,  which  we  will  call  the  capacity  for  heat.  The  dimen- 
sions of  the  unit  of  heat  are  determined  by  the  equation 

We  have  here  three  new  units,  of  which  we  may  choose  two 
as  fundamental  units.  Of  the  three  possible  combinations,  we 
have  determined  upon  one,  and  choose  units  for  capacity  [c 
and  temperature  [T]  at  pleasure,  so  that  the  unit  of  heat  [lo 
becomes  a  derived  unit :  it  is  the  quantity  of  heat  required  to 
raise  by  one  unit  the  temperature  of  the  unit  mass  of  a  sub- 
stance having  unit  capacity.  The  units  of  temperature  in  use 
are  well  known ;  for  unit  of  capacity  we  take  the  capacity 
of  water ;  the  capacity  of  a  body  is  therefore  expressed  by  the 
same  number  as  its  so-called  specific  heat.  As  examples  fur- 
nished by  the  science  of  heat  we  may  take  the  following  : — 

The  heat  necessary  to  raise  10  kilogr.  mercury  (capacity 
=  0-0:33  capacity  of  water)  from  0°  C.  to  100°  C.  =  0-033  x 
10xl00(  =  33)   kilogr.  x  Centigrade  degree    X    capacity  of 
water. 

Coefficient  of  linear  expansion  of  iron  =  0-000012  -; j^ 

^  degree  C 

=  0-000012  -r~T-^ fv  =  ^  X  0-000012         ^ 


I  degree  R.      *  degree  R. 

=^x  0-000012,     ^     „• 
degree  J^ . 

Latent  heat  of  ice  =79-25  degrees  C.  X  capacity  of  water. 

We  obtain  the  work  A  which  is  equivalent  to  a  quantity  of  heat 
w  by  multi])lying  this  quantity  by  the  mechanical   equivalent 
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of  heat  Q, 

The  dimensions  of  Q  are 

M 

We  usually  put 

n  — 19J.  metre  X  kilooramme  (force) 

~"         kilogramme  (mass)  x  degree  C.  x  capacity  of  water 

tr^i      o -^ni      -/     r.-ox  Englishfootx  English  pound  (force) 

=  424x3-281  x^(  =  7/3)  ^^ — -, — ^ — j^ ^ — r^-^ ^ — ,.  V     . 

'^^  Jijngl.pound(mass)  x  deg.r .  x  capac.  oi  water 

This  value  does  not  agree  with  either  of  the  two  ordinary 
mechanical  systems,  since  both  the  unit  of  force  and  the  unit 
of  mass  are  here  fundamental  units.    But  if  we  introduce  either 

,  ,  .,  .p        \      r\  01      metre  X  kilogr.  (mass) 

1  kilogramme  (force)  =9*olx  7 ^7^:77^ -} 

^  ^         ^  (second)- 

or 

,  ,  .,  .         .1     (second)^  x  kilogr.  (force) 

1  kilogramme  (mass)=  pr-^  -^^ ; — - — ^^ -^ 

^  ^  9'ol  metre 

we  obtain  in  both  cases 

Q  =  424x9-81(  =  4160)  (meiref 


sec."  X  degree  C.  x  capacity  of  water' 

which  value  may  be  employed  either  with  the  Gauss- Weber 
system  or  with  the  gravitation  system. 

In  stating  physical  magnitudes,  we  frequently  see  arbitrary 
units  employed  besides  the  absolute  units:  it  is  important  in 
using  such  units  to  state  their  names  completely,  the  names 
being  often  formed  according  to  the  theory  of  dimensions. 

Example. — Electrolytic  (chemical)  unit  of  current 

cubic  centim.  of  electrolytic  gas        milligramme  copper 

minute  minute 

The  rules  for  the  reduction  to  new  units  are  then  always 
applicable,  as  the  above  examples  in  heat  show,  and  render  the 
calculation  rapid  and  certain. 

Helsingfors,  Januaiy  1881. 

Postscript. — After  the  above  was  in  tj^&  the  author  became 
acquainted  with  Dr.  Herwig's  work,  Physihalische  Begriffe  und 
absolute  Maasse  (Leipzig,  1880).  The  units  of  the  science  of 
heat  are  stated  somewhat  differently  by  Herwig  :  the  equiva- 
lent Q  is  first  eliminated,  so  that  the  units  of  quantity  of  heat 
and  of  work  become  identical;  secondly,  the  capacity  of  water 
is  taken  as  a  conventional  unit,  and  its  name  is  omitted  from 
the  dimensions. 
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XI.  Moseley's  Theory  of  Steady  Flow.  By  Major  Allan 
CuNXiNGHAM,  R.E.,  Honorary  Fellow  of  King's  College, 
London*. 

ANEW  Theory  of  the  Steady  Flow  of  a  Liquid  was  pro- 
posed by  the  late  Canon  H,  Moseley,  in  an  important 
essay  published  in  this  Magazine  in  1871-72t.  The  paper  was 
valuable  as  an  attempt  to  tbi-m  a  rational  theory  of  the  steady 
motion  of  a  real  fluid,  and  to  deduce  results  of  great  scientific 
and  practical  interest  from  it.  Formulas  were  arrived  at  for 
the  Velocity  at  any  point  in  a  Pipe  flowing  full,  and  for  the 
Discharge  both  of  a  Pipe  flowing  full  and  of  an  Open  Channel, 
and  for  some  other  quantities  of  less  importance. 

In  the  investigation  it  was  assumed  that: — 

I.  Fijyes. — In  long  uniform  pipes  at  uniform  slope,  flowing 
full,— 

1.  The  motion  is  a  steady  motion  in  lines  parallel  to  the  axis  of 

the  pipe. 

2.  The   surfaces  of  equal  velocity  are  similar,    and    similarly 

situate,  to  the  enclosing  margin. 

3.  The   measure  of  tangential  resistance  to  the  fluid  at  the  en- 

closing mai'gin  is  (A, +  /<ji'^). 

4.  The  measure  of  tangential  resistance  to  fluid  particles  flow- 

ing past  each  other  is  {\  +  fi .  (Sv)-). 

5.  The  whole  of  the  kinetic  energy  lost  by  any  particle  of  the 

fluid  under  subheads  3  and  4  is  probably  couAerted  into 
heat  energy,  or,  at  any  rate,  lost  as  kinetic  energy. 

II.  Ope7i  Channels. — In  long  uniform  open  channels  at  uni- 
form slo]3e, — 

6.  The  discharge  is  one  half  of  the  discharge  of  a  pipe  flowing 

full  whose  lower  half  is  the  open  channel  in  question,  and 
upper  half  is  similar  to  the  lower  (reversed) . 

The  evidence  as  to  the  reality  of  the  assumptions  Nos.  1 ,  2, 
5  is  not  stated:  they  are  apparently  only  working  hypotheses. 
Ko.  3  is  accepted  from  Poncelet^s  experiments  on  the  friction 
of  a  fluid  on  a  solid.  No.  4  is  merely  an  assumption  that  the 
expression  for  fluid-friction  is  of  the  same  functional  form  as 
that  between  a  fluid  and  a  solid.  No.  6  is  accepted  from 
Darcy^s  experiments  on  pipes  and  open  channels. 

It  must  be  remarked,  in  passing,  that  there  is  really  no  evi- 
dence as  to  the  existence  of  steady  motion  in  parallel  lines 
even  in  pipes  flowing  full,  and  that  in  the  case  of  open  chan- 

*  Commimicated  by  the  Author. 

t  Vol.  xlii.  1871,  pp.  184  and  349;  vol.  xliv.  1872,  p.  30. 
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nels,  at  any  rate,  all  modern  experiment  points*  to  the  con- 
clusion that  the  motion  is  essentially  iinsteadij  and  that  tlie 
stream-lines  interlace  freely  in  all  directions.  Next,  hypothesis 
No.  2  is  contrary  to  the  evidence  of  Bazin's  experiments. 
In  Bazin's  work  two  diao-rams  are  o-iveut  of  cross  sections  of 
two  rectangular  iron  pipes  (flowing  full)  laid  with  two  sides 
horizontal,  with  velocity-measurements  made  at  many  points 
on  several  horizontal  and  several  vertical  lines  thereof  figured 
thereon  :  now  the  contours  of  loci  of  points  of  equal  velocity 
traced  thereon  are  all  rounded  (like  ellipses);  so  that  hypo- 
thesis No.  2  disagrees  with  nature. 

From  these  hypotheses  Nos.  1  to  5,  the  primary  result  is  an 
expression  for  the  velocity  at  any  point  in  a  pipe  flowing  full  ; 
and  thence  follows,  by  a  simple  integration,  an  expression  for 
the  discharge  through  the  same.  By  help  of  No.  6  (which  is 
a  result  of  pure  experiment)  this  last  result  is  extended  so  as 
to  give  a  formula  for  discharge  in  open  channels. 

It  will  be  seen  that  the  results  for  pipes  (flowing  full)  are 
strictly  dependent  on  the  hypotheses  Nos.  1  and  2  of  steady 
motion  in  parallel  lines,  and  of  the  surfaces  of  equal  velocity 
being  similar  and  similarly  situate  to  the  enclosing  margin; 
whilst  the  formula  for  discharge  in  o])en  channels  invoh'es  no 
assumptions  as  to  the  actual  motion  therein,  but  depends  only 
on  the  correctness  of  the  theory  of  the  motion  in  pipes  flowing 
full  together  with  the  connecting  link  No.  6  (derived  from 
exj^eriment). 

From  the  uncertainty  of  the  assumptions,  it  is  evident  that 
the  only  test  of  the  correctness  of  the  theory  is  the  comparison 
of  numerical  results  therefrom  with  observation. 

The  extensive  small-scale  experimental  results  |  of  MM. 
Darcy  and  Bazin  on  pipes  and  open  channels  not  exceeding 
2  metres  in  width  nor  ^  metre  in  depth  were  applied  (in  the 
original  essay)  in  numerical  verification  of  the  forniula3  quoted 
— viz.  for  Velocity  at  any  part  of  a  circular  pipe  flowing  full, 
and  for  Discharge  both  in  pipes  flowing  full  and  in  open  chan- 
nels. The  result  was  apparently  satisfactory ;  that  is  to  say, 
there  was  certainly  a  remarkable  approximation  on  the  whole 
(with  occasional  very  large  discrepancies)  between  the  expe- 
rimental and  theoretical  results.     A  sound  theory  of  flow  of 

*  See  '  Roorkee  Hvdi-aulic  Experiments,'  vol.  i.  chap,  vi.,  for  a  summary 
of  the  evidence. 

t  Eecherches  experimentdes  sur  f ecoulement  de  Teau  dans  les  canaux 
decoHverts,  pi.  x^^dii. 

X  JRecJierches  experiment  ales  relatives  au  mouvement  de  Veau  dans  les 
tmjaux,  by  H.  Darcy.     Paris,  1857. 

Recherches  experimentales  sur  lecoidement  de  Veau  dans  les  canaux  d^- 
couverts,  by  H.  Darcy  and  H.  Bazin.     Paris,  1 865. 
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water  would  be  of  such  great  scientific  interest,  and  its  ulti- 
mate result — a  good  formula  for  Discharge — would  be  of  such 
great  practical  use  in  engineering,  that  it  is  well  worth  while 
to  thoroughly  test  this  new  theory  :  it  will  be  shown  that  the 
approximate  agreement  above  noticed  is  quite  illusory. 

The  primary  result  of  the  investigation  is,  as  stated,  a  for- 
mula for  the  velocity  v  at  any  point  at  a  distance  r  from  the 
centre  of  a  pipe  of  radius  E  flowing  full,  the  central  velocity 
(in  the  same  cross  section)  being  r^,  viz. 

Upon  difi'erent  h^i^otheses,  and  by  a  quite  different  investi- 
gation, M.  Darcy  proposed*  the  formula 


v=i\ 


o.{i-m(^y}, 


and  applied  the  same  (his  own)  experimental  results  in  verifi- 
cation. 

It  is  quite  clear  that  these  two  expressions,  differing  so 
greatly  inform,  cannot  both  be  correct  rational  formulos;  and 
yet  they  both  give  numerical  results  agreeing  sufficiently  with 
Darcy's  experimental  results  to  have  satisfied  their  proposers. 
But  the  fact  is,  that  the  numerical  test  relied  on  from  Darcy's 
experiments  is  (though  this  seems  to  have  escaped  attention) 
a  very  poor  one.  Darcy's  velocity-measurements  were  made 
at  only  five  points  in  a  vertical  line  through  the  centre  of  each 
pipe,  viz.  at  the  centre  and  at  points  s^nnmetrically  above  and 
below  the  centre  at  ^  and  |-  of  the  radius  from  the  centre  ; 
thus  embracing  only  the  middle  -|  of  the  diameter  in  question, 
within  which  the  change  of  velocity  is  very  small,  and  the 
velocity-curve  (or  locns  of  the  equation)  is  therefore  very  flat. 
Thus  almost  any  very  flat  curve  would  agree  tolerably  well 
with  the  observations  in  the  middle  |  of  the  diameter,  especi- 
ally when  the  comparison  is  made  (as  in  the  present  instance) 
between  ordinates  measured  in  so  large  a  unit  as  a  nietre^  as 
the  difference  (in  metres)  would  then  only  be  small  decimals. 
The  dissimilarity  of  the  two  curves  is  in  this  case  very  striking, 
their  convexities  being  actually  turned  opposite  toays.  Thus 
Moseley's  curve  is  concave  downstream  with  a  cusp  at  the 
middle,  whilst  Darcy's  is  convex  downstream  with  an  apse  at 
the  middle.  On  plotting  Darcy's  ohservations  they  will  be 
found  to  give  curves  generally  very  flat,  convex  downstream 
with  an  apse  at  the  middle;  so  that  Moseley's  velocity-formula 
does  not  agree  with  nature. 

All  the  rest  of  the  investigation  depends  on  this  primary 

*  Reeherches  expMinentales  &c.,  by  H.  Darcv,  p.  1 28. 
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velocity-formula,  and  therefore  fails  as  a  rational  theory  along 
with  it.  It  might,  however,  happen  that  the  other  results 
might  prove  to  be  good  empirical  formulaj.  The  only  others 
admitting  of  test  are  the  formulcB  for  Discharge,  which  are 
given  in  several  forms,  as  suited  for  pipes  of  various  sections 
(circular,  rectangular,  &c.)  flowing  full  and  for  open  chan- 
nels. iV  large  number  of  the  discharge-measurements  of 
MM.  Darcy  and  Bazin  in  circular  pipes  flowing  full  and  in 
small  rectangular  and  trapezoidal  open  channels,  are  compared 
in  the  original  essay  with  the  results  computed  from  the  for- 
mulas ;  and  here,  again,  there  is  a  remarkable  approximation 
in  the  results.  This  turns  out^  however,  to  be  no  criterion  of 
approximation  on  the  large  scale,  as  will  appear  belov>\ 

Some  extensive  large-scale  experiments  on  flow  of  water  in 
large  canals  of  various  widths  up  to  200'  and  depths  up  to  11', 
and  various  discharges  up  to  7000  vahlc  feet  per  second,  made 
under  the  author's  superintendence  near  Roorkee  in  Northern 
India,  in  1874-79,  and  recently  published*,  afford  a  test  for 
the  formula  for  discharge  in  open  channels  on  the  large  scale. 
The  formula  given  is 

Dkchavge  in  cubic  X  W    .^_(.      -,-n,.    ._2R',     .., 

metres  j^er  second  j  -  W  ^       {i-t^tx  ).e       ^  .Vq, 

where 

B'  =  wetted  border,  R'  =  hydraulic  mean  depth,  both  in 

metres; 
r'o  =  central  surface-velocity  in  metres  jJ^r  second; 
D'  =  discharge  hi  cubic  metres  j^er  second. 

The  formula  is  a  very  laborious  one  for  computation;  but  its 
failure  on  the  large  scale  can  be  readily  shown,  without  com- 
plete computation,  as  follows: — It  is  obvious  that  the  quantity 
(1  +  2R')  .  e--^'  is  always  a  +  quantit}-,  rapidly  decreasing  as 
R'  increases  :  hence  the  above  expression  gives  a  result  always 

less  than  -i  ^',  .  v'o   cubic    metres  per    second,    and    therefore 

(changing  to  British  measures)  the 

Discharge,  z?i  cu&i'c  1    ,^  .      ,  (3'281)^       B  rn 

feet  per  second     ]  ^ ''  ''^'''^y^  <  ^—^  ><  r  X 

"P 

or  < 5*382 ^.t'o, 


3-281' 


where  B,  R,  I'o  are  here  measured  in  feet, 

'.    *  Roorkee  Hydraulic  Experiments,  1881,  3  vols,  (published  at  Tho- 
mason  C.  E.  College,  Ecorkee,  N.W.  P.,  ludia,  1881j. 

Phil  Mag.  S.  .5.  Vol.  14.  No.  86.  Aug.  1882.  I 
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A  few  selected  instances  from  the  Roorkee  experiments^, 
with  widely  differing  data  (as  to  width,  depth,  velocity,  and 
discharge),  are  given  in  the  table  below. 


Site. 

Data. 

Value  of 

5-382  |i;„. 

Discharge- 
measurement 

D. 

B. 

E. 

%■ 

Solani  left  aqueduct 

Solani  right  aqueduct   

Solani  embankment,  main  site... 
Fifteenth  mile,  new  site  

100-2 
105-8 
190-8 
1820 
196-4 
200-2 
69-5 

6-75 
7-96 
9-34 
9-49 

4-05  1       324 
4-52  !       323 
4-66  ,       512 
4-91           .507 

2328 
3429 
7169 
7187 
5611 
4631 
961 

Beh-a  site  

9-02      3-67 
7-82  :    3-43 
4-84      3-40 

430 
473 
263 

Jaoli  site    

Kamhera  site 

It  will  be  seen  that  the    comjuited  values  of  5*382  ^ro, 

which  i<hould  he  all  greater  than  the  discharge-measurements 
(D),  are  actually  only  from  about  \  to  •^':f  of  the  latter;  so  that 
the  formula  is  evidently  useless  for  applicatioji  to  large  bodies 
of  water. 

The  Roorkee  experiments  also  furnishf  important  (nega- 
tive) evidence  on  the  vexed  question  of  the  sujjposed  convexity 
of  the  water-surface  in  an  open  channel.  Canon  Moseley  states 
(in  the  same  essay ij:)  that,  as  a  result  of  theory, — 

"  As  the  pressure  is  everywhere  less  where  the  velocity  is  greater, 
it  is  evident  that  there  will  be  a  tendency  in  the  liquid  on  the 
surface  to  flow  from  the  sides  of  the  channel  towards  the 
centre,  and  that  thus  tlie  velocity  of  the  surface-water  at  the 
centre  will  be  dimiuished,  aud  the  water  heaped  up,  drowning, 
as  it  were,  the  point  of  greatest  velocity  iu  the  section." 

Now  two  of  the  results  above  indicated — viz.  the  constant 
transference  of  surface-water  §  from  the  edges  towards  the 
centre  and  the  depression  ||  of  the  maximum  velocity  below  the 
surfiice — have  been  amply  verified  experimentally.  But  as  to 
the  "  heaping-up  "  of  the  surface-water  at  the  centre,  or,  in 
other  words,  as  to  the  surface-convexity  (the  existence  of  which 
seems  to  be  accepted  by  writers  on  hydraulics),  the  author  has 
not  been  able  to  find  any  certain  experimental  evidence.  Some 
special  experiments  were  accordingly  made  by  him  to  test  the 
point,  at  a  site  e.vtronely  favonrahJe  for  the  trial,  in  a  canal  of 
about  170' surface-width  and  W  depth,  with  a  central  sur- 

*  Koorkee  Hydraulic  Experiments,  vol.  i.  p.  297. 

-'r   Op,  cit.  vol.  i.  chap,  vm.^ynssini. 

X  Philosophical  Ma<^azine,  [4]  vol.  xliv.  p.  44. 

§  Roorkee  Ifydraulic  Experiments,  vol.  i.  chap.  xvii.  arts.  14-14  i, 

II   Op.  cit,  vol.  i.  chop.  xii.  passim. 
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face-velocity  of  about  4*5  feet  per  second.  The  experiment 
(fully  detailed  in  the  Roorkee  -svork*)  was  a  very  delicate  one, 
on  account  of  the  incessant  slight  oscillations  of  the  water- 
surface  ;  but  every  possible  care  was  taken.  The  result  of 
twelve  trials  on  one  day  and  twenty-four  on  another,  was  that 
the  mean  Avater-surface  (i.  e.  average  of  the  oscillations)  at  the 
centre  and  edges  was  (on  a  calm  day)  most  prohahly  level. 


XII.  On  the  Influence  of  Time  on  the  Change  in  the  Resist' 
ance  of  the  Carbon  Disk  of  Edison's  Tasimeter.  By  T.  C. 
Mendenhall,  Columbus,  O.f 

ABOUT  five  years  ago  Edison  announced  the  discovery  of 
the  remarkable  property  possessed  by  carbon  when  pre- 
pared in  a  special  manner,  in  virtue  of  which  its  electrical 
resistance  was  greatly  lessened  by  subjecting  it  to  an  increase 
of  pressure.  Among  the  numerous  interesting  applications  of 
this  discovery  which  were  quickly  made,  none  was  more  pro- 
mising or  more  interesting  than  the  tasimeter  devised  by 
Edison  himself.  The  extreme  sensitiveness  of  the  carbon  to 
the  slightest  changes  in  pressure  gave  rise  to  the  hope  that 
the  instrument  would  far  exceed  in  delicacy  those  previously 
in  use  for  the  detection  of  minute  quantities  of  heat. 

Mr.  Edison  was  a  member  of  the  Draper  Eclipse  Expedi- 
tion in  the  summer  of  1878,  and  used  his  tasimeter  during  the 
total  eclipse  of  July  29  in  that  year,  attempting  to  measure 
the  heat  emitted  by  the  sun's  corona.  His  report  to  the 
director,  Dr.  Henry  Draper,  was  published  in  the  Proceedings 
of  the  American  Association  for  the  Advancement  of  Science 
for  the  same  year.  This  report  shows  that  the  attempt  was 
by  no  means  as  successful  as  could  have  been  desired,  the 
principal  obstacle  being  apparently  the  difficulty  in  the  adjust- 
ment of  the  tasimeter  so  that  the  galvanometer-needle  would 
remain  at  zero,  and  to  secure  its  return  to  that  point  after  it 
had  been  deflected.  In  fact,  the  zero  adjustment  was  only 
made  by  the  use  of  a  peculiar  shunt  of  variable  resistance 
ingeniously  contrived  by  Mr.  Edison  for  the  purpose. 

The  writer  is  not  aware  of  any  other  systematic  attempt  to 
secure  quantitative  results  through  its  use;  and,  as  far  as 
known,  the  instrument  has  been  generally  regarded  as  pecu- 
liarly inconstant  and  unreliable  in  its  indications. 

Having  in  his  possession  a  tasimeter  constructed  after  the 

*  Op.  clt.  vol.  i.  chap.  viii.  arts.  4,  4  «. 

t  From  Silliman's  American  Journal  of  Science  for  July  1882,  having 
been  read,  by  invitation,  at  the  April  meeting-  of  the  National  Academy. 
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model  of  that  described  iu  the  report  referred  to  above,  the 
writer  undertook  a  short  time  ago  to  investigate  the  quantita- 
tive relation  between  pressure  and  resistance  for  the  carbon 
disk  which  belonged  to  it.  In  a  series  of  preliminar}'  experi- 
ments, the  use  of  the  toothed  wheel  and  screw,  by  means  of 
which  the  pressure  is  communicated  to  the  disk,  was  found  to 
be  extremely  objectionable  on  account  of  the  impossibility  of 
exactly  reproducing  a  given  pressure.  This  portion  of  the 
instrument  was  therefore  entirely  removed,  and  an  an-ange- 
ment  made  by  means  of  which  any  detinite  pressure  might  be 
quickly  brought  to  bear  upon  the  disk  or  removed  from  it.  A 
slender  brass  rod  was  placed  in  a  vertical  position  upon  the 
centre  of  the  upper  contact  piece,  the  upper  end  of  which 
rested  lightly  iu  a  small  conical  cavity  made  on  the  underside 
of  the  scale-pan  of  a  balance.  The  weight  was  suspended 
above  by  a  fine  thread  passing  over  a  pulley;  so  that  by  raising 
or  lowering  it,  the  pressure  was  applied  or  removed  as  was 
desired.  The  carbon  disk  was  made  one  of  the  branches  of  a 
Wheatstone's  bridge,  as  described  by  Mr.  Edison.  In  lowering 
the  weight,  care  was  taken  to  make  the  movement  slow  enough 
to  avoid  any  shock  to  the  disk.  When  the  apparatus  stood 
with  the  weight  lifted,  the  adjustment  of  the  galvanometer  to 
the  zero  was  made  without  any  difficulty,  the  resistance  of  the 
disk  appearing  to  be  quite  constant.  AVhen  the  pressure  was 
applied,  however,  the  adjustment  became  very  troublesome ; 
and  after  a  few  trials  it  was  discovered  that  lime  was  a  very 
important  element  in  the  problem.  The  addition  of  a  pressure 
of  fifty  grams  reduced  the  resistance  to  nearly  one  fourth  of 
what  it  was  in  its  normal  condition  instanily,  but  it  was  found 
that  the  minimum  was  not  reached  at  once.  The  resistance 
continued  to  fall  during  the  first  two  or  three  minutes  with 
considerable  rapidity,  and  after  that  more  slowly.  A  series  of 
experiments  was  accordingly  undertaken  for  the  investigation 
of  this  phenomenon.  After  a  number  of  trials,  the  bridge  was 
adjusted  so  that  when  the  key  was  closed  simultaneously  with 
the  application  of  the  pressure  the  needle  of  the  galvanometer 
would  remain  momentarily  at  zero;  for  the  instantaneous  effect 
of  this  2:)ressure  seemed  to  be  quite  constant.  In  a  few  seconds, 
however,  the  needle  began  to  move,  showing  that  the  resist- 
ance was  diminishing.  With  this  constantly  decreasing  resist- 
ance it  was,  of  course,  difficult  to  obtain  balances  which  Avere 
very  accurate;  but  generally  one  could  be  obtained  \vithin  a 
minute  after  the  ajjplication  of  the  pressure,  and  another  a 
minute  or  two  later,  and  so  on.  The  operation  was  repeated 
many  times,  and  a  number  of  points  for  the  curve  shown. 
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belo\v  were  obtained,  wLich,  though  necessarily  somewhat 
scattering,  were  so  situated  as  to  render  its  general  form 
ahnost  certain.  In  ahiiost  every  instance,  immediately  after 
the  removal  of  the  pressure  the  normal  resistance  was  again 
measured;  audit  was  found  that  while  time  was  necessary  for 
the  resistance  to  reach  a  minimum  after  the  application  of  the 
pressure,  the  disk  seemed  to  recover  its  maximum  normal 
resistance  instantly  upon  its  removal. 


•30 


•10 


3-00  10  m.  20  m.  .SO  m.  40  m.  50  m.  60  m.  70  m. 

Time. 

Curve  showing  the  relation  between  Resistance  and  Time. 

After  the  construction  of  the  curve  showing  the  relation 
between  time  and  resistance,  and  on  the  supposition  that  it 
correctly  represents  that  relation,  it  was  easy  to  know  what 
the  adjustjnent  of  the  bridge  should  be  at  the  end  of  any 
given  time;  and  thus  the  difficulty  of  that  adjustment  disap- 
peared. 

When  tested  in  this  way,  the  curve  was  found  to  be  correct 
within  the  errors  of  experiment.  The  following  table  exhibits 
the  resistances  after  various  times,  the  insiaufaneoiis  resistance 
being  called  100.  The  resistance  before  the  addition  of  the 
pressure  of  50  grams  was  11*67  ohms,  which  immediately  fell 
to  3*52  ohms  upon  the  application  of  the  weight. 
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in  minutes.  Resistance. 

0     100 

1     96-6 

2     95-4 

3     94-9 

4     94-5 

5     94-2 

G     93-9 

7     93-7 

8     93-6 

9     93-4 

10     93-3 

12     93-1 


.    ^^}'^\  Resistance, 
m  minutes. 

15  92-9 

20  92-5 

25  92-3 

30  92-1 

35  92-0 

40  91-8 

50  91-5 

60  91-2 

70  90-9 

80  90-8 

90  90-7 


It  will  be  seen  that  the  resistance  falls  a  little  more  than 
3  per  cent,  in  one  minute,  about  5  per  cent,  in  three  minutes, 
and  about  10  per  cent,  in  one  and  a  half  hours;  and  it  seems 
tolerably  certain  that  even  then  a  minimum  is  not  reached. 
In  two  or  three  instances  the  time  of  continuous  pressure  was 
l^rolonged  to  twenty-four  hours,  the  resistance  at  the  end  being 
slightly  lov/er  than  at  any  previous  reading.  Finally,  the 
apparatus  was  left  with  the  weight  applied  for  one  week. 
No  measurements  were  made  during  that  time;  but  at  the  end 
the  resistance  was  found  to  be  decidedly  lower  than  it  was  at 
the  end  of  two  hours  after  the  application  of  the  pressure  ; 
and  it  is  especially  to  be  noticed  that,  on  the  removal  of  the 
pressure,  the  normal  resistance  of  a  week  before  was  instantly 
recovered.  In  this  case  the  pressure  applied  was  100  grams. 
The  resistance  before  the  application  of  the  pressure  was  11*08 
ohms.  Upon  applying  the  pressure,  it  immediately  fell  to 
2'34  ohms.  In  two  hours  this  had  been  reduced  to  2*10  ohms; 
and  at  the  end  of  a  week  it  was  1*93  ohm.  Thus  in  two  hours 
it  was  reduced  by  about  10  per  cent.;  and  after  one  -week  it 
Avas  again  about  10  per  cent,  lower. 

It  appears,  therefore,  that  the  element  of  time  plays  an 
important  part  in  the  phenomena  exhibited  by  the  carbon  disk; 
and  it  seems  highly  probable  that  this  has  been  one  of  the 
principal  causes,  if  not  the  chief  cause,  contributing  to  the 
inconstancy  and  unreliability  of  the  indications  of  the  tasi- 
meter. The  experiments  made  thus  far  indicate  a  fair  degree 
of  constancy  in  its  results  when  this  factor  is  considered.  The 
writer  hopes  to  be  able  to  make  further  examination  concern- 
ing the  extent  to  which  all  the  conditions  necessary  to  its  use 
maybe  controlled. 

The  resistance  of  carbon  under  pressure  has  been  made  the 
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subject  of  investi  oat  ions  recently  by  Mr.  Herbert  Tomlinson 
and  Professor  Silvanus  Thompson.  The  conclusion  reached 
by  both  is  that  the  diminution  of  resistance  is  really  due  to 
the  contact  between  the  electrodes  ;  and  it  appears  that  Pro- 
fessor W.  F.  Barrett  has  arrived  at  a  similar  conclusion,  as  a 
result  of  experiments  made  upon  a  "  button  of  compressed 
lampblack."  Without  knowing  any  thino-  about  the  nature  of 
these  experiments,  the  writer  desires  to  record  his  belief  that 
this  theory  does  not  entirely  account  for  the  facts  stated  above. 
Besides,  it  seems  a  little  difficult  to  understand  how  so  small 
a  pressure  as  fifty  grams,  added  to  an  already  existing  pres-' 
sure, of  about  the  same  amount,  can  increase  the  area  of  con- 
tact between  a  flat  plate  and  a  flat  disk  nearly  four  times,  to 
say  nothing  of  the  "  recovery  "  which  takes  place  so  promptly 
upon  the  removal  of  the  pressure. 

XIII.   Cri/.^taUogrophic Notes.     By  "\V.  .1.  Lewis, M.A* 

[Plate  III.] 

>SEUDOBROOKITE.—K  pupil  of  mine,  whilst  making 
a  list  of  the  apatites  in  the  Brooke  collection  preparatory 
to  their  registration,  called  my  attention  to  a  specimen  of 
asparagus-stone  from  Jumilla,  jMurcia,  on  which  were  some 
minute  black  crystals  of  apparently  rhombic  symmetry.  They 
were  clearly  not  hematite,  which  is  frequently  found  in  thin 
Iamina3  in  the  matrix  from  this  locality.  The  measurements 
obtained  shoAV  it  to  agree  well  with  the  mineral  discovered  by 
Dr.  Koch  (Groth's  Zeitschrift  f.  Krys.  iii.  p.  306),  which  he 
has  called  pseudobrookite. 

The  crystals  are  ver}'  small,  and  consist  of  simple  prisms 
Avith  the  makrodiagonal  pinakoid,  strongly  striated  parallel 
to  their  intersections,  and  terminated  by  minute  bright  dome- 
planes  (figs.  1  and  2).  They  haAC  a  considerable  tendency  to 
more  or  less  parallel  growth ;  and  the  opposite  planes  of  the 
prism  are  not,  as  a  rule,  accurately  parallel.  They  are  brittle, 
and  seem  to  haA'e  no  good  cleaAage. 

The  quantity  so  far  obtained  from  the  specimens  in  the  Cam- 
bridge collection  is  very  small  (not  more  than  one  grain),  and 
it  has  been  impossible  to  get  a  chemical  analysis  made.  A 
preliminary  examination  by  Dr.  Hugo  Miiller  confirms,  to  a 
certain  extent,  the  belief  that  it  is  identical  with  Koch's  pseu- 
dobrookite. The  following  table  gi^■es  the  angles  observed 
and  calculated,  as  also  the  corresponding  angles  given  by  Dr. 
Koch: — 

*  Communicated  by  the  Crvstallological  Society,  haA-ing  been  read 
June  3, 1882. 


120  Mr.  W.  J.  Lewis's  Cry stallogmphic  Notes. 

Lewis.  Koch. 


r 

Calcu- 

Ob- 

lated. 

served. 

2o   oi 

2^  3i 

44     6 

44     G 

68  50 

68  56 

42  20 

41  19 

.' ^ 

Calcu-        Observed 
lated.  means. 

ram     25  49       *25  49  (mean of 5 best) 
I                               25  45i  (mean  of  20) 
\_al      44     3i  

Tae      69     U  69     2  (mean  of  5) 

{_€€,     4157"  *41  57  (mean  of  6) 

me     71   12  71  7-^  (mean  of  6) 

me,  108  48  108  42 

The  development  requires  us,  in  my  opinion,  to  talce  m  as 
(110).  The  plane  e  might  conveniently  have  the  indices 
(10  3):  and  the  elements  would  then  be: — 

System  rhombic. 
D=(0  1  0,  0 1 1)  =  29°  5'-5;     E  =  (00  1,  1  0  1)  =  48'  59''6: 

F  =  (10  0,  110)  =  25°49'. 
01-  re  6  :  c  =  l  :  2-067  :  1-150. 

The  mineral  is  specially  interesting,  as,  from  Dr.  Koch's 
analysis,  it  seems  to  be  a  compound  of  ferric  oxide  and  titanic 
acid,  and  to  be  therefore  a  dimorphous  form  of  ilmenite.  Its 
crystal-elements  do  not  approach  those  of  Brookite  sufficiently 
near  to  justify  us  in  considering  it  isomorphous  Avith  the  latter 
mineral.  It  offers,  therefore,  a  fresh  instance  of  the  peculiar 
connexion  which  exists  between  oxide  of  iron  and  oxide  of 
titanium. 

Lndlamite. — In  the  Brooke  collection  is  a  specimen  with  a 
label  in  Heuland's  handwriting,  "  Phosphate  of  Iron  on  a  fossil, 
Stosgen  near  Linz  on  the  Rhine,  nert'."  The  phosphate  of  iron 
is  in  minute  pale  green  translucent  crystals,  having  the  charac- 
teristic three -faced-wedge  habit  of  ludlamite  on  the  free  termi- 
nations. The  best  crystals  of  Cornish  ludlamite,  as  described 
by  Prof.  Maskelyne,  give  angles  which  vary  greatly,  OAving 
to  more  or  less  parallel  growth.  The  crystals  from  Stosgen, 
althouo;h  half  a  dozen  different  crystals  have  been  tried,  have 
such  imperfect  faces  that  no  measurements  have  been  yet  ob- 
tained which  render  a  comparison  with  the  ludlamite  from 
Cornwall  possible.  They  seem  to  have  a  good  cleavage, 
which,  however,  manifests  the  irregular  growth  of  the  minute 
crystals  by  the  indefiniteness  of  the  reflexion  obtained  from 
the  cleavage-face.  They  are  deposited  on  the  sides  of  a  cavity 
in  the  midst  of  a  small  mass  of  greenish-grey  matrix,  which 
consists  of  bundles  of  coralloid  structure  containing  ajipa- 
rently  a  quantity  of  the  same  substance.     I  hope  during  the 
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course  of  tbe  lono-  vacation  to  be  able  to  settle  definitely  tbe 
crystallograpby  of  tbe  mineral. 

Idocrase. — Tbe  Brooke  collection  contains  a  small  crystal  of 
idocrase,  apparently  from  Zermatt,  wbicb  bas  minute  planes 
adjoining  tbe  base  wbicb  do  not  seem  to  bave  been  bitberto 
noticed.  Tbey  are  striated,  and  tbe  measurements  obtained 
are  not  good.  Using  p  and  p^  to  denote  two  of  tbe  planes  in 
a  zone  with  c,  and  p^,  one  of  tbe  otbers,  tbe  measurements 
obtained  were  e7>  =  6°  T/  (best),  r^^,  =  6°  19',_and/^^;,,  =  9°  26'. 
Tbe  form  (1  17)  is  tbat  svbicb  agrees  best  witb  these  measure- 
ments; the  angles  required  by  it  being  (0  0  1,11  7)  =  6°  If'?/? 
nnd(117,ll7)  =  8°42y. 

Zoisite. — In  the  Cambridge  collection  is  a  small  specimen  of 
zoisite  in  small  bright  oreen  crystals  imbedded  in  calcite. 
One  of  them  bad  terminal  planes ;  and  by  careful  extraction 
from  tbe  calcite,  I  obtained  a  crystal  showing  four  terminal 
pyramidal  faces.  Tbe  faces  were  rough,  and  deeply  striated 
parallel  to  tbe  edge  lying  in  the  ])rachydiagonal  plane,  so  that 
the  measurements  obtained  were  not  good.  They  agree,  how- 
ever, sufficiently  well  with  those  given  by  Brogger  (Groth's 
Zeitschrift,  iii.  p.  471);  and  they  have  led  me  to  tbe  conclu- 
sion that  13rookc  must  bave  been  mistaken  in  giving  tbe  angle 
wh  =  b^°  30',  an  angle  which  bas  been  assumed  in  all  the 
mineralogical  works  to  give  the  elements  of  the  crystal. 
DesCloizeaux  observed  a  poor  dome-plane,  of  wbicb  I  seemed 
to  have  doubtful  indications,  and  has  given  a  table  of  angles 
calculated  from  Brocket's  data.  The  positions  of  tbe  fiices  are 
shown  in  tbe  stereographic  projection  (fig.  3).  The  angles 
given  by  M.  DesCloizeaux  are  compared  in  the  following  table 
with  those  of  Brogger  and  with  those  observed  and  calculated 


)y  me. 

Mea 

ns  of 

An< 

?les 

Angles  cal- 

Calculated. 

observed 

adopt* 

?dbv 

culated  by 

angles. 

Brogger. 

Dx.     ' 

-hs 

*58 

8 

o 

58 

91 

0 

*58 

17 

*58 

8 

s  k 

14 

36 

14 

36 

-■'^'^ 

63 

44 

63 

35 

63 

26 

63 

44 

h  w 

*73 

9 

73 
73 

101 

19  (Miller) 

73 

9 

72 

28i 

'SU' 
JO  XOjj 

56 

42 
36 

56 
66 

521 
14 

56 
66 

3-^1 
55 

55 
69 

131 
33" 

~aio 

W  W'3 

62 

121 

Q2 

54 

•  •  • 

•  •  • 

61 

1 

55 

35 

55 

5 

55 

57 

57 

58 

SjXC 

75 

56 

75 

35  (Miller) 

75 

43 

75 

23 

w  k 

57 

541 

•  •  • 

•  • 

•  • 

«  •  •  • 

*56 

30 

11, 

58 

19 

60^^ 

'  near  (Dx.) 

•  t 

.... 

61 

3 
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The  plane  a  is  doubtful.  The  planes  k  were  only  measured 
on  one  side  of  the  crystal ;  and  a,  possibly  a  result  of  repeti- 
tions of  the  opposite  k  planes,  was  found  on  the  other  side. 
The  difference  in  the  angles  lu  iv^j  and  ic  us  given  by  Brooke's 
data  and  those  adopted  by  me  suffice,  I  think,  to  justify  my 
belief  in  an  erroneous  impression  as  to  the  prism-plane  which 
gave  the  reading  56°  30'.  The  angles  hs  and  brc  are  unmis- 
takable, and  are  those  used  in  determining  the  elements  ;  the 
remaining  angles  found  by  Brogger  and  myself  agree  as  nearly 
as  can  be  expected  with  those  calculated. 

Quartz. — In  the  Cambridge  collection  are  tAvo  crystals  of 
quartz,  each  of  which  has  a  well-developed  plane  whose  indices 
were  determined  by  the  late  Prof.  Miller  to  be  (50,19?  19). 
Professor  Miller  seems  never  to  have  published  this  result ;  nor 
has  any  record  of  the  measurement  which  led  to  it  been  found 
amongst  his  pa2:)ers.     I  therefore  remeasured  the  crystals,  and 
obtained    an    angle    which  agrees  almost   exactly  with  that 
required  by  the  indices  (50, 19, 19).     The  larger  crystal  is  a 
broken  prism  about  40  millim.  long  by  8  millim.  across.     The 
face  ?/  on  this  crystal  is  about  1*5  millim.  long  by  about  '75 
millim.  broad,  and  is  smooth  and  bright.     Near  the  edge  [hr/'] 
it  is  slightly  rounded.     As  shown  in  the  diagram  (fig.  4),  it 
has  to  the  left  a  large  rough  a;  plane  and  a  long  somewhat 
narrow  s  plane.     The  r  plane  above  i/  is  developed  so  as  to 
all  but  blot  out  the  other  terminal  planes,  and  is  traversed  by 
a  few  horizontal  lines,  due  to  repetition  of  -/•  and  some  plane 
in  the  zone  [vt/].      At  the  extreme  top  the  plane  r  is  more 
strongly  striated,  and  is  penetrated  in  a  perfectly  arbitrary 
way  by  small  crystals  of  quartz  which  are  ill  developed.     In 
the  zone  [z  r  J  ai-e  three  minute  planes,  angular  measurement 
of  which  places  them  in  the  position  s,  I,  u.     These  planes, 
however,  do  not  succeed  one  another  in  this  order,  but  form 
re-entrant  angles,  u  being  that  adjacent  to  r,,  I  next,  and  s 
last,  and  adjacent  therefore  to  h^j.      The  planes  u  and  I  are 
strongly    striated  parallel    to   the    edge    [6^/sJ.     The  planes 
observed_on    this_crystal    are   h  (2  1 1),  r  (1  0  0),  ^  (2  2  1), 
?/(50  1919),  </)  (8  13  8),  .s  =  «(4  2  1),  .r  (4  2  1),  n  (6, 17, 12)  or 
(5, 14,  fO),  /  (3  10  6). 

The  smaller  crj-stal  is  a  slender  prism  about  13  millim.  long. 
The  plane  ?/  on  it  is  not  so  well  developed  as  in  the  former 
crystal,  and  it  is  considerably  more  rounded  near  the  edge  [A^'J. 
The  image,  however,  given  by  it  is  quite  distinct.  The  plane 
.s  to  the  right  of  7/  is  very  largely  developed  ;  and  .r  and  v 
appear  as  very  narrow  planes  below  it.  The  crystal  is  a 
combination  of  ij2  1  1),  r  (1  0  0),  c  (2  2  f),  ?/  (50  19  19), 
.1'  (4  1  2),  I-  (IG  5  8),  and  a  plane  near  (p. 


Mr.  W.  J.  Lewis's  Cnjstallogmplilc  Notes.  123 

Tlie  planes  observed  on  these  two  crystals  are  given  by  the 
stereographic  projection  (fig.  5). 

Mr.  Thomas  Uavies,  of  the  British  Museum,  lent  me  a 
crystal  which  showed  a  very  prominent  plane  below  the  s 
plane,  as  also  some  narrow  ones,  looking  somewhat  like  stria- 
tions,  between  them.  The  distribution  of  the  faces  on  this 
crystal  is  shown  by  the  stereographic  projection  (fig.  6).  It 
is  a  combination  of  J^  (2  I  f),  r  (1  0  0),_c  (2  2  l)j_  ^=«(4  1  2), 
^^=a(3  2  4),   /(5  3  6),  5' (7  2  4),  .r(412),  x(^^^\ 

Direct  observations  of  /  and  s'  in  the  zone  \hj,  s]  were 
too  little  reliable  to  be  of  any  service.  These  planes  were 
therefore  determined  by  observations  of  the  angles  they  make 
with  h  and  Zjj.  The  plane  s'  is  somewhat  doubtful.  The  faces 
w  and  n  are  yerj  rounded,  and  no  reliable  measurement  could 
be  made. 

The  planes  (.50  19  l9),  (3  2  4),  (5  3  6),  (7  2  4)  are  not 
given  by  M.  DesCloizeaux ;  and  this  is  possibly  the  first  time 
that  their  existence  has  been  recorded.  The  following  table 
gives  the  observed  and  calculated  angles  for  these  planes: — 

Calculated.  Observed. 

QA  o"-!  /^^  23|- on  the  larger  crystal. 

''3/        ...     ^020^  \  30  20i  on  the  smaller  crystal. 


a 


X 


36  15  36     1 


■r,s      ...  28  54  28  53 

r,l   (3  10  6)^  33  47  33  57  not  good. 

r,w(6  17  12)  38  9  37  52   „  „ 

L7>,w(5  1410)  38  29        „ 

...  10  19  10  16 

...  13  411  

...  34  33  35  0  near. 

g       ...  52  39  52  43 

6  <  (5  3  6)  .  50  44  50  29 

&s'(7  2  4)  .  39  m  39  10^ 

ZjA      ...  30  42  30  28i 

z,,s'     ...  27  44  28  0 
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XIV.    On  the  Dimensions  of  a  Unit  of  Magnetism  in  the  Elec- 
trostatic System  of  Measures.     By  R.  Clausius*. 

THREE  articles  in  the  June  number  of  the  Philosophical 
Magazine,  respecting  my  determination  of  the  dimen- 
sions of  the  electrostatic  imit  of  magnetism,  induce  me  to  give 
some  further  explanations  on  the  point  of  view  from  which  I 
started  in  that  determination. 

One  of  the  greatest  advances  of  physical  science  was  Am- 
pere's establishment  of  the  connexion  between  magnetism  and 
current  electricity,  and  his  pointing  out  that,  in  respect  of  its 
action,  a  small  magnet  can  be  replaced  by  a  small  closed  elec- 
tric current,  of  which  the  quantity  and  intensity  stand  in  the 
following  relation  to  the  strength  of  the  magnet: — the  pro- 
duct of  the  intensity  and  the  surface  round  which  the  current 
flows  is  equal  to  the  moment  of  the  magnet.  In  consequence 
of  this  principle,  magnetism  need  no  longer  be  regarded  as  a 
peculiar  and  separately  existing  agent,  but  to  the  word  mag- 
netism a  notion  can  be  attached  the  definition  of  which  is  to 
be  drawn  from  electrodynamics. 

But  then  it  is  evident  that  this  definition  must  be  such  as 
to  correspond  with  Ampere's  proposition  universally,  and  in- 
dependently of  the  system  of  measures  employed,  and  not 
such  that  a  current  and  a  magnet  which  are  equivalent  when 
one  system  is  employed  become  of  different  values  on  the  em- 
ployment of  another.  On  this  condition  I  have  based  my 
determination  of  the  static  unit  of  magnetism. 

Now,  ^^'ith  respect  to  Maxwell's  treatment  of  the  matter,  he 
has  in  several  passages  of  his  work  quoted  Ampere's  proposi- 
tion as  a  correct  one,  without  anywhere  adding  any  limiting 
remark  to  the  effect  that  the  proposition  is  to  be  regarded  as 
valid  only  in  the  electrodynamic  system,  and  not  in  the  elec- 
trostatic. His  units,  however,  he  has  determined  in  such  wise 
that  Ampere's  proposition  is  satisfied  only  in  the  electrody- 
namic system,  while  in  the  electrostatic  the  quantities  which 
according  to  Ampere  should  be  equal  are  represented  by  ex- 
pressions which  have  different  dimensions,  and  hence  their 
values  are  changed  in  quite  different  ways  by  an  alteration  of 
the  fundamental  units. 

How  Maxwell  arrived  at  his  formula  for  the  electrostatic 
unit  of  magnetism,  which  deviates  from  Ampere's  proposition, 
it  is  impossible  to  say  with  certainty,  as  no  explanation  about 
it  is  given  in  his  work.  Nevertheless,  as  I  have  already  said 
in  my  previous  paper,  it  can  be  inferred  from  the  context  that 

*  Translated  from  the  German  MS.  commuuicated  by  the  Author. 
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the  WAX  in  which  he  has  brought  into  the  calculation  the  i'orce 
acting  hetween  an  electric  current  and  a  magnetic  pole  deter- 
mined the  derivation  of  \i\^  formula. 

If  we  suppose  given  an  electric  current  of  intensity  i  pass- 
ing along  a  straight  line  of  infinite  length,  the  force  exerted 
by  the  current  upon  a  magnetic  pole  in  at  the  distance  L  of 
the  straight  line  will  be  represented  by  2/?/iL~',  provided  thai 
I  and  m  be  measured  in  electrodynaniic  measure.  If,  then, 
each  of  the  three  quantities  /,  »t,  and  L  is  a  unit  of  the  kind 
of  quantity  in  question,  the  expression  takes  the  value  2  and 
represents  2  units  of  force.  Hence,  introducing  the  formula 
of  the  imit  of  mechanical  force  [MLT~^],  we  can  write 

2[i»iL-']  =  2[MLT-'], 
from  which  follows 

[m]  =  [ML'-'T-], 

and,  if  for  [t]  we  substitute  [t'T"'], 

[eni]  =  \_^i-Ul-']. 

This  is  the  equation  of  MaxwelFs,  cited  in  my  preceding 
paper,  in  which  for  \_e']  he  has  inserted  the  expression  of  the 
electrostatic  unit  of  electricity  in  order  to  get  the  electrostatic 
unit  of  magnetism- 
It  is,  however,  to  be  remarked  that  in  forming  this  equation 
the  formula  of  the  unit  of  mechanical  force  is  put  for  an  elec- 
trodynaniic force,  and  thereby  the  equation  obtains  the  cha- 
racter of  an  electrodynaniic  equation,  into  which  we  must  not 
directly  put  electrostatic  units. 

In  opposition  to  this,  Mr.  Everett  says  that  my  equation 
derived  from  Ampere's  proposition  stands,  in  respect  of  the 
property  of  being  electrodynaniic,  on  a  par  with  Maxwell's. 
But  this  I  must  controvert.  Ampere's  proposition  enunciates 
that  the  forces  exerted  by  a  magnet  and  by  the  corresponding- 
electric  current  are  equal  to  one  another,  but  does  not  i-epresent 
those  forces  by  any  formula.  Maxwell's  equation,  on  the  con- 
trary, rests,  according  to  the  above  derivation,  upon  the  intro- 
duction of  a  definite  formula  for  the  electrodynaniic  force, 
namely  the  formula  of  the  unit  of  mechanical  force  ;  and  it  is 
this  circumstance  that  makes  it  an  electrodynaniic  equation, 
in  the  sense  that  it  is  not  suitable  for  application  to  electro- 
static units,  as  the  determination  of  the  latter  rests  upon  the 
representation  of  a  quite  different  force  (the  electrostatic  force 
exerted  by  two  quantities  of  electricity  upon  each  other)  by 
the  formula  of  the  unit  of  mechanical  force. 

In  Mr.  J.  J.  Thomson\s  article  another  objection  appears,  in 
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the  words  "  Mr.  "VV.  D.  Niven  has  pointed  out  to  me  that  the 
value  given  by  Clausius  for  the  dimensions  of  a  magnetic  pole 
does  not  make  the  magnetic  force  between  two  such  poles  of 
the  dimensions  of  a  force,  which  ought  clearlv  to  be  the  case." 
I  cannot  understand  this  objection.  In  the  electrodrpiamic 
system  of  measures  the  force  between  two  magnetic  poles  [mrf] 
is  represented  by  the  formula  of  mechanical  force.  Now,  if 
in  the  electrostatic  system  also  the  force  between  two  magnetic 
poles  [»?s]  is  to  be  represented  by  a  formula  of  the  same 
dimensions,  then  must  \ms]  have  the  same  dimensions  as  [w^di], 
which  is  no  more  the  case  with  Maxwell  than  Avith  me,  and 
also  cannot  be  the  case  :  while  if  instead  of  \_ms'\  the  quantity 
is  put  which  I  have  denoted  by  v.  d.  [»?^]  (the  value  of  the 
electrostatic  unit  of  magnetism  reduced  to  electrod;y^lamic 
measure),  the  expression  of  the  force  between  two  magnetic 
poles  assumes  again  the  dimensions  of  the  mechanical-force 
formula.  Mr.  S^iven  might  have  made  the  same  objection 
against  the  electrodj'namic  unit  of  electricity  as  he  has  made 
against  the  electrostatic  unit  of  magnetism. 

J.  J.  Thomson  raises  also  an  objection  of  his  own.  He  says 
that,  in  determining  magnetic  force  the  magnetic  permeahility 
fjb  of  the  medium  in  which  the  current  is  placed  must  also  be 
taken  into  account ;  and  then  he  adds  : — "  Thus  the  force  be- 
tween two  magnetic  poles  depends  on  the  medium  in  which 
they  are  placed  :  but,  according  to  Maxwell,  the  magnetic 
force  between  a  current  and  a  magnetic  pole  does  not.^^  In 
this  sentence  a  distinction  is  made  between  the  force  of  a  mag- 
netic pole  and  the  magnetic  force  of  a  current,  which  is  quite 
foreign  to  Ampere^s  theory.  According  to  that  theory  a  small 
closed  current  can  completely  replace  a  small  magnet  with 
respect  to  the  forces  exerted  by  it  upon  other  magnets  or 
closed  currents,  so  that  it  is  no  longer  necessary,  in  order  to 
explain  the  magnetic  actions  of  a  body,  to  assume  the  presence 
in  it  of  a  special  agent  to  be  designated  by  the  name  of  mag- 
netism, but  instead  of  this  we  can  suppose  that  the  molecules 
are  encircled  b}-  electric  currents,  and  that  these  exert  the 
actions  in  question.  It  is  of  course  contradicting  this  to  say 
that  the  magnetic  forces  proceeding  from  an  electric  current 
act  according  to  other  laws  than  those  which  govern  the  forces 
proceeding  from  a  magnet. 

For  all  these  reasons  I  must  continue  to  maintain  that,  if 
physicists  accept  Ampere's  theory  (which  is  certainly  done  by 
most  physicists,  and,  as  I  believe,  was  done  also  by  3Iaxwcll), 
they  must,  to  be  consistent,  accept  also  the  formula  determined 
by  me  for  the  electrostatic  unit  of  magnetism,  instead  of  the 
formula  set  up  by  Maxwell. 
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XV.  On  Double  Refraction,  produced  bij  JUlectrical  Injiuetice,  in 
Glass  and  Bisulphide  of  Carbon.     By  H.  Brongeesma*. 

[PlatelV.  fig.  5  «-/(.] 

I. 

ri'^HE  phenomena  first  observed  by  Kerrf,  and  described  in 
J-  bis  })apers  entitled  "  A  new  Relation  between  Electricity 
and  Light,"  I  have  submitted  to  a  reexamination.  The  im- 
portance oi"  the  subject,  and  the  failure  of  the  attempts  of 
various  physicists  to  repeat  Kerr's  expei'iments,  so  tai*  as  these 
relate  to  solid  bodies,  have  induced  me  to  undertake  this  inves- 
tigation. 

The  willing  readiness  of  the  Directors  of  the  "  Teyler's 
iStichting  "  at  Harlem  to  place  an  apartment  and  the  necessary 
instruments  at  my  disposal  has  made  it  possible  for  me  to 
accomplish  this  labour,  which,  as  I  hope,  has  resulted  in  pro- 
ving that  the  doubt  of  the  correctness  of  Kerr's  results  was 
not  well  founded. 

If  I  mistake  not,  Grordon  was  the  first  who  repeated  Kerr's 
experiments,  and,  indeed,  in  spite  of  all  his  carefulness,  with 
a  negative  result:}:.  In  a  work  published  subsequently §,  he 
returns  to  the  subject.  After  describing  the  phenomena  which 
he  had  once  observed  when  the  glass  Avas  perfoi-ated  by  the 
spark,  he  says: — "A  fresh  glass  plate  was  at  once  drilled,  in 
hopes  of  repeating  the  experiment  in  the  lecture  next  day  ; 
but,  oiciiiff  to  sparks  spiriugiwj  round,  we  did  not  succeed  in 
perforating  the  glass,  and  therefore  saw  only  the  faint  return 
of  light  described  by  Dr.  Kerr."  The  words  which  I  have 
italicized  make  it  in  some  degree  doubtful  if  the  phenomenon 
observed  by  Grordon  nmst  not  be  attributed  to  accidental 
causes.  I  have  found  that  a  piece  of  ordinary  plate  glass  is 
rendered  doubly  refracting  only  by  the  electric  spark  passing 
in  proximity  to  it,  or  when  a  heated  wire  is  brought  near  the 
plate. 

Mackenzie  ||  also  did  not  succeed  in  obtaining  Kerr's  pheno- 
menon.    He  thought  it  was  produced  by  heat  only. 

An  investigation  by  Rontgenlf  likewise  gave  negative 
results.  He  also  believes  that  some  accidental  influences  were 
at  work  in  those  experiments. 

*  Translated  from  "NViedemaiin's  Annakii,  1882,  no.  6,  pp.  222-233. 
t  Phil.  Mag.  [4]  vol.  1.  p.  337  {1875). 
X  Phil.  Mag.  [5]  vol.  ii.  p.  203  (187G). 

§  A  Physical  Treatise  on  Electricity  and  Magnetism,  by  J.  E.  H.  Gor- 
don, vol.  ii.  p.  247. 

II  Wiedemann's  Annalen,  ii.  p.  356  (1877).        H  Ibid.  x.  p.  77  (1880). 
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111  a  copious  memoir*,  Quincke  briefly  touches  on  this  part 
of  Kerr^s  investigation.  He  says : — "  In  fact,  plate  glass  and 
bisulphide  of  carbon  show,  according  to  Dr.  Kerr's  observa- 
tions, opposite  electric  double  refractions;  in  my  experiments 
I  found  this  confirmed  for  flint  glass  and  bisulphide  of  carbon." 
After  the  many  negative  results  attained  l)y  others,  it  is  be 
regretted  that  Quincke  has  not  described  in  detail  his  method 
of  experiment  with  glass,  as  in  the  other  parts  of  his  investi- 
gation. 

Lastly,  (jrrunmacht  did  not  succeed  in  observing  the  phe- 
nomenon. 

After  this  I  think  I  ought  to  communicate  mv  own  results, 
and  the  more  so  since,  according  to  them,  Kerr  himself  has 
not  seen  these  phenomena  in  their  whole  extent. 

In  a  piece  of  common  plate  glass  14  centim.  high,  6  centim. 
broad,  and  about  1  centim.  thick,  two  holes  about  3  millim.  in 
diameter  were  drilled  coaxially,  parallel  with  the  largest  lateral 
surface,  so  that  their  ends  remained  5  millim.  distant  from  one 
another.  Into  each  of  these  openings  a  small  quantity  of 
mercury  was  introduced,  and  then  thin-drawn-out  glass  tubes 
were  fixed  therein  with  a  mixture  of  shellac  and  wax,  through 
which  fine  copper  wires  15  millim.  in  length  were  carried  till 
they  reached  into  the  mercury.  They  were  then  thickly 
coated  to  their  ends,  together  with  a  portion  of  the  glass  plate, 
with  the  mixture  above  mentioned.  Moreover  the  plate  was 
varnished,  except  at  the  two  places  which  bounded  the  field  of 
view. 

Much  care  was  necessary  in  doing  this,  in  oi'der  to  ensure 
the  possibility  of  obtaining  a  satisfactory  difference  of  poten- 
tial. The  investigation  had  to  be  interrupted  several  times, 
partly  because  the  insulation  was  not  sufficient,  and  partly 
because  the  plate  was  perforated  by  electric  sparks. 

The  glass  plate  was  set  up  midway  between  two  nicols  15 
and  11  millim.  in  diameter  respectively,  so  that  the  incidence 
of  the  light -rays  was  perpendicular,  and  the  space  between  the 
wires  or  electrodes  occupied  the  centre  of  the  field.  The  light 
of  an  albo-carbon  lamp  (which  was  placed  in  a  sort  of  Duboscq 
lantern),  before  passing  through  the  polarizing  nicol,  fell  upon 
a  lens,  so  that  the  real  image  of  the  round  aperture  of  the  lan- 
tern coincided  with  the  centre  of  the  plate.  Afterwards,  with 
the  aid  of  a  second  lens,  mounted  in  front  of  the  analyzing 
nicol,  a  magnified  image  was  observed  by  the  eye;  and  it  was 
soon  found  that  by  this  alteration  the  method  was  improved. 
The  electric  charge  \vas  obtained  by  means  of  a  Holtz  machine, 
with  the  conductors  of  which  the  copper  wires  were  connected. 
•  Wied.  Ann.  x.  p.  637  (1880).  t  Ibid.  xiv.  p.  110  (1881). 
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In  the  first  experiment  the  planes  of  polarization  of  the 
crossed  nicols  made  an  anc^le  of  45°  with  the  horizon  (first 
position).  Without  a  glass  plate  there  was,  in  the  middle 
of  the  field,  a  dark  spot ;  the  borders  of  the  field  were  not 
completely  dark.  AVhen  the  glass  plate  was  inserted,  there 
appeared,  principally  in  consequence  of  the  drilling,  pheno- 
mena of  double  refraction  as  in  fig.  5  c. 

Soon  after  the  Holtz  machine  was  brought  into  action  the 
field  changed  :  first  the  dark  portion  between  the  electrodes 
dividetl  into  two  parts;  and  two  dark  tails  made  their  appear- 
ance, which  joined  the  electrodes  to  one  another  above  and 
below,  leaving  a  strongly  illuminated  space  of  elliptical  form 
between  them.  Gradually  these  tails  receded  from  each  other 
at  one  of  the  electrodes,  the  ellij)se  approaching  more  to  a 
parabola.  Fig.  6  a  shows  the  phenomenon  as  it  appeared 
when  the  difi'erence  of  potential  was  the  greatest  possible. 
After  about  three  minutes'  powerful  working  of  the  machine, 
the  field  underwent  no  further  perceptible  change ;  the  maxi- 
mum action  had  therefore  been  attained.  After  a  sudden 
discharge  the  phenomenon  vanished,  at  first  rapidly,  and  then 
more  slowly;  and  within  three  minutes  every  thing  was  again 
as  before  the  experiment. 

Having  placed  before  the  analyzing  nicol  a  plate  of  calc 
spar  polished  perpendicularly  to  the  axis,  I  saw,  on  repeating 
the  experiment,  the  black  cross  In  the  plate  change  into  a  hy- 
perbola; so  that  the  light  must  have  been  elliptically  polarized. 

A\^hen,  instead  of  the  calc-spar  plate,  I  took  a  vertically 
compressed  glass  plate,  and  slowly  increased  the  pressure,  the 
tails  of  fig.  5  a  approached  one  another,  at  last  they  assumed 
the  above-mentioned  elliptic  shape,  and  with  still  stronger 
pressure  the  phenomenon  disappeared. 

If  the  calc-spar  plate  was  now  again  placed  before  the  ana- 
lyzing nicol  without  any  pressure  taking  place  upon  the 
compensating  glass  plate,  with  increasing  difference  of  poten- 
tial the  black  cross,  as  remarked  above,  was  converted  into  a 
hyperbola.  By  gentle  vertical  pressure  of  the  compensating 
glass  plate  the  hyperbola  was  again  converted  into  the  black 
cross. 

If  the  polarization-planes  of  the  nicols  were  directed  hori- 
zontally and  vertically  (second  position),  the  phenomenon 
appeared  as  in  fig.  5  b. 

The  phenomena  of  double  refraction  with  the  first  position 
were  seen  by  Dr.  Kerr  incompletely  ;  and  he  did  not  succeed 
in  observing  those  which  accompany  the  second  position, 
perhaps  because  his  field  of  view  was  too  small  to  take  in  the 
whole.     By  placing  the  glass  lens  in  front  of  the  analyzing 

Fhil.  Mag.  S.  5.  Vol.  14.  No.  86.  Aug.  1882.  K 
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prism  and  mounting  the  plate  movable  horizontally  and  verti- 
cally, by  which  different  parts  could  be  successively  brought 
into  the  field,  I  succeeded  in  improving  his  method.  It  is, 
however,  very  possible  that  the  kind  of  glass  used  by  Kerr 
was  not  without  influence  upon  the  result.  According  to  my 
experiments  a  piece  of  very  hard  English  glass,  of  the  same 
thickness  (18  millim.)  as  that  employed  by  Kerr,  becomes 
stronglv  doubly  refracting  in  consequence  of  the  drilling. 
With  it  the  described  phenomena  were  only  faintly  shown. 

Of  other  glass  plates,  some,  which  in  consequence  of  the 
drilling  had  become  much  more  strongly  doubly  refracting 
than  those  above  mentioned,  yielded  perceptible  but  much  less 
distinct  results. 

The  above  is  besides  in  complete  accordance  with  the  result 
derived  by  Kerr  from  his  experiments — namely,  that  glass 
under  the  action  of  electrical  influence  behaves  like  glass  which 
is  compressed  in  the  direction  of  the  lines  of  force. 

The  difficulties  in  this  investigation  are  not  inconsiderable. 
For  it  is  necessary  to  make  the  difference  of  potential  very 
great ;  and  then  many  a  glass  plate  is  perforated  by  sparks. 
Besides  this,  it  is  not  easy  to  insulate  sufficiently  the  conduct- 
ing connexions.  To  this  must  be  added  that  many  glass  plates 
become  so  strongly  doubly  refracting  in  consequence  of  the 
drilling  as  to  be  useless  for  the  investigation.  This  was  the 
case  chiefly  with  plates  whose  apertures  were  drilled  with  a 
metallic  instead  of  a  diamond  drill,  presumably  in  consequence 
of  the  great  pressure  attending  the  employment  of  the  former. 
The  influence  of  the  nature  of  the  glass  I  have  not  yet  been 
able  to  observe. 

Kerr  saw  in  these  phenomena  a  confirmation  of  Faraday's 
theory  respecting  dielectrics.  That  great  physicist  already 
regarded  it  as  probable  that  under  the  influence  of  electricity 
an  isotropic  body  passes  into  the  anisotropic  state,  so  that  it 
behaves  like  a  doublv  refractino-  crvstal.  He  did  not,  how- 
ever,  succeed  in  confirming  this  by  experiment.  Still,  in  my 
opinion,  it  is  not  sufficiently  proved  that  these  phenomena 
cannot  be  of  a  secondary  order.  The  motions  of  the  mole- 
cules, on  their  arrangement  in  a  limited  portion  of  the  plate, 
may  have  for  their  consequence  a  development  of  heat ;  and 
this,  again,  may  be  the  cause  of  the  observed  double  refrac- 
tion, as  Werner  Siemens  has  already  experimentally  demon- 
strated by  the  heating  of  the  insulating  medium  of  a  condenser 
accompanying  the  charge  and  discharge  *.  I  hope  that  a  con- 
tinued investigation  will  soon  enable  me  to  enunciate  a  defi- 
nite view. 

*  Berl.  Monatsber.  1864,  p.  GU. 
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II. 

In  his  subsequent  memoirs*  Kerr  treats  of  double  refrac- 
tion of  liquids  produced  by  electrical  influence.  Routgen  has 
repeated  Kerr's  experimentsf.  He  made  use  of  a  larger  nicol 
than  Kerr  employed,  and  by  so  doing  gained  the  important 
advantage  of  beino-  able  to  have  a  better  view  over  the  whole. 
The  results  of  the  two  investigations  agreed  in  the  main. 
Only,  with  the  horizontal  and  vertical  position  of  the  polari- 
zation-planes of  the  nicol,  Kerr  observed  no  or  only  an 
irregular  light-phenomenon;  while  according  to  Rontgen^s 
observations  the  phenomenon  with  this  position  of  the  nicol 
w^as  complementary  to  that  accompanying  the  first  position. 
Rontgen,  however,  appears  not  to  have  seen  this  phenomenon 
in  its  entirety,  as  will  be  shown  subsequently. 

In  my  experiments  a  square  glass  jar  5  centim.  broad  and 
9  centim.  high,  filled  with  bisulphide  of  carbon,  was  employed. 
In  the  centres  of  two  parallel  sides,  apertures  of  about  3  cen- 
tim. diameter  were  made,  which  were  again  closed  by  glass 
plates  0'2  centim.  thick.  The  jar  was  set  up  midway  between 
the  nicols,  upon  an  ebonite  stand,  so  that  the  light-rays  fell 
perpendicularly  onto  the  thin  glass  plates.  Apertures  were 
also  made  in  the  centres  of  the  two  other  sides,  to  admit  the 
electrodes.  The  latter  were  tightly  screwed  on  copper  wires, 
which,  inclosed  in  thin  glass  tubes,  were  fixed  in  the  apertures 
with  sealing-wax.  Each  of  these  copper  wires  was  connected 
with  one  of  the  conductors  of  the  Holtz  machine. 

In  order  to  avoid  particles  of  dust,  the  bisulphide  of  carbon 
had  to  be  repeatedly  filtered  from  a  bottle  into  the  experiment- 
vessel  and  rice  versa.  Finally  the  vessel  was  filled  with  bisul- 
phide of  carbon  from  a  third  bottle. 

In  the  first  experiment  one  electrode  was  a  brass  disk  of 
]2'7  millim.  diameter  and  7*8  millim.  thickness,  the  other  a 
sphere  of  8"5  millim.  diameter.  The  axis  of  the  disk  was  hori- 
zontal ;  and  its  prolongation  passed  through  the  centre  of  the 
sphere.  The  polarization-planes  of  the  nicols  were  constantly 
perpendicular  to  one  another,  and  made  an  angle  of  45°  with 
the  horizon,  and  consequently  also  with  the  direction  of  the 
lines  of  force  in  the  centre  of  the  field  of  view.  As  soon  as 
the  machine  worked,  the  phenomenon  represented  in  fig.  be, 
as  nearly  as  possible,  was  observed.  The  middle  of  the  field 
was  brightly  illuminated,  and  most  brightly  in  the  immediate 
vicinity  of  the  electrodes,  which  is  not  given  in  the  figure. 

*  Phil.  Mag.  [4]  1.  p.  446  (1875) ;  [5]  viii.  pp.  85,  229  (1879)  ;  [5]  ix. 
p.  157  (18,s0). 

t  Wied.  Ann.  x.  p.  80  (1880). 
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Two  black  tails  issue  from  the  sphere,  at  points  the  radii  be- 
longing to  which  make  an  angle  of  90°,  which  is  bisected  by 
the  axis  of  the  disk.  Two  other  black  tails  issue  from  the  disk, 
whose  directions  at  the  beginning  likewise  form  an  angle  of 
45°  with  the  horizon.  A  glass  plate  placed  before  the  analy- 
zing nicol,  upon  the  centre  of  which  the  rays  fell  perpendicu- 
larly, had,  with  an  extremely  gentle  horizontal  pressure,  the 
following  influence  upon  the  phenomenon: — With  slowly  in- 
creasing difference  of  potential,  first  a  small  black  bow,  nearly 
in  the  form  of  a  semicircle,  with  its  centre  in  the  point  of  the 
surface  of  the  spherical  electrode  where  the  prolongation  of  the 
disk-axis  cut  that  surface,  was  observed.  Further,  this  bow 
divided  into  two  branches  connecting  two  points  of  the  sphere 
with  two  points  of  the  disk.  These  branches  receded  con- 
stantly further  from  one  another  till  at  length  fig.  5  e  again 
came  into  view.  If  the  glass  plate  was  pressed  somewhat 
more  forcibly,  the  two  first-mentioned  phases  of  the  pheno- 
menon, and  with  still  stronger  pressure  the  first  only,  namely 
the  black  bow,  w^ere  observed.  If  the  pressure  was  still  further 
enhanced,  the  entire  field  remained  uniformly  illuminated, 
even  when  the  potential-difference  was  the  greatest  possible. 
If,  with  a  great  potential-difference,  the  horizontal  pressure 
upon  the  glass  plate  is  slowly  increased,  the  same  phenomena 
follow  in  reverse  order,  fi'om  fig.  5e  to  the  above-described 
black  bow,  which  is  seen  to  become  slowly  smaller  till  at  last  it 
vanishes. 

If  on  the  repetition  of  the  experiment  without  the  com- 
pressed glass  plate  the  potential-difference  is  slowly  increased, 
the  same  transitions  can  be  remarked,  as  it  appeared  to  me,  as 
were  observed  when  a  gently  compressed  plate  was  employed; 
only  the  first  transitions  were  slight  and  less  distinctly  marked, 
so  that  already  with  a  proportionally  slight  difference  of  poten- 
tial the  j^henomenon  is  seen  as  in  fig.  5e,  at  first  faint,  but 
gradually  coming  out  sharp  and  clear.  If  the  origin  of  the 
black  tails  at  the  sphere  be  joined  to  its  centre,  the  angle  which 
the  lines  thereby  formed  make  with  the  horizon,  on  the  poten- 
tial-difference diminishing  and  without  a  horizontally  com- 
pressed glass  plate,  or  with  the  potential-difference  constant 
and  with  increasing  horizontal  pressure  upon  the  glass  plate, 
becomes  smaller;  but  in  no  case,  not  even  wuth  the  greatest 
possible  potential-difference,  does  this  angle  become  greater 
than  45°. 

If  the  glass  plate  was  exposed  to  a  vertical  pressure,  with 
increasing  pressure  the  tails  issuing  from  the  sphere  and  those 
issuing  from  the  disk  removed  further  from  one  another,  so 
that  the  illuminated  intervals  at  the  sides  of  the  electrodes 
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became  smaller  (as  in  fig.  be).  At  last  these  tails  were  com- 
pletely squeezed  against  the  electrodes;  and  with  still  stronger 
pressure  they  disappeared.  With  a  greater  diflerence  of  po- 
tential they  emerge  again,  to  again  vanish  in  consequence  of 
stronger  pressure.  Both  with  horizontal  and  with  vertical 
pressure  of  the  glass  plate,  a  slight  difference  of  potential  with 
gentle  pressure  has  the  same  effect  as  a  great  potential-differ- 
ence with  stronger  pressure.  The  latter  agrees  with  what  was 
found  by  Rontgen. 

When  I  substituted  for  the  compressed  glass  plate  a  plate 
of  calc  spar  cut  perpendicularly  to  the  axis,  I  convinced  myself 
that  here  also  the  light  was  elliptically  polarized.  Before  the 
machine  worked,  the  coloured  rings  with  the  black  cross  ap- 
peared. When  the  machine  commenced  working,  the  latter 
changed  into  a  hyperbola  ;  the  ends  of  the  two  branches 
of  the  hyperbola  receded  further  from  each  other  as  the 
potential-difference  increased. 

If  the  polarization-planes  of  the  nicols  were  brought  into  a 
horizontal  and  a  vertical  position,  the  phenomenon  of  fig.  5/ 
showed  itself  already  at  a  slight  potential-difference  ;  at  a 
greater  difference  it  became  sharp  and  distinct.  With  this 
position  Kerr  did  not  obtain  any  evident  results,  probably 
because  in  his  experiments  the  field  of  view  was  too  small  for 
him  to  see  the  whole  of  the  phenomenon.  But  how  it  was 
that  Eontgen*  saw  only  the  black  horizontal  line  that  issues 
from  the  sphere  is  so  much  the  more  inexplicable,  as  he  with 
different  electrodes,  and  with  vessels  of  different  widths,  always 
found  the  same  results.  I  have  repeated  this  experiment  with 
electrodes  corresponding  exactly  in  dimensions  with  those  em- 
ployed by  Eontgen.  Yet  this  did  not  alter  the  phenomenon, 
any  more  than  an  alteration  of  the  distance  of  the  electrodes 
from  2' 7  to  5  millim.  In  frequent  repetitions  of  this  experi- 
ment it  was  always  seen  by  me  unchanged  ;  and  even  the 
results  obtained  with  two  spherical  electrodes  agree  with  this, 
as  will  be  subsequently  shown. 

With  horizontal  and  vertical  pressure  upon  the  glass  plate 
while  it  again  occupied  the  previously  mentioned  position,  the 
phenomenon  was  unchanged  if  the  glass  was  placed  so  that 
the  black  cross  was  midway  between  the  electrodes. 

When  the  direction  of  the  pressure  upon  the  glass  plate 
made  an  angle  of  45°  with  the  horizon,  the  figure  was  unsym- 
metrical.  This  is  also  the  case  when  the  nicols  are  gradually 
moved  out  of  the  second  into  the  first  position.  The  figures 
then  form  a  transition  between  fig.  5e  and  fig.  5/.  The  latter 
also  accords  with  Eontgen's  results. 

*  See  fig  5  of  his  paper. 
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In  a  further  experiment  the  electrodes  were  brass  balls  of 
8'5  millim.  diameter.  With  the  nicols  in  the  first  position 
fior.  hg  appeared;  in  the  second,  fig.  5  A.  Horizontal  and  ver- 
tical pressure  upon  the  glass  plate  had  the  same  effect  as  in 
the  first  experiment.  I  obtained  completely  accordant  phe- 
nomena also  with  spherical  electrodes  of  larger  dimensions. 
If  one  electrode  was  a  sphere  of  14  millim.  and  the  other  a 
sphere  of  8"5  millim.  diameter,  this  made  just  as  little  dif- 
ference. 

At  first  I  thought  that  a  movement  of  the  electricitv  from 
one  of  the  electrodes  to  the  other  would  have  a  great  infiuence 
upon  the  phenomenon.  This  induced  me  to  make  the  follow- 
ing experiments. 

Two  cylindrical  electrodes  were  placed  coaxially.  One  of 
their  opposed  surfaces  was  furnished  with  fine  points.  Fig.  bd 
shows  the  phenomenon  which  was  observed  with  the  nicols  in 
the  first  position.  That  which  appeared  with  the  second  posi- 
tion was  very  similar  to  fig.  5/. 

In  the  next  experiment  two  thermometers  whose  spherical 
bulbs  had  an  external  diameter  of  13  millim.  were  employed 
as  electrodes,  their  mercury  being  conductively  connected  with 
the  Holtz  machine  :  thereby  neither  a  dark  nor  a  spark-dis- 
charge could  take  place  through  the  liquid;  so  that  the  poten- 
tial-difference could  be  raised  very  high.  The  striking-distance 
of  the  machine  was  now  as  great  as  when  the  condensers  were 
not  connected  to  the  electrodes.  The  phenomena  observed, 
both  with  the  first  and  with  the  second  position  of  the  nicols, 
agreed  with  those  obtained  with  spherical  electrodes  (figs,  bg 
and  5  A).  Only  with  the  first  position  of  the  nicols  was  the 
field  illuminated  between  the  electrodes,  while  the  black  tails 
at  the  sides  of  the  electrodes  were  much  less  distinctly  visible. 
With  the  second  position  such  a  difterence  was  not  to  be  per- 
ceived. On  repeating  this  experiment  with  spherical  copper 
electrodes  completel}^  inclosed  in  glass  tubes,  I  obtained  the 
same  results. 

Further,  it  is  noteworthy  that  the  liquid,  which  in  the  expe- 
riments with  uncovered  electrodes  was  constantly  in  motion, 
now  remained  at  rest.  Only  during  a  few  seconds,  as  the 
machine  was  beginning  to  work,  were  very  delicate  undula- 
tions to  be  seen  when  the  polarization-planes  of  the  nicols 
formed  an  angle  of  about  90°  with  one  another,  so  that  the 
field  of  view  was  feebly  illuminated  previously. 

That  with  Kerr's  and  Rontgen^s  method  of  experiment  a 
dark  discharge  takes  place  through  the  liquid  was  ascertained 
by  both  physicists  ;  and  they  deem  this  fact  not  unimportant 
for  the  explanation  of  the  phenomena.     From  the  experiments 


Notices  respecting  JSfeio  Boohs,  135 

just  mentioned,  however,  it  is  evident  that  such  a  discharge  is 
not  requisite,  any  more  than  a  violent  motion  of  the  liquid. 

That  view  would  also  be  untenable  for  this  reason,  because 
we  have  here  to  do  with  ellipticallj  polarized,  and  not  with 
depolarized  light. 

If  it  is  further  shown  that  explanations  which  rest  upon  the 
hypothesis  that  electricity  may  produce  these  phenomena  indi- 
rectly, are  not  confirmed  by  an  experimental  investigation,  it 
becomes  more  and  more  probable  that  we  have  to  do  here  with 
a  hitherto  unknown  action  of  electricity  on  the  light-undula- 
tions; and  then  Kerr's  phenomena,  as  Rontgen  justly  says, 
acquii-e  an  extraordinarily  fundamental  significance. 

I  hope  soon  to  touch  this  subject  again. 

Harlem,  March  1882. 


XVI.  Notices  respecting  New  Booh. 

(i)  Mathematical  Papers  by  William  Kingdom  Cliffoed.  Edited 
by  EoBEET  Tucker,  ivith  an  Introduction  by  H,  J.  Stephen 
Smith.     Londou  :  Macmillan  and  Co.  1882.  (8vo,  pp.  Ixx,  658.) 

(ii)  Mathematical  Fragments,  being  Facsimiles  of  his  unfinished 
Papers  relating  to  the  Theory  of  Graphs,  by  the  late  W.  K.Cliffokd. 
London  :  Macmillan  and  Co.  (Fol.,  pp.  22.) 
T^O  those  uho  remember  the  late  W.  K.  Clifford's  appearance  as 
-*-  a  rising  mathematician  of  singularly  brilliant  promise,  one 
likely  to  extend  the  limits  of  knowledge  in  any  of  the  various 
fields  of  JNEathematics  to  which  he  might  be  led  to  apply  his  powers, 
his  short  career  of  little  more  than  a  decade  uould  seem  a  mere 
dream,  but  for  the  substantial  evidence  of  his  energy  and  pro- 
ductiveness contained  in  the  thick  volume  of  more  than  six 
hundred  octavo  pages  (one  third  consisting  of  matter  in  close  type) 
which  we  have  here  to  notice.  And  it  is  to  be  borne  in  mind  that 
the  publication  of  this  volume  has  been  preceded  by  the  collection 
of  two  volumes  of  Lectures  and  Essays  produced  subsequently  to 
Cbfford's  removal  from  Cambridge  to  Loudon  in  1871.  The  former 
publication  (of  more  popular  matter,  but  handled  invariably  with 
characteristic  scientific  precision  and  freshness),  together  with 
the  collection  which  forms  the  subject  of  the  present  notice,  may 
interest  (and  they  are  deeply  interesting)  from  either  of  two  points 
of  view, — one  of  which  has  occupied  the  pen  of  Prof.  H.  J.  S. 
Smith  in  a  masterly  Introduction ;  and  the  other  will  be  more  par- 
ticularly here  dwelt  on — the  study  of  the  growth  of  a  singularly 
gifted  genius  as  it  derived  fresh  aliment  from  extended  acquaint- 
ance with  the  work  and  speculations  of  kindred  minds,  and  visibly 
waxed  stronger  and  stronger  in  its  own  powers  by  their  exercise  on 
problems  of  ever  increasing  height  and  subtlety. 
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The  absence  o£  any  kind  of  arrangement  of  these  Papers  with 
reference  either  to  subject  or  date  is  much  to  be  regretted — "  tan- 
tum  series  juncturaque  poUet."  For  the  absence  of  chronological 
order  an  apology  is  offered  in  the  Preface ;  and  some  amends 
are  made  by  a  chronological  Table  therein  drawn  up,  which 
rather  serves  to  show  that  the  apology  might  have  been  rendered 
needless,  as  far  as  any  difficulty  in  assigning,  with  at  least  approxi- 
mate accuracy,  their  dates  to  the  few  doubtful  papers.  At  all 
events,  the  chronological  order  of  the  greater  part  is  clear  of  doubt ; 
and  had  this  order  been  followed,  the  effect,  on  a  reader  able  to  fol- 
low intelligently  and  appreciatively  the  matter  of  the  Papers,  would 
have  been  a  sense  of  harmonious  development  of  an  almost  unique 
genius  among  the  English  mathematicians  of  his  generation. 

Thus,  in  the  earliest  papers  (contributed  to  the  three  leading  ma- 
thematical serials  of  this  country,  and  covering  the  period  from 
1863  to  the  completion  of  his  undergraduate  career,  with  the  next 
year  or  two)  reference  is  made  to  the  higher  geometrical  text-books 
only,  which  occupy  the  attention  of  the  candidate  for  a  good  place 
on  the  Tripos  :  they  contain  no  strikingly  new  results,  but  i-ather  re- 
produce, with  extensions  and  novelties  of  algorithm,  results  already 
known.     These  papers  are  of  an  exclusively  geometrical  character. 

During  the  three  or  four  years  interveniug  between  taking  his 
degree  and  his  removal  to  London  (1871)  his  mathematical  commu- 
nications were  made  to  the  Cambridge  University  Philosophical,  and 
London  Mathematical  Societies,  or  to  Section  A  of  the  annual  British 
Association  Meeting — the  one  exception  being  a  geometrical  paper 
commenced  in  the  '  Messenger,'  October  1869  (erroneously  assigned 
to  1870  in  the  chronological  list),  in  Mhich  he  urges  the  greater 
cultivation  of  the  methods  of  Synthetic,  or  Organic,  Geometry; 
and,  droUy  enough,  makes  a  reference  (no  doubt  second-hand)  to 
St.  Thomas  Aquinas,  of  all  authorities  on  a  geometrical  question ! 
Among  these  papers  occur  two  purely  analytical : — the  "  Proof 
that  every  Eatioual  Equation  has  a  root"  (which  attracted  much 
attention  at  the  time),  and  the  closely  connected  (though  separated 
by  some  140  pages  in  the  reprint)  "  Case  of  Evaporation  in  the 
Order  of  a  Resultant."  In  both  these  papers  the  subjects  are  treated 
"with  a  masterly  conciseness.  The  "  Lecture  Notes,"  drawn  up,  as 
we  are  informed,  for  tutorial  lectures  at  Triinty  College,  Cambridge, 
in  1870,  show  a  gradually  extended  course  of  reading.  They  com- 
mence with  the  emphatic  words  "  Geometry  is  a  physical  science  " 
(probably  adopted  from  Mill,  '  Logic,'  ch.  xxiv.)  ;  and  in  them 
Eiemann  is  for  the  first  time  quoted — a  mathematician  whose 
short  but  brilliant  career  of  Professor  Extraordinary  at  Gottingen 
had  terminated  in  1866,  after  a  few  years  of  struggle  against  the 
disease  which  was  sapping  his  life,  as,  a  few  years  later,  it  was  to 
lay  Clifford  in  his  grave.  Thei-e  is  pervadiug  these  "  Notes "  a 
slrong  flavour  of  Hankel's  Vo^^lesiingen  iiber  die  comjplexen  ZaJilen 
(1867),  which  probably  accounts  for  the  references  to  Piemann, 
Gauss,  Argand  (other\^  ise  a  name  almost  unknown  to  mathema- 
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ticians  of  the  present  generatiou,  but  whom  Haukel  characterizes  as 
the  true  founder  of  the  method  of  i-epresenting  a  complex  geome- 
trically), Cauchy,  and  Grassmann. 

The  years  1871,  1872  produced  only  five  short  Mathematical 

Papers,  the  most  considerable  being  an  extension  to  tridimensioual 

space  of  a  plane  theorem  of  the  late  Mr.  Cotterill's,    In  the  Editorial 

note  to  the  first  of  these  (p.  234)  "  nodal  conic  "  should  be  "  nodal 

cone."    In  1873  appear  evidences — from  his  translation  of  Eiemann's 

Essay  "  on  the  Hypotheses  which  lie  at  the  basis  of  Greometry,"  and 

the  '"'  Preliminary  Sketch  of  Bi quaternions  " — of  Chfford's  thoughts 

having  been  dii-ected  to  speculation  on  hyper-dimensional  space, 

'  a  subject  reverted  to  in  a  succession  of  papers  down  to  the  close 

of  his  career — the  last  being  the  unfinished  "  Classification  of  Loci  " 

(Phil.  Trans.  1878).     On  the  whole  of  this  subject  Prof.  H.  J.  S. 

Smith's  masterly  analysis  will  be  the  reader's  best  guide.     To  the 

same  year  belongs  the  first  of  his  two  contributions  to  the  Phil. 

Trans*.,   "  On  Mr.   Spottiswoode's  Contact  Problems."     The  year 

1874,  though  one  of  great  activity  in  other  scientific  directions, 

produced  no  published  mathematical  papers  ;  the  abstracts  of  his 

communications  to  the  British-Association  Meeting  showing  that 

Clifford  took  his  part  in  the  PeaucelJier  "  revival"  of  the  period, 

and  in  following  up  the  idea  of  bringing  Chemical  Equations  under 

a  general  formula. 

The  published  mathematical  papers  of  the  next  three  years  were 
contributions  to  the  Mathematical  Society's  '  Proceedings,'  those 
which  attracted  most  attention  being  : — (i.)  "  On  the  Transforma- 
tion of  EUiptic  Functions "  (1875) — suggested  by  a  paper  of 
Dr.  Liiroth's  in  the  Matlmnatisclie  Annalen,  Bd.  I., — followed  by 
"  Notes "  thereon  (1876),  in  which  Darboux's  priority  both  in 
matter  and  method  on  certain  points  is  acknowledged  and  the 
geometric  proof  of  the  transformation-formulae  is  restated  and 
completed  ;  (ii.)  "  On  the  Canonical  Form  and  Dissection  of  a  Eie- 
mann's Surface  " — a  most  characteristic  example  of  Clifford's  powers 
in  its  kind.  But  these  three  years  produced  many  papers  left 
incomplete  by  the  author  and  now  printed  as  left.  Some,  which 
are  mere  fragments,  were  apparently  the  commencements  of  papers 
to  be  offered  to  the  Societies  or  Mathematical  Journals  ;  others  are 
more  probably  compilations  to  form  the  bases  of  courses  of 
Lectures  planned,  but  destined  never  to  be  carried  out.  A 
singular'  and  doubly  melancholy  contribution  to  the  volume  is  the 
late  Miss  Watson's  series  of  notes  of  the  course  of  Lectures  on 
Quaternions  which,  as  a  student  of  LTniversity  College,  London, 
she  attended.  This  was  probably  the  first  instance  of  public 
instruction  in  Quaternions  offered  in  England.  In  Edinburgh  it 
has  been  for  some  years  a  recognized  subject  in  the  Mathematical 
Curriculum,  having  been  introduced  by  the  late  Prof.  Kelland  and 
by  Prof.  Tait — the  most  skilled  adept  in  the  method  among 
English  mathematicians,  and  whose  elementary  Treatise  has  been 
the  source  whence  most  of  the  younger  mathematicians  who  have 
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paid  attention  to  the  method  have  derived  their  first  knowledge  of 
its  principles.  It  is  one  of  the  losses  which  University  College, 
London,  has  most  to  lament  in  Clilford's  death,  that  with  him 
has  apparently  died  the  effort  to  establish  the  elements  of  Qua- 
ternions in  its  Mathematical  programme.  Strangely  enough,  in 
France,  too,  the  most  flourishing  School  of  Quaternions  is  not  to  be 
found  in  Paris,  but  in  the  provincial  Faculty  of  Bordeaux.  Apart 
from  the  interest  of  their  authorship,  it  might  be  a  question 
whether  Clifford  would  have  wished  these  Lecture  Xotes  to  have 
been  published  among  his  own  papers.  Whatever  there  is  novel 
in  the  treatment  is  probably  incorporated  in  his  '  Dynamic ; '  and  a 
cursory  examination  of  a  page  or  two  indicates  the  necessity  of  a 
revision  of  the  K^otes  by  some  one  conversant  with  the  subject. 
Thus  at  p.  502,  "  a  point  of  no  velocity  "  is  an  error  for  "  no 
acceleration,"  and  the  whole  paragraph  is  a  corollary  to  one  in  the 
foUouang  page  ;  wherein,  again,  a  reference  to  "  equation  (2)  " 
should   be  a  reference    to  another   equation  not   numbered,  just 

above.  Such  errata  as  0  for  0  are  either  typographical  or  con- 
sequences of  the  hurry  of  note-taking. 

Of  much  more  general  interest  will  be  the  unfinished  "  Algebraic 
Litroduction  to  Elliptic  Functions,"  in  which,  though  Prof.  Smith 
finds  that  it  "  contains  no  new  results  and  perhaps  no  origiiml 
methods  of  investigation,"  the  most  recent  contributions  to  the 
subject  by  Eosenhain,  Konigsberger,  Schroter,  Gcipel,  Cayley,  and 
Smith  had  been  incorporated.  This  "  Introduction  "  was  probably 
drawn  up  with  immediate  reference  to  his  intended  course  of  lectures 
in  University  College.  The  third  most  considerable  paper  in  the 
Appendix,  "  On  Power  Coordinates  in  general,"  should  certainly 
have  been  preceded  by  the  Xotes  on  the  Theory  of  Powers 
which  follow  it.  The  remarks  (p.  555)  with  which  the  Editor 
has  introduced  these  '  N'otes  '  are  very  unfortunate  :  if  "  they  are, 
in  places,  apparently  inaccui-ate "  and  "  it  is  not  easy  to  see  how 
the  equations  in  (I)  and  (4)  are  got,  nor  how  the  other  equation 
in  (1)  contains  a  linear  relation  between  the  powers  of  a  point 
with  respect  to  a  &c.," — of  course  cela  depend ;  but  if  Mr.  Tucker 
had  referred  his  dilliculties  in  tliis  case,  as  he  did  in  others,  to  any 
of  the  many  mathematicians  who  would  gladly  have  cleared  them 
up,  it  would  have  been  pointed  out  to  him  that  the  results  are 
perfectly  accurate  to  a  factor  pres  (as  it  might  have  been  expected 
any  such  work  of  Clifford's  would  be),  and  that  the  last' equation 
in  (1)  has  the  significance  assigned  to  it.  In  the  last  equation  but 
one  of  (4)  as  printed  there  is  certainly  an  erratum  of  the  sign  (  — ) 
for  (  X  )  ;  but  this  \\-ould  probably  not  be  found  in  the  MS. 

Of  great  interest  is  the  collection  of  Problems  and  Solutions 
from  the  '  Educational  Times  ; '  and  it  appears  that  there  is  still 
a  goodly  number  of  Questions  proposed  by  Clifford  remaining 
unanswered,  the  solutions  of  some  of  which  would  perhaps  be 
found,  in  substance  at  least,  among  the  Papers  and  Fragments  now 
for  the  first  time  published. 
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It  would  be  vaiu  to  attempt  to  convey  in  a  cursory  notice  any- 
adequate  idea  of  the  contents  of  the  thin  folio  of  lithographed 
facsimiles  of  the  fragments  on  "  Graphs,"  a  subject  which  formed 
one  of  Clifford's  communications  to  the  'Proceedings'  of  the  British 
Association  in  1875,  "  On  the  Graphical  Eepx-esentation  of  Inva- 
riants." 

To  those  who  are  acquainted  with  Clifford's  mathematical  papers, 
it  is  needless  to  remark  how  invigorating,  disciplinary,  and  sugges- 
tive the  study  of  them  is — and  that  they  are  for  the  most  part  by 
no  means  easy  of  reading,  but,  on  the  contrary,  require  a  good 
deal  of  hard  work  on  the  part  of  the  reader  to  cover  with  shorter 
steps  the  long  strides  with  which  he  gets  over  his  ground.  The 
reader  of  this  collection  is  deeply  beholden  to  Prof.  11.  J.  S.  Smith 
for  the  lucid  and  helpful  analysis  of  the  contents  with  which  he  has 
introduced  them,  and  to  Professor  Cayley  for  his  elucidatory  notes 
to  many  of  the  posthumous  papers ;  also  to  Mr.  Spottiswoode, 
P.B..S.,  as  well  for  similar  assistance  as,  we  believe,  for  his  liberality 
in  undertaking  the  cost  of  lithographing  the  Fragments  on  Graphs. 
The  labour  which  Mr.  Tucker  has  contributed  as  editor  it  is  super- 
fluous to  point  out;  and  the  circumstances  which  induced  him  to 
undertake  so  heavj''  and  responsible  a  charge  are  explained  in  the 
Prefatory  Letter.  It  is  the  best  return  we  can  make  an  editor 
for  such  labour  in  our  behalf,  to  point  out  whatever  imperfections 
and  errata  come  under  observation,  for  amendment  in  the  Second 
Edition,  which  the  interest  likely  to  be  taken  in  this  collection  may 
be  expected  to  call  for  ere  long. 

[By  the  Editors'  kindness  I  have  been  permitted  to  see  the 
above  Review  in  "  proof,"  and  to  append  to  it  the  few  remarks 
which  follow.  "Triangular"  symmetry,  I  need  hardly  say,  is 
Clifford's  own  title  to  his  paper,  though  in  line  9  he  writes,  "  1  call 

rectangular  symmetry."     In  the  Bibliography  I  state  that 

the  lower  date  of  publication  is  given  :  the  Eeviewer  is  no  doubt 
aware  that  alterations  are  frequently  made  by  authors  in  their 
papers  in  the  interval  which  elapses  between  composition  and  pub- 
lication :  I  think,  but  I  am  open  to  correction,  that  the  paper  (viii.) 
was  not  published  in  its  entirety  until  1870.  The  Eeviewer  implies, 
in  writing  of  my  remarks  on  p.  555,  that  I  made  the  arrangement 
without  consulting  any  one  else ;  but  I  can  assure  him  that  these 
two  papers  were  submitted  to  the,  I  believe,  careful  consideration 
of  one  of  my  foiu-  referees ;  and  it  was  on  his  ad\ice  that  I  took  the 
course  I  adopted  and  wrote  the  "very  unfortunate"  remarks.  I 
am  now  able  to  say  that  my  difficulties  have  been  cleared  up,  or 
nearly  so,  by  a  young  mathematician  who  is  working  on  some  of 
Clifford's  lines.  For  a  second  edition,  if  such  should  be  called  for, 
the  Eeviewer's  remarks,  and  any  further  ones  he  may  be  willing  to 
send  me,  will  be  most  acceptable. — R.  Tuckee.] 
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A  Treatise  on  the  Tlieory  of  Determinants,  with  graduated  Sets  of 
Exercises  for  use  in  Colleges  and  Schools.  By  Thomas  Muie, 
M.A.     Macmillau  :  London,  1882.     (Pp.  vi  +  240.) 

The  subject  of  Determinants  is  every  day  coming  more  and  more 
to  the  front.  As  evidence  of  this  we  may  instance  the  recent 
works  of  Mr.  Scott  and  Mr.  W.  Thomson,  and  the  chapters  in 
Messrs.  Burnside  and  Panton's  ' Theorj^  of  Equations.'  Students  are 
no  longer  shut  up  to  the  advanced  works  of  the  masters  in  the 
science  nor  restricted  to  the  small  morsels  dealt,  out  in  two  or 
three  of  our  algebraical  textbooks. 

In  Prance  M.  Dostor  has  recently  brought  out  his  Elements 
de  la  Theorie  des  Determinants  avec  application  a  VAlgebre,  la 
Trigonometric  et  la  Geometric  ancdytirpic  dans  le  plan  et  dans 
Vesp)ace ;  and  in  this  country  Mr.  Muir,  who  has  done  so  much 
good  original  work,  now  puts  forth  the  excellent  text-book  under 
notice.  Without  going  into  any  lengthened  detail,  we  may  say 
that  the  Author  does  not  touch  upon  the  Geometrical  applications 
of  Determinants ;  perhaps  he  considers  that  these  have  been  dwelt 
upon  with  sufficient  fulness  elsewhere,  and  is  only  anxious  to 
provide  his  readers  with  a  full  Algebraical  introductory  treatise. 
The  first  two  chapters  dwell  at  considerable  length  upon  Deter- 
minants in  general ;  but  the  third  chapter  treats  much  more 
concisely  of  the  various  forms  known  as  Continuants,  Alternants, 
Symmetric  and  Skew  Determinants,  Pfaffians  and  other  Deter- 
minants. Much  of  this  chapter  is  the  Author  s  own  work ;  and 
the  whole  of  it  is  very  suggestive  in  its  treatment.  There  is 
apparently  much  of  discovery  still  in  store  for  the  careful  worker 
in  this  corner  of  the  mathematical  field.  Ample  practice  is 
furnished  for  the  reader  in  a  capital  collection  of  Exercises,  to  which 
answers  are  appended  at  the  end  of  the  book.  The  fourth  chapter 
contains  a  slight  historical  sketch :  this  is  interesting ;  but  we  are 
inclined  to  regret  that  regard  to  space  prevented  Mr.  Muir  from 
extending  it.  However,  he  has  made  some  amends  by  the  publication 
in  the  '  Quarterly  Journal  of  Mathematics  '  (Oct.  1881)  of  a  "  List 
of  Writings  on  Determinants  "  (1693  to  1880),  which  was  originally 
drawn  up  for  the  present  work.  We  have  noticed  only  a  few  errata 
and  a  few  obscurities  of  expression.  These  can  be  removed  in  a 
second  edition,  which  will  no  doubt  be  soon  called  for.  Could  not 
the  work  then  be  printed  in  a  form  better  adapted  for  the 
numerous  lengthy  formulae  ? 
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May  10,  1882.— J.  W.  Hulke,  Esq.,  F.R.S.,  President, 

in  the  Chair. 

T^HE  following  communications  were  read  : — 

-*-     1.  "  On  the  lielations  of  Hybocrinus,  Baerocrinv^,  and  Ilybo- 

cystites."     By  P.  Herbert  Carpenter,  Esq.,  M.A. 

2.  "  On  the  Madreporaria  of  the  Inferior  Oolite  of  the  neigh- 
bourhood of  Cheltenham  and  Gloucester."  By  E.  F.  Tomes,  Esq., 
E.Gr.S. 

3.  "  On  the  Exploration  of  two  Caves  in  the  neighbourhood  of 
Tenby."     By  Ernest  L.  Jones,  Esq. 

4.  "  Note  on  the  Comparative  Specific  Gravities  of  Molten  and 
Solidified  Vesuvian  Lavas."     By  H.  J.  Johnston-Lavis,  Esq.,  F.G.S. 

From  some  experiments  made  on  Yesuvian  lava,  Prof.  Palmieri 
in  1875  expressed  the  opinion  that  its  specific  gravity,  when  molten, 
might  be  as  high  as  5'0,  though  when  cooled  it  is  only  2-7.  The 
author  described  the  results  of  experiments  made  in  December  1881 
on  some  lava  flowing  across  the  Atrio  del  Cavallo.  Favourable  cir- 
cumstances enabled  him  to  gain  a  position  above  a  perfectly  molten 
stream,  the  surface  of  which  was  protected  from  radiation  by  the 
heated  walls  of  a  tunnel  which  the  lava  had  already  formed  by 
cooling  of  the  crust.  Onto  this  were  dropped,  from  a  height  of 
1|  yard  : — («)  light  scoria  ;  this  floated  on  the  surface  until  lost  to 
view  (the  stream  could  be  watched  for  150  yards  or  so)  ;  (b)  fairly 
solid  lava,  with  some  vesicular  cavities  ;  this  slowly  sank,  until 
after  some  distance  it  disappeared  ;  (c)  the  most  compact  lava  that 
could  be  found,  in  which,  however,  were  a  few  small  cavities  ;  this 
sank  rapidly,  the  molten  rock  welling  up  round  it.  The  author 
considered  that  these  experiments  demonstrate  that  the  cooled  lava 
is  more  dense  than  the  molten,  and  that  the  apparently  contra- 
dictory results  obtained  by  Prof.  Palmieri  were  due  to  the  fact  that 
the  surface  of  the  stream,  by  loss  of  heat,  had  become  viscid,  so 
that  the  solid  material  floated,  though  of  greater  density.  The 
author  concluded  by  citing  other  confirmatory  evidence  of  his  view. 

May  24.— J.  W.  Hulke,  Esq.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "On  the  Geology  of  Costa  Uica."  By  George  Attwood,  Esq., 
F.G.S.,  F.C.S.,-  Assoc.  Memb.  Inst.C.E. ;  with  an  Ai:)pendix  by  W. 
H.  Hudlestou,  Esq.,  M.A.,  F.G.S.,  E.C.S. 

The  author  commenced  his  journey  at  the  town  of  Punta  Arenas, 
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on  the  Gulf  of  Nicoya.  This  stands  on  a  peninsula  composed  of 
a  calcareous  sandstone,  covered  by  a  dark  sand  consisting  of  quartz 
grains,  magnetite,  and  decomposed  felspar  and  augite.  Inland  is  an 
igneous  rock  -which  occupies,  before  long,  both  banks  of  the  Eio 
Barranca,  and  on  the  left  bank  extends  to  the  sea ;  it  is  a  greenstone 
containing  porphyritic  crystals  of  augite  and  triclinic  felspar,  and 
appears  to  contain  too  much  silica  for  a  true  dolerite,  being  rather  a 
representative  of  one  of  the  more  basic  forms  of  the  augite-andesites, 
resembling,  in  some  respects,  specimens  from  the  English  lake-dis- 
trict described  by  the  late  Mr.  Clifton  Ward.  On  this  rock,  after 
a  time,  are  found  boulders  of  a  black  augite-andesite ;  this  appears 
to  be  identical  with  the  rock  found  in  situ  in  the  Aguacate  Moun- 
tains. Here  arc  gold-  and  silver-mines,  which  were  described.  In 
the  ravine  of  the  Eio  Grande  lignites  are  found.  Below  this  is  a 
series  of  ancient  lakes,  which  on  the  Pacific  slopes  have  been  tapped 
by  the  Eio  Grande,  on  the  Atlantic  by  the  Bio  Eeventazon.  Here 
also  the  coujitry  rock  is  the  greenstone  already  described  ;  and  near 
Cartage  there  are  boulders  of  trachyte.  The  volcano  of  Irazu  is  a 
trachj-te,  probably  a  quartz-trachyte,  forming  an  important  building- 
stone.  Augite-andesites  are  found  at  La  Palma,  about  twelve  miles 
N .W.  of  the  volcano.  Irazu,  a  volcano  at  present  passive,  but  with 
blow-holes  of  gas,  is  between  11,000  and  12,000  feet  in  height. 
Turrialba,  of  about  the  same  elevation,  is  still  feebly  active. 

The  author  is  of  opinion  that  the  iilling  of  the  mineral  lodes 
(ancient  fissures)  in  the  Aguacate  Mountains  took  place  in  Tertiary 
times,  probably  Pliocene,  and  that  this  infiltration  was  contempo- 
raneous with  the  eruption  of  the  augite-andesites  in  the  same  region. 
The  quartz-trachytes  and  sandstones  are  certainly  post-Tertiary. 

2.  "  On  a  remai'kable  Dinosaurian  Coracoid  from  the  Wealden  of 
Brook  in  the  Isle  of  "Wight,  preserved  in  the  "Woodwardian  Museum 
of  the  ITniversitv  of  Cambridge,  probably  referable  to  Ornithopsisr 
By  Prof.  H.  G.  Seeley,  F.E.S.,  F.L.S.,  F.G.S.,  &c. 

3.  "  On  the  Xewer  Pliocene  Period  in  England."  Bv  S.  Y.  Wood, 
Esq.,  F.G.S.     (Concluding  Part.) 

In  this  part  the  author  continued,  from  the  first  part  of  the  paper 
(published  in  the  Journal  of  the  Society  for  18S0),  his  examination  of 
the  conditions  which  accompanied  the  emergence  of  England  duiing 
the  retreat  of  the  ice  of  the  Chalky  Clay,  and  described  the  damming- 
up  of  the  valleys  which  drain  to  the  Wash  by  that  ice  after  the 
water-partings  between  their  systems  and  those  of  the  Severn  and 
Thames  had  emerged,  whereby  the  fresh  water  in  these  valleys  was 
raised,  so  as  to  overflow  the  minor  water-partings  within  their  sys- 
tems and  cover  them  with  gravel,  such  as  that  at  Casewick,  within 
the  Welland  system  (described  by  Prof.  Morris  in  vol.  ix.  of  the 
Journal),  and  those  of  Cambridgeshire,  described  by  Mr.  Jukes- 
Browne.  He  referred  the  freshwater  bed  at  Casewick,  covered 
by  this  gravel,  and  the  palaeolithic  brick-earth  of  Brandon  and 
Mildenhall  (which  is  overlain  as  well  as  underlain  by  the  Chalky 
Clay)  to  the  time  immediately  antecedent  to  this' — the  slight  advance 
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of  the  ice  which  thus  blocked  up  and  raised  the  water-line  within 
the  systems  of  the  Welland,  Nen,  Ouse,  and  Cam  having  overridden 
this  brick-earth  and  covered  it  with  the  Chalky  Clay. 

He  then  described  the  gravel  (/  of  his  figures)  of  the  Thames 
valley,  and  showed  that  it  was  the  continuation  of  the  gravel  previ- 
ously desciibed  by  him  as  synchronous  with  the  Chalky  Clay,  and 
which,  as  described  by  him  in  the  first  part  of  his  paper,  was  over- 
lain,  and  also  underlimi  by  that  clay,  it  inosculating  Avith  those 
gravels,  up  the  valleys  of  the  Lea  and  (Middlesex)  Colne, 

He  then  described  the  Ci/rena-Jluminalis  formation,  which  he 
showed  as  originating  in  a  dejDression  which  raised  the  water-line  in 
the  Thames  valley  at  Grays  and  Crayford  to  about  100  feet  above 
the  present  sea-level,  and  proportionately  higher  on  the  west  of 
London  ;  and  described  the  formation  as  consisting,  at  Grays,  of  four 
divisions,  which  in  their  upward  order  he  called  1,  2,  3,  and  4, — 
No.  1  being  the  gravel  base,  Xo.  2  mostly  brick-earth  with  freshwater 
shells,  No.  3  yellow  sand  containing  freshwater  shells  in  the  lower 
part,  but  uufossiliferous  and  false-bedded  in  the  upper,  and  No.  4, 
a  clay  or  loam,  also  unfossiliferous. 

These,  he  showed,  are  mutually  transgressive,  both  at  Grays  and 
at  Clacton,  No.  3  at  Clacton  becoming  estuarine  by  the  intermixture 
of  marine  shells  with  the  Oyi-ena,  and  No.  4,  a  loamy  gravel  which  is 
unfossiliferous,  while,  from  its  greater  transgression.  No.  4  spreads 
so  widely  over  the  gravel  /  that  remnants  of  it  occur  at  Slough, 
West  Drayton,  and  other  places.  He  then  traced  the  formation  north- 
wards in  Suffolk ;  and  from  the  Ci/reiia  not  being  associated  there 
with  other  than  freshwater  shells  (except  at  Gedgrave,  where  the 
marine  shells  associated  with  it  are  derivatives  from  the  Crag),  he 
inferred  that  the  depression  did  not  bring  the  sea  into  Suff'olk  or  East 
Norfolk.  In  West  Norfolk  and  around  the  "Wash,  however,  it  did 
so,  the  Cyrena  being  associated  with  the  marine  gravel  at  March. 
The  evidences  of  this  depression  bringing  in  the  sea  around  the 
Wash  (which  consist  of  the  Nar  brickearth  and  the  gravel  of 
Hunstanton,  March,  and  other  places  in  the  Fen  country  with 
marine  shells)  extend  to  about  30  feet  elevation.  This  gravel 
at  Overton,  near  Peterborough,  passes  down  into  a  bed  with 
freshwater  shells  only,  thus  resembling  the  Clacton  bed,  and  at 
March  contains  the  Cyrena  in  abundance.  Northwards  the  for- 
mation is  represented  by  the  C?/?Ywa-gravel  of  Kelsea  Hill,  in  Hol- 
derness :  and  the  evidences  of  depression  rise  in  that  direction  to 
near  100  feet,  as  a  brick-earth,  at  Ivirmiugton  in  North  Lincoln- 
shire, at  between  80  and  90,  containing  mammalian  remains  and 
Scrohicidaria  piperata,  with  valves  united,  is  regarded  by  the  author 
as  part  of  the  formation ;  and  he  instanced  the  ripple-marked  pan 
beneath  this  formation  at  Hessle  as  evidence  of  redepresssion  or 
transgression  similar  to  that  afforded  by  the  MoUusca  at  Overton 
and  Clacton.  He  then  described  this  gravel  as  extending  up  the 
vales  of  York  and  Tees  to  about  a  similar  elevation,  and  as  passing 
in  them,  as  it  does  in  Holderness,  under  the  clay  of  the  minor  glacia- 
tion.     Southwards  he  traced  the  formation   as  represented  by  the 
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shingly  sand  and  gravel  of  Avisford  and  Bourne  Common  in  Sussex — 
the  Selsea  mud-bed  with  Lusitanian  shells,  near  the  present  sea- 
level,  rei^resenting  the  first  part  of  the  formation,  which  the  depres- 
sion carried  trausgressively  to  Avisford.  In  the  Thames  and  lower 
Lea  valleys  he  described,  and  showed,  by  many  lines  of  section,  how 
considerable  a  denudation  accompanied  the  rise  from  this  depression, 
so  that  not  only  most  of  the  formation  but  also  much  of  the  gravel 
/,  of  glacial  age,  on  which  the  uppermost  bed  of  this  formation 
rested,  was  washed  away,  the  latter  having  for  a  great  distance  been 
left  on  an  escarpment  facing  the  valley-sides.  This  denudation,  he 
showed,  was  in  the  same  places  repeated  after  the  formation  of  the 
gravel  of  the  minor  glaciation. 

He  then,  under  another  division  of  the  period  (which  he  distin- 
guished as  that  of  the  minor  glaciation  or  reindeer  age),  described 
the  various  formations,  morainic,  atmospheric,  fluviatile,  and  marine, 
due  to  a  return  of  glaciation  after  England  had,  except  in  the 
north-west,  become  all  laud.  The  morainic  part  in  the  north-west 
(which  was  the  Upper  Clay  of  Lancashire  and  adjoining  counties)  he 
regarded  as  extruded  beneath  the  sea  up  to  that  level  at  which  it 
contains  shells,  these  having  been  dropped  from  floe-ice  detached 
from  the  shores,  which  drifted  over  it  while  thus  undergoing  extru- 
sion ;  but  in  the  north-east  it  was  terrestrial,  owing  to  this  part 
having  emerged  from  the  depression  of  the  Cyrena  formation  before 
the  moraine  reached  Holderuess,  and  therefore  it  contained  no  sheDs. 
The  ice  giving  rise  to  this  moraine  was  of  far  less  volume  than  that 
of  the  Chalky  Clay,  and  instead  of  seeking  the  sea  as  that  did,  when 
the  sea  lay  over  the  centre  and  south  of  England  it  passed  to  it  in 
its  present  position,  one  stream  of  it  going  straight  out  through  the 
Tees  valley,  and  another  down  the  vale  of  York  and  out  by  the 
Humber,  so  as  to  overspread  southern  Holderness  and  the  sea-board 
of  Lincolnshire.  The  fluviatile  formation  of  this  minor  glaciation 
is  the  gravel  which  overlies  the  Cyrena  formation  at  jCrayford  and 
Ilford  (Uphallfield)  up  to  the  elevation  of  about  30  feet,  and  at 
similar  elevation  lies  up  to  the  foot  of  that  formation  at  Grays ;  and 
it  is  that  which  forms  the  40-45-foot  terrace  at  Acton,  where  it 
has  yielded  reindeer-remains.  Owing  to  the  rise  from  the  depres- 
sion under  which  the  C^j^nrt-formation  accumulated,  which  had 
taken  place  when  this  gravel  was  formed,  its  level  does  not  dift'er 
greatly  from  that  of  the  fossiliferous  part  of  the  Cyrena  formation  at 
Grays  and  Crayford,  so  that  in  more  inland  districts,  as  at  Oxford, 
the  two,  though  quite  diflcrent  in  age,  may  be  undistinguishable. 
This  gravel  the  author  regarded  as  corresponding  in  position  with  the 
beaches  of  the  buried  cliffs  of  Sangatte,  Brighton,  Isle  of  "Wight, 
Portland,  and  Sili  Bay,  these  beaches  and  the  gravel  having  originated 
during  a  pause  in  the  rise  from  the  depression  of  the  Cyrena  forma- 
tion. The  floe-ice  of  this  glaciation,  driven  onto  these  beaches,  left 
blocks  on  them,  which  becoming  mixed  with  loam  from  rills  poui'ing 
in  summer  over  the  cliffs,  is  covered  by  the  atmospheric  formation 
which  accumulated  as,  by  renewal  of  emergence,  tlie  sea  reccfled  from 
these  beaches.     At  the  same  time  floes  grounding  on  the  Pagham 
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and  Selsea  flats,  which,  in  correspondence  with  the  shingle  of  the 
Isle-of- Wight  beach,  were  then  snbmerged  about  30  or  4U  feet 
below  their  present  level,  left  the  great  blocks  found  in  the  clay- 
gravel  of  Pagham  and  8elsea,  which  was  then  forming,  and  which 
overlies  the  mud-bed  with  Lusitanian  shells,  and  is  itself  overlain 
by  the  atmospheric  formation.  He  also  showed  by  a  line  of  sectioii 
that  this  gravel  occupies  a  position  several  hundred  feet  below  that 
which  the  gravel  of  the  great  submergence  and  major  glaciation  oc- 
cupies in  the  adjoining  parts  of  Hampshire. 

The  atmospheric  formation  of  the  minor  glaciation  he  regarded  as 
the  brick-earth  with  angular  fragments  of  stone  and  splintered  flints 
overlying  the  buried  clitfs  and  their  beaches.  This  is  the  ••  formation 
of  great  submergence  "  (with  land  shells  and  Mammalian  remains)  of 
Prestwich,  and  identical  with  the  ••  warp"  of  Trimmer  and  "  trail"  of 
Fisher  in  other  parts  of  England.  The  origin  of  this  ho  referred  to 
an  annual  thawing  of  the  upper  layer  of  the  permanently  frozen  land- 
surface,  such  as  takes  place  in  arctic  countries  not  occupied  by  land- 
ice,  such  as  Siberia.  Owing  to  the  subsoil  being  permanently  frozen, 
no  water  can  penetrate  it,  so  that  the  thawing  surface-layer  becomes 
sludge  from  the  snow-melting  and  rainfall  of  summer,  and  slowly 
slides  from  higher  to  lower  places,  thus  exposing  on  the  higher  a 
continually  renewed  superficial  portion  of  the  permanently  frozen 
soil  to  this  action,  and  accumulating  it  in  the  lower.  In  sliding,  this 
material  has  collected  not  only  the  bones  of  animals  such  as  the 
reindeer  and  mammoth  which  lived  on  this  surface,  but  also  tliose 
of  the  hippopotamus,  which  did  not,  but  had  lived  during  the  C>jrena- 
formation  stage,  from  superficial  deposits  of  that  stage  (from  which 
also  they  got  by  derivation  into  the  gravel  of  this  glaciation),  in 
illustration  of  which  he  refers  to  Siberian  rivers  now  receiving  the 
remains  of  the  extinct  mammoth  and  living  reindeer  alike. 

Penetrating  fissures  in  the  rocks,  this  material  has  formed  the 
amorphous  Cave-earth  of  the  districts  beyond  where  the  moraine  has 
reached ;  and  the  author  pointed  out  that,  stalagmite  being  due  to 
percolation,  none  could  form  while  the  subsoil  was  thus  permaiieutly 
frozen,  which  is  the  reason  why  the  Cave-earth  is  devoid  of  it, 
though  always  covered  by  it  and  sometimes  luiderlain  by  it,  such 
underlay  probably  showing  that  the  caves  where  this  occurs  were 
not  submerged  at  the  commencement  of  this  minor  glaciation. 

After  giving  various  reasons  which  appeared  to  him  to  show  that 
the  passing  away  of  the  minor  glaciation  took  place  while  Lancashire 
was  still  submerged  up  to  an  elevation  of  from  20  to  30  feet,  but  when 
the  east  and  south  of  England  was  at  a  somewhat  higher  level  than 
at  present,  he  described  a  bed  of  flattened  stones  which  cover  all 
anterior  beds  alike  in  the  limestone  districts  of  the  south  of  Lincoln^ 
shire,  and  some  gravel  with  flattened  fragments  of  hard  chalk  in 
North  Lincolnshire  and  Holderness,  which  appear  to  him  to  indicate 
a  flooding  of  the  country  after  the  termination  of  this  glaciation. 
The  author  then  oft'ered  some  remarks  on  the  coexistence  of  arboreal 
vegetation  with  the  land-ice  of  the  first  or  great  glaciation  at  the 
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time  wlien  it  uncovered  the  plateaux  of  Norfolk  and  Suffolk,  ajjpeaU 
ing  for  the  probability  of  this  to  the  condition  of  South  America, 
where  the  inland  ice  passes  in  glaciers  to  the  sea  in  the  Straits  of 
Magellan  and  adjoining  channels  through  dense  forests.  He  also 
pointed  out  that  the  e\T.dences  of  the  Xewcr  Pliocene  period,  as  traced 
by  him,  lend  no  support  to  the  climate-theories  of  Dr.  CroU,  Mr. 
Wallace,  or  Mr.  Murphy,  but,  on  the  contrary,  conflict  with  them, 
as  do  the  respective  extensions  of  the  areas  of  glaciation  in  "Western 
Europe  and  Eastern  America,  while  they  arc  equally  repugnant  to 
any  theory  of  climate  based  on  changes  in  geographical  conditions ; 
and  he  concluded  by  insisting  on  the  British  origin  of  all  the  ice 
connected  with  either  glaciation  in  England,  and  on  the  existence 
of  an  open  north  sea  throughout. 

June  7. — J.  W.  Hulke,  Esq.,  F.li.S.,  President, 
in  the  Chair. 

■   The  following  communications  were  read  : — 

1.  The  President  read  the  following  note,  forwarded  by  Don 
Manuel  E.  de  Castro,  Director  of  the  Geological  Survey  of  Spain  : — 
"  On  the  Discovery  of  Triassic  Fossils  in  the  Sierra  de  Gador, 
Province  of  Almeria,  Spain." 

"  The  metalliferous  limestone  of  the  Sierra  de  Gador,  owing  to  no 
fossil  remains  having  been  found  prior  to  this  occasion,  has  been  a 
perfect  puzzle  to  all  geologists  for  the  last  fifty  years. 

"  MM.  Maestre,  Amar  de  la  Torre,  Peruolet,  Ansted,  and  Cooke 
considered  these  limestones  to  belong  to  the  Transition  series,  the 
former  taking  it  as  a  representative  of  the  Mountain  Limestones  of 
other  parts  of  Europe.  M.  Prado  hinted  that  they  might  be  De- 
vonian ;  whilst  M.  Willkomm,  in  the  geological  map  published  to 
accompany  his  botanical  researches  in  Spain,  considered  them  Silu- 
rian. Lately  MM.  Botella  and  Yilanova,  in  their  respective  maps, 
have  marked  them  as  belonging  to  the  Permian  series ;  whilst  M. 
de  Verneuil,  coming  nearer  to  the  truth,  took  the  whole  of  the  lime- 
stones to  the  south  of  Granada  and  the  Sierra  de  Gador  as  Triassic, 
though  in  doubt  ("  Trias  inccrtain  "). 

"  Lnder  these  circumstances,  I  was  commissioned  by  the  Director 
of  the  Geological  Survey  of  Spain  to  investigate  the  S.W.  portion  of 
the  Province  of  Almeria,  which  comprises  the  Sierra  de  Gador.  In 
February  last  I  had  the  good  fortune  of  discovering  abundant  fossil 
remains  in  different  parts  of  the  Sierra  de  Gador,  which  perfectly 
fix  the  age  of  the  metalliferous  limestones  of  this  part  of  Spain. 

"  The  whole  series  of  rocks  forming  this  sierra,  resting  on  the 
mica-schists  and  slates  of  the  Sierra  Xevada,  is  a  succession  of  black, 
white,  and  purple  talcosc  schists  at  the  base,  which  alternate  with 
some  beds  of  yellowish  and  porous  limestone,  and  which  j)ass 
through  a  considerable  thickness  of  grey  limestones  and  slates,  and, 
precisely  where  the  fossils  have  been  found,  to  the  metalliferous 
limestone  of  Sierra  de  Gador.  wliicli  appears  to  form  the  top  of  this 
interesting  formation. 

"  The  fossils  found  belong  to  the  following  genera  : — Mjioplioria 
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(M.   keoiijata    and  J7.   Goldfussi),   Hinnites,  Monotis,   Avicida   (A. 
Bronni),  IL/acites,  Hissoa,  and  many  others  difficult  to  determine. 

"  The  places  where  the  fossils  have  been  found  are  the  following : — 
on  the  southern  slopes  of  the  Sierra  de  Gador,  in  the  Rambla  del 
Caiiuelo ;  midway  on  the  road  from  Felix  to  Marchal  ;  and  in  the 
place  named  La  Solana  del  Fondon,  to  the  left  of  the  river  Andarax, 
following  the  track  between  the  mine  Sebastopol  and  the  town  of 
El  Fondon.  u  JoAQriN  Goxzalo  t  Xavxek." 

2.  "  The  Girvan  Huccession. — Part  I.  Stratigraphical."  By 
Charles  Lapworth,  Esq.,  F.G.S.,  Professor  of  Geology  in  the  Mason 
Science  College,  Birmingham. 

The  Lower  Palaeozoic  rocks  of  the  neighbourhood  of  Girvan,  in 
the  south  of  Ayrshire,  have  long  been  famous  for  the  remarkable 
variety  of  their  petrological  features,  and  for  the  abundance  and 
beauty  of  their  organic  remains  ;  but  the  strata  are  so  intermingled 
and  confused  by  faults,  folds,  and  inversions,  that  it  has  hitherto 
been  found  impossible  to  give  a  satisfactory  account  of  the  geological 
structure  of  the  region. 

The  most  remarkable  formation  in  this  Girvan  area  is  a  massive 
boulder-conglomerate,  several  hundreds  of  feet  in  thickness,  which 
forms  the  high  ground  of  Benan  Hill,  and  ranges  throughout  the 
district  from  end  to  end.  Employing  this  formation  as  a  definite 
horizon  of  reference,  the  author  showed,  by  numerous  plans  and 
sections,  that  it  was  possible  for  the  geologist  to  work  out  the 
natural  order  of  the  strata,  both  above  and  below  this  horizon,  and 
to  construct  a  complete  stratigraphical  and  palieoutological  scheme 
of  the  entire  Girvan  succession.  This  succession  is  composed  of  the 
folloAving  members,  arranged  ui  descending  order : — 

(I.)  Upper  Girvan  Rocks. 
(D.)  Dailly  Series  (1500  to  2000  feet),  including  the 

(3)  Straiton  Grouj>,  consisting  of  grey  flags,  shales,  and  grits, 
with  Beyricliia  Khvdeni,  CarJioIa,  &c. 

(2)  Bcn-yany  Groiq),  of  pale  flagstones,  shales,  and  mudstones, 
with  RetioUtes  Geinitzianus,  Ci/rtoc/raptus  Grayi,  &c. 

(1 )  Penl-ill  Group,  of  purple  mudstones,  grey  flags,  and  grey- 

wackes,  with  Crossopodia,  Protovii-gnlaria,  tcc. 

(C.)  Newlands  Series  (1000  to  1500  feet),  embracing  the 

(3)  Camrerjan   Group  &c.,   of  yellow  thick-bedded  grits    and 

dark  shales,  with  a  band  of  calcareous  rock  ;  abounding  in 
Pentamerus  ohJongus,  Atrypa  retlcidaris,Rastrites  maximus, 
and  Monograptus  lScdgtuk\'ii. 

(2)  SaugJi-HiU    Group,  composed   of    alternations   of    coarse 

pebbly  grit  and  zones  of  grey  and  black  shales,  with  a 
coarse  conglomerate  at  the  base.     Its  commonest  fossils 
are    StricJclandinia   lens,    Pentamerus   obhngus,  Favosites 
goildandicus,  Monograptus  leptotheca,  &c. 
(1)  MulIocJi-Hill  Group,  formed  of  shellv  sandstones  underlain 
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by  a  coarse  boulder-conglomerate,  and  containing  hosts  of 
Brachiopoda  &c.,  chiefly  Meristella  anr/nstifrons,  Atn/pa 
hemisjyhcenca,  Nidulites  favus,  &c. 

(II.)  Lower  Girtan  Kocks. 

(li.)  Ardmillan  Series  (1800  to  2000  feet),  embracing  the 

(4)  Drummuck  Group  of  soft  grey  mudstones  &c.,  with  Trinii- 
cleus  seticornis,  Amjpyx,  Stauroveijlialus,  Dicdlo(j raptus^  &c. 

(3)  Barren  or  SJiaUocJi  Fla(jstoiies. — A  great  thickness  of  alter- 

nations of  grey  or  green  flagstones  and  shales,  generally 
destitute  of  fossils. 

(2)  Wliiteliov.se  Group. — Purple  and  green  shales  and  mud- 
stones,  striped  flagstones  and  calcareous  beds,  with  Dionidc, 
Diuchjhiene,  ^(jlina,  A<jnostHS,  Uicti/oneiKa,  DiceUograpiut^, 
and  Pleurograptus. 

(1)  The   Ardwell   Group)    of  dark   Graptolitic  flagstones    and 

shales,  with  occasional  fossiliferous  scams  aftbrding 
examples  of  Dicranor/raptus,  Leptograptus,  and  Ulimaco- 
grapius,  &c. 

(A.)  Bare  Series  (800  to  1000  feet),  composed  of  the 

(4)  Baldatcliie  Beds. — Highly   fossiliferous   pebljly  grits  and 

nodular  shales,  with  Lingula  Bamsagi,  L.  canadensis, 
iSip)lionof.reta  nncula,  Eemopleurides,  Glossograptas,  &c. 

(3)  Benan  {or  Green)  Conglomerate. — Massive  boulder-beds  of 

great  thickness,  unfossilifcrous. 

(2)  Stiiicliar    (or    Craighead)    Limestone    Group.,  composed  of 

compact  limestones,  nodular  and  calcareous  flagstones  and 
shales,  with  Maclurea  Logani,  Opliileta,  Orthis  confinis, 
Tetradium,  Didymograptus,  Ciathrograptus,  &c. 
(1)  Kirldand  {or  Purple)  Conglomerate. — Coarse  boulder-beds 
and  sandstones,  generally  of  a  purple  colour. 

It  was  shown  that  the  highest  beds  of  this  succession  are  faulted 
against  strata  of  Carboniferous  age.  The  discussion  of  the  relation- 
ship of  its  lowest  beds  to  the  igneous  and  metamorphic  rocks  of 
Ballantrae  was  deferred  to  a  future  paper.  The  author  pointed  out 
how  perfectly  this  reading  of  the  succession  explamed  the  anomalies 
hitherto  supposed  to  obtain  among  the  fossils  of  the  Girvan  region. 
AYhcn  the  organic  remains  collected  from  these  strata  by  previous 
investigators  (notably  the  magnificent  Gray  collection)  are  referred 
to  their  natural  horizons  in  this  stratigraphical  succession,  it  is 
found  that  each  of  the  great  petrological  divisions  of  the  Girvan 
series  has  a  collective  fauna  peculiarly  its  own,  and  that  the  general 
zoological  gradation  is  identical  with  that  of  the  acknowledged 
sequence  in  the  typical  Lower  Pala30zoic  areas  in  "Wales  and  the 
West  of  England. 

The  Lower  Girvan  rocks  are  clearly  of  Ordovician  age  ;  while  the 
Ui)per  Girvan  rocks  as  distinctly  appertain  to  the  Silurian.  The 
Barr  Series  corresponds  to  part  of  the  Llandcilo-Bala  of  Wales  :  and 
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the  ArdmUUm  Series  is  of  Caradoc  -Bala  age.  The  Newlands  Series 
answers  to  the  Llandovery  formation  of  ^Murchisou,  containing 
similar  fossils  and  corresponding  local  breaks  in  the  succession. 
The  Parple  Shales  of  Penhill  correspond  in  sj'stematic  position, 
petrological  features,  and  fossils  with  the  Tarannon ;  and  the 
Straiton  Beds  represent  the  lower  division  of  the  Wenlock. 

The  development  of  the  palteontological  features  of  the  several 
zones  of  life  in  this  succession,  and  the  demonstration  of  their 
correspondence  with  the  zones  already  recognized  in  tlie  synchronous 
Lower  Paloeozoic  strata  of  ^loffat,  the  Lake-District,  Scandinavia, 
and  elsewhere  were  reserved  by  the  autlior  for  a  second  part  of  this 
memoir. 

3.  "  Notes  on  the  Annelida  Tubicola  of  the  Wenlock  Shales,  from 
the  Washings  of  Mr.  George  Maw,  F.Gr.S."'  By  (reorge  Eobert 
Vine,  Esq. 

4.  "  Description  of  part  of  the  Femur  of  Nototherivm  Mitchelli." 
By  Prof.  Owen,  C.B.,  F.E.S.,  F.G.S.,  &e. 

5.  "  On  Helicopora  latispircdis,  a  new  spiral  Feuestellid  from 
the  Upper  Silurian  beds  of  Ohio,  U.f^."  By  E.  W.  Clavpole,  Esq., 
B.A.,  B.Sc.  (Loud.),  F.G.S. 

June  21.— J.  W.  Hulke,  Esq.,  F.R.S., 
President,  in  the  Chair. 

The  following  communications  were  read: — 

1.  "  On   Thecospond>ilus  Ilonieri,   a    new    Dinosaur    from   the 
'Hastings  Sand,  indicated  by  the  Sacrum  and  the  Xeural  Canal  of 

the  Sacral  Eegiou."     By  Prof.  H.  G.  Seeley,  F.E.S.,  F.G.S. 

2.  "  On  the  Dorsal  Eegion  of  the  A^ertebral  Column  of  a  new- 
Dinosaur,  indicating  a  new  genus,  Sj^iJienospondi/lus,  from  the 
Wealden  of  Brook  in  the  Isle  of  Wight,  preserved  in  the  Wood- 
wardian  Museum  of  the  I^niversitv  of  Cambridge."  By  Prof.  H.  G. 
Seeley,  F.E.S.,  F.G.S. 

3.  "  On  Organic  Eemains  from  the  Upper  Permian  Strata  of 
Kargaliusk  in  Eastern  Eussia.''  By  W.  H.  Twelvetrees,  Esq., 
F.G.S. 

4.  "The  Pvhsetics  of  Nottinghamshire."  By  E.  Wilson,  Esq., 
F.G.S. 

During  the  last  few  years  several  sections  of  the  Rhtetic  beds,  in 
addition  to  those  already  known  near  Gainsborough  and  Newark, 
have  been  exposed  in  making  railway-  cuttings.  These  were  described 
by  the  author.  The  beds  usually  assigned  to  the  Ehsetic  consist  of : — 
Lower  Ehsetic,  greyish  or  greenish  marls  ;  Middle  or  Avicida-con- 
torta  series  ;  and  Upper  Bhsetic  (white  Lias),  a  series  of  variable 
shales  and  light-coloured  limestones.  The  author  pointed  out  that  in 
the  Nottinghamshire  district  there  is  always  a  clear  line  of  division, 
and  sometimes  indications  of  erosion,  between  the  Aviada-contorta 
series  and  the  so-called  Lower  Ehaetic  beds,  while  the  latter  graduate 
down  uninteruptedly  into  the  Upper  Keuper  Marls.     Further,  they 
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are  practically  unfossiliferous,  while  in  the  other  series  there  is  evi- 
dence of  marine  life  and  the  remains  of  a  fauna  ranging  upwards 
into  the  Lias.  Hence  the  author  proposed  to  class  these  Lower 
Rhsetics  with  the  Trias,  and  regard  the  Ehiietic  series  as  commencing 
with  the  base  of  the  Avicula -contort a  group. 

o.  "  On  the  Silurian  and  Cambrian  Strata  of  the  Baltic  Provinces 
of  Russia,  as  compared  with  those  of  Scandinavia  and  the  British 
Islands."  By  Dr.  F.  Schmidt.  Communicated  by  Dr.  H.  Woodward, 
F.E.S.,  F.G.S. 

The  Cambrian  and  Silurian  strata  in  question  are  found  stretching 
over  an  area  400  miles  long  by  SO  miles  wide.  The  country  occu- 
pied by  these  strata  is  a  nearly  uniform  plain  covered  by  glacial 
deposits  ;  but  sections  are  presented  by  the  sea-cliifs,  which  are  from 
90  to  150  feet  high.  The  strata  consist  mainly  of  marls  and  lime- 
stones, arenaceous  deposits  being  rare  ;  and  they  form  a  continuous 
series  from  the  base  of  the  Cambrian  to  the  top  of  the  Silurian,  the 
whole  of  these  strata  being  in  conformable  succession  and  unconfox'm- 
ably  overlain  by  the  Devonian.  Although  the  representative  of  the 
Cambrian  or  Primordial  Silurian  contains  neither  Farado.vides  nor 
Olenus,  nor,  indeed,  any  Trilobites  whatever,  but  only  Lingulidse  and 
Graptolites,  yet  its  stratigraphical  position  leaves  no  doubt  as  to  its 
age.  The  Lower  Silurian  or  Ordovician  is  the  richest  of  the  divi- 
sions, the  strata  of  this  age  forming  a  perfectly  continuous  series. 
The  author  divides  these  beds  into  the  stages  B,  C,  D,  E,  and  F, 
several  of  which  are  divisible  into  substages.  Of  the  Stage  B  the 
lowest  bed,  1  to  10  feet  thick,  consists  of  the  Glauconite-bands  con- 
taining the  casts  of  Foraminifera  described  by  Ehrenberg,  which 
correspond  to  the  Ceratopyge  stage  of  the  Scandinavian  geologists. 
Above  this,  and  closely  connected  with  it,  is  the  Glauconite-limestone, 
from  12  to  40  feet  thick.  Next  comes  the  famous  0;V7(?.s-limestone, 
a  thin  bed  with  a  very  interesting  fauna,  corresponding  to  that  of 
the  Phi/llor/rajytits-sehists.  The  author's  beds  C,  D,  E,  and  F  can  be 
paralleled  with  the  strata  of  Scandinavia,  but  have  no  exact  repre- 
sentatives in  the  British  Islands,  The  stage  E  appears  to  I'epresent 
the  Bala  of  England  or  the  Trenton  of  Xorth  America.  Although 
there  is  no  stratigraphical  break,  there  is  a  marked  palaeontological 
division  between  the  Upper  and  Lower  Silurian,  there  being  no 
strata  of  intermediate  age  represented.  The  Upper  Siluiian  is 
divided  by  the  author  into  the  stages  G,  H,  I,  K.  which  can  be 
exactly  correlated  with  the  strata  of  Scandinavia.  The  stages  G,  H 
do  not  appear  to  have  precise  representatives  in  the  British  Islands ; 
but  I  is  undoubtedly  eqiiivalent  to  the  Wenlock,  and  Iv  to  the  Ludlow. 
In  the  Baltic  provinces  there  are  no  representatives  of  the  passage- 
beds  and  Lower  Devonian,  but  the  Silurian  strata  are  unconformably 
covered  by  the  Old  Bed  Sandstone  with  Coccostena,  Asturolepis 
Botlirlohpis,  Bomosteus,  and  Jleierosteus,  there  being  a  marked  over- 
lap between  the  two  series.  The  author  argues  in  favour  of  con- 
sidering the  Cambrian,  Ordovician,  and  Silurian  :is  forming,  in  the 
Baltic  provinces,  one  "system."     The  author  is  able  to  construct  a 
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section  connecHng  tbo  Silurians  of  Russia  and  Scandinavia,  and  pass- 
ing through  the  islands  of  Gothland  and  Oesel.  The  paper  is  accom- 
panied with  a  map  and  a  tabulated  list  of  the  fossils  found  at  the 
several  horizons  which  have  been  distinguished  by  the  author.  He 
points  out  which  of  these  species  are  found  ranging  into  other  areas, 
and  proposes  eventually  to  publish  figures  and  descriptions  of  the 
characteristic  Russian  forms.  The  first  part  of  the  author's  pah^eon- 
tological  work  has  just  appeared  in  the  shape  of  a  memoir  describing 
60  species  of  Trilobites  of  the  genera  Phacojii^,  Cheinirus,  and  Encri- 
nurns.  The  total  number  of  species  of  the  Trilobites  is  about  loO, 
of  which  only  about  15  occur  in  the  Upper  Silurian. 

6.  "  On  Chilostomatous  Bryozoa  from  Bairusdale  (Grippsland).' 
By  A.  W.  Waters,  Esq.,  F.G.S. 

7.  "  The  Silurian  Species  o£  Glauconome,  and  a  suggested  Classi- 
fication of  the  Pala3ozoic  Polvzoa."  Bv  Gr.  W.  Shrubsole,  Esq., 
F.G.S.,  and  G.  R.  Vine,  Esq.  ' 

8.  '•  On  the  Cause  of  the  Depression  and  Re-elevation  of  the 
land  during  the  Glacial  Period."'     By  T.  F.  Jamieson,  Esq.,  F.G.S. 

The  author  commenced  by  noticing  the  theory  advanced  by  Adhe- 
mar  and  Croll,  according  to  which  the  submergence  was  due  to  the 
effect  of  a  polar  ice-cap  causing  a  displacement  of  the  earth's  centre 
of  gravity  and  thereby  drawing  the  ocean  towards  the  ice-covered 
pole,  and  proceeded  to  show  that  this  theory  is  opposed  to  the  geolo- 
gical evidence,  according  to  which  the  amount  of  submergence  has 
been  unequal  in  adjacent  areas  and  along  the  same  parallels  of 
latitude,  showing  that  the  movement  has  been  in  the  land  and  not 
in  the  sea.  The  facts  of  submergence  also  prove  that  no  such  cap 
of  ice  could  have  existed  at  the  time  in  the  northern  regions. 
Sundry  other  objections  were  also  pointed  out.  The  author  then 
went  on  to  state  his  own  hypothesis,  Avhich  is  to  the  effect  that  the 
depression  of  the  laud  was  caused  by  the  weight  of  ice  laid  upon  it, 
and  the  re-elevation  by  the  disappearance  of  the  ice.  The  amount 
of  depression  would  depend  partly  on  the  weight  of  ice  and  partlj- 
on  the  elasticity  or  yielding  nature  of  the  ground  beneath  it.  He 
then  proceeded  to  consider  what  was  the  weight  of  ice  that  probably 
existed,  and  referred  to  the  elastic  and  flexible  nature  of  the  earth's 
crust,  as  evinced  by  earthquakes  &c. 

He  further  considered  the  relation  of  time  to  pressure,  and  touched 
upon  the  probable  rate  of  subsidence,  which  he  supposes  to  have 
been  very  slow  and  gradual.  The  recovery  of  level,  he  thinks,  would 
also  be  very  gradual,  and  prol)ably,  in  most  cases,  not  complete. 

He  next  i^roceeded  to  show  how  his  hypothesis  is  borne  out  by  an 
appeal  to  geological  evidence  in  various  countries,  taking  England, 
Ireland,  North  America,  and  Greenland  as  examples.  He  further 
pointed  out  its  application  to  the  facts  connected  with  the  loess  beds, 
Fjord  latitudes,  and  lake-basins,  and  concluded  with  some  observa- 
tions on  the  remarkable  connexion  between  glaciation  and  submer- 
gence in  all  countries. 


[     1-^2     ] 
XYIII.  Intelligence  and  Miscellaneous  Articles. 

ON    SOME     EXPLOSIVE     ALLOYS    OF     ZINC    AND     THE    PLATINUM 
METALS.       BY  H.  SALN'TE-CLAIRE  DEVILLE  AND  H.  DEBEAY. 

COME  time  before  the  sickness  of  my  dear  and  illustrious  master 
^-'  Henri  Sanite-Claire  Deville,  we  had  undertaken  to  retuni  to 
some  points  in  order  to  complete  our  old  researches  respecting  pla- 
tinum. Our  work,  as  regards  the  didsion  of  the  osmides,  was 
almost  finished,  when  it  was  interrupted  by  his  sickness  and  death. 
T  have  had  to  terminate  it ;  and  today  1  present  the  result  to  the 
Academy. 

It  is  kiiown  that  the  osmides  cannot  be  divided  by  mechanical 
action.  If  for  example,  one  essays  to  pound  them  in  a  tempered 
steel  mortar,  the  osmide  of  iridium  penetrates  into  the  material 
without  being  either  blunted  or  broken. 

If,  however,  it  be  fused  with  '2o  or  o(i  times  its  weight  of  zinc, 
and  if  after  the  mixture  has  been  kept  for  some  hours  at  an 
incipient  red  heat  it  then  be  more  heated  in  order  to  volatilize  all 
the  zinc,  there  remains  a  spongy  mass,  easily  divided,  and,  in  this 
state,  completely  and  with  facility  attacked  b}'  the  mixture  of 
nitrate  and  binoxide  of  l^arium  which  we  ha^'e  employed  for 
oxidizing  the  two  metals  of  the  osmide  and  to  render  them  soluble 
in  acids.  As  it  is  easy  to  eliminate  baryta  from  its  solutions,  the 
analysis  of  the  osmide  then  becomes  possible. 

What  is  the  part  played  by  zinc  in  this  division?  by  what 
mechanism  is  it  effected  ?  are  questions  which  we  had  not  then 
examined,  contenting  ourselves  for  the  moment  with  a  practical 
result  sought  in  vain  by  Berzelius,  which  facilitated  our  entering 
upon  that  study  of  the  platinum  metals  which  has  occupied  us  for 
many  years. 

I.  Some  osmide  of  iridium  is  thrown  into  some  zinc  heated  to 
dull  redness  and  which  has  been  previously  well  cleaned  with  sal- 
ammoniac.  A  brisk  disengagement  of  heat  is  produced.  The 
mass  is  kept  melted  at  this  temperature  during  five  or  six  hours, 
in  order  to  attack  completely  the  large  grains  of  osmide.  The 
cold  button  is  then  dissolved  in  dilute  hydrochloric  acid.  The 
solution  of  the  zinc  takes  place  with  great  violence;  and  there 
remains  a  blackish  residue  having  the  appearance  of  graphite, 
which  contains  all  the  noble  metals  of  the  osmide.  The  greater 
part  of  the  iron  existing  in  this  material  is  dissolved  at  the  same 
time  as  the  zinc ;  on  the  other  hand,  there  remains  a  notable 
proportion  of  zinc  combined  with  the  metals  of  the  osmide,  and  it  is 
not  rpmo\ed  by  ]U'olonged  contact  with  concentrated  hydrochloric 
acid. 

This  residue,  well  washed,  and  dried  at  100°,  diffuses  in  the  air 
a  slight  odour  of  osmic  acid.  Heated  to  nearly  .'300°  it  suddenly 
ignites,  almost  with  ex])losion,  spreading  fumes  of  zinc  and  abun- 
dant vapour  of  osmic  acid.  As  this  deflagration  took  place  in  vacuo, 
without  any  sensible  liberation  of  gas,  and  of  course  without  the 
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production  of  oxide  of  ziuc  and  osiuic  acid,  we  must  conclude  that 
at  about  300°  the  substance  undergoes  a  change  of  state  accom- 
panied by  a  large  disengagement  of  heat.  In  air  the  change  of 
state  is  immediately  followed  by  combustion,  which  augments  the 
evolution  of  heat. 

The  residue  is  only  partially  attacked  by  concentrated  nitric  acid 
or  aqua  regia.  It  is  quickly  and  completely  oxidized  when 
thrown  into  a  mixture  of  fused  potass  and  potassium  nitrate ; 
ir  must  even  be  thrown  in  in  small  portions,  the  mixture  being 
but  little  heated,  to  avoid  too  strong  a  deflagration  when  the  divided 
material  touches  the  surface  of  the  oxidizing  liquid.  If  one  wishes 
to  make  use  of  this  I'esidue  either  for  the  analysis  of  the  osmide  or 
to  extract  the  metals  which  it  contains,  it  is  better  to  mix  it  with 
anhydrous  baryta  and  barium  nitrate  :  one  can  then  heat  it  with- 
out fear  of  losing  the  substance,  A^hich  is  then  attacked  totally  and 
easily. 

This  substance  is  evidently  a  complex  mixture  of  various  alloys 
which  zinc  is  capable  of  forming  with  the  platinum  metals  ;  we 
were  therefore  induced  to  examine  more  closely  those  different 
combinations. 

II.  Osmium  simply  dissolves  in  zinc.  When  the  fused  button 
of  this  metal  with  osmium  in  a  state  of  division  is  acted  upon  by 
hydrochloric  acid,  there  remains  pure  osmium  with  a  crystalline 
appearance. 

Palladium  and  platinum,  treated  iu  the  same  manner,  leave  a 
residue  consisting  of  alloys  which  undergo  no  isomeric  modification 
when  heated  in  vacuo.  Ehodium,  on  the  contrary,  and  iridium  and 
ruthenium  especially,  as  one  of  us  has  already  proved  *,  combine 
with  zinc  with  much  liberation  of  heat :  and  when  the  zinc  button 
is  dissolved  in  hydrochloric  acid,  residues  are  obtained  which  are 
susceptible  of  undergoing  a  true  isomeric  modification  accompanied 
by  a  brisk  liberation  of  heat,  without  loss  of  gas,  when  heated  in  a 
vacuum  above  300'.  Before  the  liberation  of  heat,  the  blackish 
residues  would  be  more  or  less  readily  attached  by  aqua  regia. 
They  lose  this  property  after  the  liberation  of  heat,  and  then  take 
the  metallic  appearance. 

The  thermal  phenomenon  which  accompanies  the  change  of  state 
of  the  iridium  residue  is  so  marked  that  it  may  serve  for  the 
recognition  of  the  presence  of  small  quantities  of  iridium  in 
platinum  (1  or  2  per  cent,  for  example).  The  metal  to  be  assayed 
is  dissolved  in  a  large  excess  of  zinc ;  and  the  button  is  acted  upon 
by  dilute  hydrochoric  acid  ;  the  residue,  well  dried,  I'aised  to  a 
temperature  above  300^  in  a  platinum  capsule  becomes  incan- 
descent at  various  points.  Ruthenium  and  rhodium  produce 
siniilar  effects. 

III.  In  brief,  osmium  is  the  only  platinum  metal  which  does 
not  retain  zinc  when  its  alloy  with  a  large  excess  of  ziuc  is  treated 
with  an  acid  capable  of  dissolving  that  metal.  The  other  metals 
obstinately  retain  a  notable  proportion  of  it  (on  the  average  10  to 

*  Comptes  Mendtis,  t.  xc.  p.  1150. 
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12  per  cent.) ;  nnd  the  metals  which  are  iusoluble  iu  aqua  regia 
(rhodium,  iridium,  and  ruthenium)  then  remain  in  the  state  of 
peculiar  products,  without  metallic  lustre,  which  seem  to  be  an 
allotropic  modification  of  the  true  alloys  possessing  a  metallic 
appearance. 

The  action  of  zinc  upon  the  osmide  of  iridium  is  thus  accounted 
for  naturally.  If  the  heat  liberated  in  the  combination  of  iridium 
and  zinc  much  exceeds  the  heat  of  combination  of  osmium  and 
iridium,  the  osmide,  in  conformity  with  the  laws  of  thermo- 
chemistry, will  1)8  destroyed  by  the  zinc  :  the  osmium  dissoh'es 
and  may  crystallize  in  the  excess  of  metal ;  the  iridium  and  the 
other  metals  remain  combined  with  the  zinc.  It  is  the  residue 
from  the  action  of  the  hydrochloric  acid  upon  this  alloy  with  excess 
of  zinc  that  constitutes  the  explosive  substance  above  considered. 
In  fact  the  heat  liberated  in  the  union  of  zinc  with  iridium, 
ruthenium,  and  rhodium,  which  are  the  dominant  metals  of  the 
osmide,  is  truly  enormous :  on  adding,  for  instance,  1  part  of  iridium 
to  30  or  40  per  cent,  of  melted  zinc  at  a  temperature  below  a  red 
heat,  there  is  combination  accompanied  by  actual  incandescence  of 
the  whole  mass  of  metal ;  it  is  the  same  with  the  two  other  metals. 
If  all  the  zinc  be  driven  out  by  heat  (as  was  done  by  us  in  our  old 
experiments),  the  hardly  fusible  metals  of  the  osmide,  free  or 
alloyed,  remain  in  a  state  of  extreme  division,  in  which  they  are 
much  more  readily  attacked  than  the  natural  osmide. 

In  an  early  Note  we  shall  speak  of  facts  observed  in  the  solution 
of  the  platinum  metals  in  copper. — Comptes  Mendus  de  I'Academie 
des  Sciences,  June  12,  1882,  t.  xciv.  pp.  Ioo7-lo60. 


ON  THE  REACTION-CTRRENT  OF  THE  ELECTRIC  ARC.    BY  M.  JAMIN^ 
WITH  THE  ASSISTANCE  OF  M.  G.  MANEUVRIER. 

The  two  currents,  in  alternately  opposite  directions,  given  by 
Gramme's  self-exciting  machine  are  absolutely  equal ;  consequently 
they  do  not  decompose  water,  and  a  tangent-compass  intercalated 
in  the  circuit  undergoes  no  deflection,  since  the  contrary  effects 
following  at  very  close  intervals  destroy  one  another.  This  de- 
struction of  the  effects  is  kept  up  when  one  or  several  burners  are 
put  into  the  circuit,  provided  that  the  two  carbons  are  equal,  dis- 
posed in  exactly  the  same  manner,  and  are  heated  equally. 

If  eight  or  ten  Bunsen  elements  be  introduced  into  the  total 
circuit,  they  communicate  to  the  compass  a  deflection  ^  when  the 
machine  is  at  rest,  and  a  deflection  o,  absolutely  equal  to  ^.  when 

the  machine  is  working. 

0.  S'. 

First  experiment     32  33 

Second  experiment 3S  38'45 

Third  experiment    33  34*10 

This  equality  proves  that  the  resistance  of  the  wires  of  the 
machine  does  not  vary,  whether  the  machine  be  at  rest  or  in  motion ; 
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it  proves  also  that  the  two  effects  oC  the  machine  and  the  battery 
are  superposed  and  independent. 

If  we  now  suppress  the  battery,  but  ignite  in  the  circuit  a  burner 
formed  of  two  unequal  carbons — one  stout  (0-004  metre),  the  other 
thinner  (0'002  metre), — this  asymmetry  suffices  to  determine  a 
permanent  deflection  of  the  compass,  just  as  if  a  battery  had  been 
intercalated.  The  two  systems  of  mutually  inverse  currents  given 
by  the  machine  cease,  therefore,  to  be  equal ;  that  which  is  directed 
from  the  thick  carbon  to  the  thin,  from  the  less  hot  part  to  that 
which  is  more  so,  prevails  over  the  system  of  which  the  direction  is 
opposite.  A  differential  current  results,  indicated  by  the  compass, 
and  the  more  intense  as  the  difference  of  thickness  of  the  two  car- 
bons is  more  marked ;  it  reaches  its  maximum  between  a  large  mass 
of  retort-carbon,  which  becomes  little  heated,  and  a  crayon  termi- 
nating in  a  fine  point,  which  attains  the  highest  temperature.  The 
same  phenomenon  is  obtained,  and  in  the  same  sense,  when  an  arc 
is  produced  between  a  mass  of  any  metal  and  a  carbon  point.  As 
it  is  diilicidt  to  maintain  the  constancy  of  the  arc,  the  intensity  of 
the  differential  current  is  very  variable  ;  the  following  results  must 
be  regarded  as  only  a  first  approximation : — 

Lead.  Iron.  Carbon.         Copper.        Merciirv. 

29^  80°  81°  60°  70°' 

In  general  the  differential  current  is  weak  or  none  M-hen  the  arc 
is  but  of  little  extent ;  it  increases  with  the  distance  of  the  elec- 
trodes. Tor  zinc  it  is  at  first  as  intense  as  with  copper  ;  but  it 
falls  suddenly,  probably  on  account  of  the  oxide  with  which  the 
metal  is  soon  covered. 

The  deflection  depends  on  two  things  : — ] ,  on  the  mean  electro- 
motive force  of  the  differential  current ;  2,  on  the  resistance  intro- 
duced into  the  current  by  the  arc  which  is  formed.  It  is  easy  to 
compare  that  force  and  that  resistance  in  the  different  cases  in  the 
following  manner :  — 

"We  introduce  into  the  total  circuit  a  batteiy  of  »  pairs,  having 
an  electromotive  force  nX.  According  to  -whether  it  acts  in  the 
direction  of  the  differential  current  or  in  the  opposite  direction,  we 
have 

.  _  x-\- » A       .,  _  cc  —  nA. 

When  .r  is  greater  than  /;A  both  deflections  have  the  same  sign, 
and  we  find 

i'  .v-nA'  I- -I' 

but  if  a-  is  less  than  nA,  the  two  deflections  have  opposite  signs — 
i     _i x-\-nA       , .   .  Tc  —  1 


% 


nA—x      '         '  ^--l-l' 
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I  employed  fresh  and  well  amalgamated  Buusen  elements ;  the 
experiment,  not  susceptible  of  great  precision,  on  account  of  the 
variations  of  the  arc,  gave  the  following  values  of  the  electromo- 
tive force  :c  of  tlae  differential  current  evaluated  in  Bunsen  ele- 
ments : — 

Lead.         Iron.        Carbon.        Copper.  Zinc  1.         Zinc  2.       Merciu-y. 

2-5  3-2  5-0  50-6  66-2  5-7  103-7 

The  first  three  substances  are  nearly  equal ;  the  last  three  are  very 
active.  Copper  is  equivalent  to  50  bunsens ;  zinc  to  66  at  the 
commencement  of  the  action,  falhng  to  5.  As  to  mercury,  it  pre- 
sents an  enormous  and  very  constant  value  ;  the  differential  current 
has  a  mean  electromotive  force  equivalent  to  103-7  bunsens.  The 
same  determinations  conduct  us  to  an  estimation  of  the  introduced 
resistance.     We  have,  in  fact, 

1-1=  ,     K=, — „. 

li  i  —  % 

E  is  in  the  inverse  ratio  of  t — i' . 

Xow  the  total  resistance  R  was  composed  (1)  of  that  of  the  wires 
of  the  machine,  (2)  of  that  of  the  battery,  (3)  of  that  of  the  electric 
arc.  The  last  alone  is  variable,  and  increases  or  diminishes  the 
value  of  R:  it  will  therefore  be  the  more  the  less  i  —  i  is.  Here 
are  the  calculated  values  of  i—i':— 


Carbon. 

Iron. 

Lead. 

Copper. 

Mercury. 

Zinc  L 

Ziuc  2, 

0-406 

0-307 

0-283 

1-41 

0-89 

1-02 

0-56 

It  would  follow  from  these  numbers  that  carbon,  iron,  and  lead 
offer  the  greatest  resistance,  copper  and  mercury  the  least. 

The  differential  current  can  only  be  explained  in  two  ways — 
either  by  a  difference  in  the  resistance,  or  else  by  inequality  in  the 
inverse  reactions  of  the  arc  in  the  one  direction  or  the  other. 

In  order  to  ascertain  if  the  resistance  of  the  arc  varies  with  the 
change  of  direction,  I  caused  a  continuous  current  to  pass,  first 
from  the  carbon  to  the  mercurj^  afterwards  from  mercury  to  carbon. 
A  compass,  placed  in  derivation,  measured  the  intensity  in  the  two 
cases.  I  could  not  measure  any  appreciable  difference.  But  these 
experiments  presented  a  remarkable  peculiarity :  when  the  current 
passed  from  mercury  to  carbon,  the  arc  had  a  very  pronounced 
gi-een  colour,  and  the  volatilization  of  the  metal  proceeded  vigo- 
rously ;  in  the  contrary  case  the  arc  was  reddish,  and  there  was  a 
less  abundant  production  of  vapour.  This  renders  evident  the 
asymmetry  existing  in  the  two  cases.  Xow,  when  the  alternating 
currents  of  a  Gramme  machine  are  directed  through  this  burner, 
the  ai-c  is  green,  which  proves  that  the  ciUTcnt  going  from  mercury 
to  carbon  predominates  over  that  which  goes  in  the  opposite  direc- 
tion :  and  as  there  is  no  difference  in  the  resistance  of  the  arc,  it  is 
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In  a  peculiar  property  of  the  alternating  currents  that  the  reason  of 
the  differential  current  must  be  sought. 

Each  of  the  two  systems  of  currents  stores  up,  at  the  instant  of 
its  commencement,  a  certain  sum  of  energy,  which  is  set  free  when 
it  ceases,  and  is  manifested  by  a  contrary  current,  or,  as  Edlund 
says,  by  an  inverse  electromotive  force.  Thus  a  first  current  — *-, 
initially  very  feeble,  gradually  increases,  and,  when  it  ceases,  gives 
rise  to  an  inverse  reaction  •*— ,  which  adds  itself  to  the  current  •«— 
developed  by  the  machine  at  the  same  instant.  If,  then,  one  of  the 
systems  of  current  -*>  presents  a  weaker  reaction  than  the  contrary 
system  ■«— ,  it  will  be  less  weakened  and  more  reinforced,  and  will 
determine  the  direction  of  the  differential  current. 

Whatever  may  be  the  explanation  of  these  facts,  it  is  clear  that, 
once  produced  by  an  arc  with  mercury,  the  differential  current 
entirely  changes  the  action  of  the  machine,  that  one  of  the  systems 
of  currents  is,  if  not  extinguished,  at  least  considerably  weakened, 
and  that  the  other  system  is  constituted  by  successive  currents  of 
greater  intensity  and  duration.  Also  every  additional  electric  arc 
introduced  presents  the  same  aspect  as  that  of  the  batteries — that 
is  to  say,  greater  brightness  and  heat  at  the  positi\  e  pole,  with 
transfer  of  matter  to  the  negative  pole.  The  machine,  previously 
incapable  of  decomposing  water,  becomes  capable  of  decomposing  it 
like  a  battery  with  an  electromoti\e  foix-e  equal  to  100  Bunsen 
pairs ;  it  can,  like  the  batteries,  determine  all  the  chemical  actions 
we  will,  magnetize  soft  iron,  reduce  metals,  convey  force — in  a 
word,  replace  a  continuous-current  machine  in  its  ajiplications. 

There  are  two  types  of  magneto-electric  machines  :  those  of  the 
one  kind,  derived  from  the  Gramme  system,  can  give  directly  cur- 
rents constant  in  direction  ;  the  others,  like  those  of  ]S"ollet  or  Meri- 
teus,  can  engender  only  alteruating  currents  :  the  latter  are  appli- 
cable only  to  the  production  of  light ;  it  has  been  in  vain  attempted 
to  employ  them  for  chemical  operatious  by  directing  the  currents 
with  a  commutator.  It  is  evident  that  this  comnuitator  might  be 
replaced  automatically  by  one  or  more  arcs  formed  between  a  bath 
of  mercury  and  a  carbon  poiut*.  It  remains  to  ascertain  what  are 
the  economical  conditions  of  that  transformation. — Conq^tes  Bendus 
de  VAcademie  des  Sdences,  June  19, 1882,  pp.  1G15-1G19. 


UN  THE  MOTIOK  OF  A  SPHERICAL  ATOM  IN  AN  IDEAL  GAS. 

BY  G.  LUBECK  f. 

The  author  considers  an  atom  of  mass  M,  moving  through  a  gas 
at  rest,  of  which  the  atoms  are  of  mass  in.  AVith  respect  to  the 
impact,  he  aAails  himself  of  the  principle  of  vis  viva,  of  that  of  the 
centre  of  gravity,  aud,  lastly,  of  the  principle  that  communication 

*  These  experimeiitt;  were  made  at  ihe  laboratory  of  the  Sorboime. 
t  Festschrift  des  Fried- Wvrd-Gymn.  Berlin,  1881,  pp.  295-312. 
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of  motion  takes  place  only  in  the  direction  oi  tlie  common  normal 
to  the  two  cylindrical  atoms  at  the  instant  of  the  impact.  The 
atoms  then  behave  like  perfectly  hard  elastic  spheres ;  no  internal 
motion  takes  place.  First  the  number  9?  of  the  colli sioiis  is  cal- 
culated (in  the  known  manner)  whicli  the  atom  M  experiences  when 
during  a  unit  of  time  it  moves  through  the  atoms  m  with  the  con- 
stant velocity  i2 ;  and  it  is  remarked  that  9J  is  a  minimum   for 

It  is  then  assumed  that  the  velocity  of  M  is  continually  altered 
in  quantity  and  direction  by  the  collisions,  but  at  the  same  time  a 
certain  mean  velocity  A,  in  the  direction  OX,  prevails.  Those  de- 
viations from  the  mean  motion  eiiected  by  the  impacts  the  author 
names  the  "oscillating  motion"'  of  the  atom  M.  [To  some  extent 
in  this  way  behaves  an  atom  of  one  kind  of  gas  which  is  diffused 
with  a  certain  ^  elocity  through  another. — TuE  Repoetek.]  The 
probability /i;  that  the  atom  M  has  the  velocity-components  17^,  Vj,, 
Wi,  in  the  directions  of  the  axes  of  coordinates  the  author  finds  by 
a  method  first  employed  by  0.  E.  Meyer.  He  first  finds  the  pro- 
bability that  the  atom,  in  n  arbitrarily  chosen  time-elements,  has 
successively  the  velocity-components 

L\,  V„  AV,,  U„  V„  W„  . . .  U„  V„  W, 

equal  to  the  product 

As  the  most  probable  distribution  of  velocities  he  designates  that 
for  which  this  product  is  a  maximum.  But  now  the  sought-for 
function  /  is  not  variated,  but  the  differential  quotients  of  the  above 
product  with  respect  to  the  Aariables  contained  therein  are,  under 
the  corresponding  accessory  conditions,  put  equal  to  0,  which  gives 

By  r  the  author  denotes  the  ratio  of  the  time  during  which  the 
velocity-components  of  the  atom  M  lie  between  the  limits  U  and 
U-t-f^r,  Y  and  Y-t-rfV,  W  and  W  +  r/W  to  the  whole  time  oftho 
motion  of  that  atom  ;  and  he  finds  from  the  above,  putting 


17=  11  cos  6',     A'=Osiu0' cos^',     W=^ sin  6' sine!)', 

iu='^l-mQ,,     (I— '^  1cm  A,     K=-, — « 

'  Icyn 

r=  A'Y £-''('"■-''"--2  cos0'  +  a-v  do)  sin  B'  (W  cV- 


I'or  the  quiescent  gas.  Maxwell's  distribution  of  velocities  is 
assumed  : — the  number  of  the  atoms  in  the  unit  of  space  for  which 
the  X  component  of  the  velocity  lies  between  a  and  I'  +  du  is 


-V^ 


TT 
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If  L  be  the  meau  vis  viva  of  the  atom  M,  this  gives  for  the  meau 
via  viva  L  — glMA")  of  its  oscillating  niotion  the  value  3M/4,\. 
The  meau  vis  viva,  howe\er,  of  au  atom  m  is  equal  to  3/4/t.  In 
order  to  tiiid  the  depeudeuce  of  L  ou  A,  the  author  seeks  the  pro- 
bability (l?irU^  dV^  c?W,  that,  if  the  atom  M  before  the  impact  had 
the  veiocity-compoueuts  V,  V,  W,  the  resulting  impact  is  exactly 
sucli  that  the  velocity-components  after  it  lie  between  the  limits 
U,  and  h\  +  d\J^,  V,  and  Y,  +  r/V„  W,  and  W,  +  dW^.  Consider- 
ing iirst  an  impact  occurring  upon  any  surface-element  of  the 
sphere,  and  then  summing  all  the  collisions  resulting  upon  all  the 
surface-elements  so  that  the  condition  mentioned  is  fultilled,  he  iiuds 

^dV,  dY,  dW,=  (^J±!^\\l^  ^¥' 

,,„  ru+m      u(u,-u)+v(v-V)+W(W,-Ar)r 
L^^^^  Q  J 

«U,  f/V,  dW, 


Q9? 
in  which  R  is  the  radius  of  the  atom  M, 

Q=  +  V(U-U)^+(V-V/+(W-A\T. 

Xow,  as  the  atom  M  in  the  course  of  the  time-unit  collides  FN 
times  with  m  so  that  before  the  impact  the  velocity-components  of 
the  former  lie  between  the  limits  U  and  V  +  dV,  \  and  Y  +  dV, 
W  and  W-|-(?W  without  any  further  condition, 

F^:)l^dV,dY,dW, 

is  the  number  of  impacts  which  M  during  the  unit  of  time  suffers 
in  such  wise  that  the  velocitv-components  before  the  impact  lying 
between  the  limits  U  and  U  +  rfU,  V  and  Y  +  dY,  W  and  W-t-fZW, 
after  the  impact  lie  between  the  limits  Fj  and  JJ^^dlJ^,  Vj  and 
Y^  +  dY,,Yi,iindYJ'^  +  d^Y^.  If  we  integrate  over  all  the  differ- 
entials contained  in  F,  we  obtain  the  number  of  impacts  after 
which  the  velocitv-components  lie  between  the  limits  U,  and 
V^  +  dJJ^,  Y^  and  V^  +  ^/V^,  W,  and  W^-f  r/W,  without  any  other 
condition  ;  and  since  this  must  be  equal  to  the  number  of  impacts 
at  which  the  velocity-components  before  the  impact  lie  between 
the  same  limits,  without  any  condition  for  those  after  the  impact, 


we  get 


F^m=dl\  dY,  (AV,  r  "^  p  ('"""'f^?*. 

Jo   Jo  Jo 

If  in  this  equation,  which  holds  for  all  values  of  U^,  V^,  AVj, 
assign  to  each  of  these  quantities  the  value  0,  we  get,  after  cai 


\Ae 
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iug  out  the  three  integrations. 


in  which 


Trom  this  we  find 


"^\    2m    J 

^M     3M     T-      M  .,     3 

in       4\  2  4a; 

that  Is,  the  part  of  the  mean  vis  viva  expended  upon  oscillating 
motions  of  the  atom  is  in  general  less  than,  and  for  A=0  is  equal 
to  the  mean  vis  viva  of  an  atom  in.  Tor  A=co  it  is  equal  to  0. 
The  author  demonstrates  also  that 

.-Ma- 

with  A  increasing  must  always  constantly  diminish. 

By  integrating  T-)?  o\  er  the  three  differentials  therein  contained, 
the  author  iinds  the  number  Z  of  the  collisions  \Ahich  the  atom  M 
suffers  in  unit  time,  and  by  threefold  integration  of  F .  12  the  sum 
a  of  all  the  lengths  of  path  of  the  atom  during  the  unit  of  time. 
p=8/Z  is  the  mean  path  betA^een  two  collisions.  8imple  values 
were  obtained  only  for  A=0. 

Since  the  atoms  m  form  a  resting  gas,  it  is  clear  that  the  atom 
M  will  continually  lose  more  and  more  of  its  own  proper  velocity 
through  the  collisions.  The  author  calculates,  first,  how  nnich  a 
collision  of  any  kind  changes  the  X  component  of  the  velocity  of  M. 
This  quantity,  multiplied  by  the  number  of  collisions  of  that  kind 
in  unit  time,  and  integrated  over  all  kinds  of  colUsions,  gi\es  the 
diminution  dA/dt  which  the  proper  velocity  of  the  atom  ]M  under- 
goes on  the  average  in  the  unit  of  time,  and  which  the  author,  like 
Stefan  (in  his  theory  of  gas-diffusion),  designates  the  resistance  of 
the  gas  to  the  atom  M.     If  A  is  very  small,  the  calculation  gives 


dA 


while 


=  -./A,     A  =  A„c-2-', 
at 


•i,-,Ti-,..               ^  T^  ~T   —    ^           ^   ^       ^ 
l>=  Ji ''■'■ ^ • 


-AViedemann's  Btiblattcr,  1882,  no.  6,  pp.  451-155 
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XIX.   On  the  Electriciti/  of  Flame, 
By  Julius  Elster  and  Hans  Geitel''^. 

[Plate  IV.  figs.  1-4.] 

§  1.  Introduction. 

ON  the  electricity  of  flame  there  is  ah'eady  a  long  series  of 
memoirs  ;  but  in  many  respects  they  contradict  one 
another,  both  in  regard  to  the  results  and  also  to  the  views 
advocated  by  the  dilFerent  authors  as  to  the  cause  of  flame- 
electricity.  As  Holtz  t  has  briefly  given  a  very  perspicuous 
digest  of  all  the  memoirs  which  refer  to  the  electrical  beha- 
viour of  flames,  a  reiterated  historical  quotation  of  them  in  this 
place  may  certainly  be  dispensed  with. 

The  origin  of  the  electrical  difference  can  be  accounted  for 
by  the  following  three  causes: — 

(1)  The  electricity  of  flame  is  caused  by  the  process  of 
combustion  as  such  (Pouillett,  Hankel§). 

(2)  It  arises  from  the  flame  behaving  to  the  metals  intro- 
duced as  electrodes  like  an  electrolyte  (Matteucci||).  To  this 
explanation,  evidently,  no  other  meaning  can  be  attached  than 
that  the  dift'erent  layers  of  the  flame  excite  differently  by  con- 
tact the  wires  immersed  in  them.      For  shortness,  Ave  will 

*  Translated  from  Wiedemann's  Annalen,  1882,  no.  6,  vol.  xvi.  pp.  193- 
222. 
"  t  Carl's  Rep.  xvii.  pp.  269-294  (1881). 

X  Ann.  de  C'him.  et  de  Phys.  xxxv.  p.  404  (1827). 

§  Pogg.  Ann.  Ixxxi.  p.  212  (1850).        ||  Phil.  Mag.  1854,  viii.  p.  309. 

Phil.  Mag.  S.  5.  Vol.  14.  No.  87.  Sept.  1882.  M 
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in  future  designate  this  as  the  ^'electrolytic"  theory,  and,  in 
correspondence  therewith,  speak  also  of  "  electrolytic  "  excita- 
tion by  the  flame. 

(3)'  Its  explanation  is  found  in  a  thermoelectric  difference 
of  the  electrodes  (Bufl:")*. 

Tlie  theories  which  are  deduced  from  the  unipolar  conduc- 
tivity of  flame  we  may  be  permitted  to  pass  without  notice, 
since,  as  \Yill  result  from  the  following  investigation,  sources 
of  error  may  have  prevailed  here,  causing  the  conclusions 
drawn  from  them  to  appear  doubtful. 

Besides  these  differences  in  respect  of  theory,  however,  the 
different  observers  also  adduce  experiments  which  are  abso- 
lutely irreconcilable  with  one  another.  This  goes  so  far  that 
even  in  regard  to  the  question  whether  the  positive  or  the 
negative  electricity  is  that  which  is  proper  to  flame  no  unity 
prevails. 

The  reason  of  this  lies  in  the  fact  that  all  the  observers  have 
overlooked  a  point  that  plays  a  very  essential  part  in  the  elec- 
tricity of  flames,  namely  the  behaviour  of  the  shell  of  air 
which  immediately  envelopes  the  flame. 

The  maximum  of  electromotive  force  is  always  found  when 
one  ware  is  introduced  into  the  latter,  and  another  into  the 
interior  of  the  flame,  as  will  be  shown  in  the  following.  At 
the  same  time,  however,  with  the  electrodes  in  this  position 
the  resistance  of  the  hot  layer  of  gas  separating  the  wires  is 
uncommonly  greater  ;  so  that  we  can  hardly  reckon  on  mea- 
suring the  intensity  of  the  current  with  the  aid  of  a  multiplier  ; 
it  is  perhaps  a  consequence  of  this  circumstance  that  all  the 
observers  who  have  investigated  flame-electricity  by  means  of 
that  instrument  have  lost  sight  of  the  point  above  named. 

As  hitherto,  so  far  as  is  known  to  us,  the  electricit}-  of  flame 
has  not  been  examined  with  an  electrometer  permitting  exact 
measurements,  it  appeared  to  us  of  importance  to  test  the 
electric  behaviour  of  flame  with  Thomson^s  quadrant-electro- 
meter, and  eventually  to  verify  the  correctness  of  one  of  the 
theories  above  cited. 

§  2.  Apparatus  and  Method. 

In  order  to  keep  the  charge  of  the  needle  of  the  electro- 
meter constant,  it  was  connected  with  one  of  the  poles  of  a 
Zamboni's  battery  consisting  of  2400  pairs  of  plates,  the  other 
pole  of  which  was  led  In  earth.  The  double  deflection  pro- 
duced by  a  normal  daniell  varied  4  or  5  scale-divisions  during 

•*  Lielo.  .4««,lxxx.  p.  1  (ISol)  \-  xc.  p.  1  (1854), 
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the  time  of  the  investigation,  and  amounted  in  the  mean  to 
112.  To  this  normal  daniell,  putting  its  electromotive  force 
=  100,  all  the  data  given  in  the  following  communication  are 
referred.  Tlie  scale  was  placed  at  2  metres  distance  from  the 
mirror ;  and  the  deflection  left  and  right  from  the  position  of 
rest  was  measured  by  means  of  a  suitable  turn- plate. 

In  order  to  convey  the  electricity  of  the  flame  to  the  quad- 
rants, of  which  one  was,  as  usual,  connected  with  the  earth, 
straight  wires  were  mostly  employed,  or  electrodes  from 
liquids,  which,  fixed  in  suitable  stands  well  insulated  upon 
cakes  of  resin,  could  be  raised  and  lowered  at  pleasure. 

The  experiments  Avere  made  with  well-insulated  Bunsen 
burners  and  with  alcohol  flames.  The  flames  of  the  former 
issuing  from  apertures  of  the  usual  width  proved  too  flicker- 
ing, and  therefore  the  measurements  too  uncertain.  On  this 
account  a  very  small  Bunsen  burner  was  prepared  from  a  glass 
tube  of  4  millim.  width.  Its  upper  extremity  was  surrounded 
by  a  platinum  sheath,  in  order  to  avoid  colouring  the  flame 
by  the  gradually  heating  glass.  When  one  electrode  [the 
"  base-electrode  "]  (B,  fig.  1)  was  immersed  in  the  foot  of  the 
flame,  and  the  other  in  its  apex  [the  "apex-electrode"]  (S, 
fig.  1),  with  the  turn-plate  in  one  position  the  foot  of  the  flame 
"was  connected  with  the  earth,  and  the  apex  insulated  ;  with 
the  other  position  the  reverse  took  place. 

§  3.  Longitudinal  Polarization  of  the  Flame. 

Hankel  states  that  when  one  platinum  wire  is  introduced 
into  the  apex  of  a  flame  and  one  into  its  base,  a  galvanometer 
indicates  an  electric  current  passing  from  above  downwards. 
From  this  it  might  be  inferred  that  the  flame  is  polarized 
lengthwise. 

The  corresponding  experiment  with  the  electrometer  gives 
apparently  the  same  result ;  but  in  this  case  two  very  strikino- 
points  are  to  be  remarked. 

The  first  point  is  this  : — If  the  experiment  be  arrano-ed  as 
represented  in  fig.  1,  the  apex  mostly  appears,  as  in  Hankel's 
experiment,  negative  to  the  base ;  but  very  often,  and  appa- 
rently without  any  external  cause,  the  reverse  takes  place. 

The  second  is  that  when  the  metal  from  which  the  flame 
issues  is  connected  with  that  quadrant  which  is  conducted  to 
earth,  while  the  insulated  electrode  is  introduced  at  different 
heights  s  above  the  base,  by  suitably  shifting  the  insulated 
electrode  within  a  cross  section  the  appearance  of  a  constant 
potential  within  the  flame  is  easily  attained. 

M2 
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Thus  the  electromotive  force  (E)  was  determined  as  fol- 
lows:— for 

inillim. 
5=   1  E  =  104 

5=20  E  =  104 

.s  =  60  E=   94  (wire  at  the  extreme  apex). 

Lastly,  as  a  third  noteworthy  point  may  be  added  that  the 
electromotive  force  is  independent  of  the  size  of  the  flame,  and, 
consequently,  of  the  amount  of  the  burning  gas.  This  is  evi- 
dent from  the  following  experiment: — 

By  regulating  the  admission  of  the  gas,  over  the  same 
aperture  of  the  burner  three  flames  of  different  height  It  were 
produced,  and  their  apices  connected  with  the  insulated  pair 
of  quadrants  by  a  clean  plate  of  platinum.  There  were  found, 
for 

A  =  20  7^  =  35  A=70 

E  =  73'7  E  =  75  E  =  73-9, 

consequently  the  electromotive  force  E  independent  of  the 
height  /(  of  the  flame.  Two  subsequent  series  of  experiments 
gave  the  same  result.  Here  the  arrangement  of  the  experi- 
ment Avas  that  shown  in  fig.  2  a.     There  were  found,  for 

1st  series.  2nd  series. 

/i  =  20  E  =  142  E  =  213-2 

7^=40  E  =  145  E  =  219-2 

A=70  E  =  142  E  =  216-0 

The  reason  of  the  value  of  E  being  here  so  much  higher  will 
appear  subsequently. 

§  4.  Polarization  of  the  Flame  in  the  Cross  Section. 

If  the  flame  were  polarized  lengthwise,  the  surfaces  of  equal 
potential  would  be  given  b}'  planes  perpendicular  to  the  axis 
of  the  flame.  On  examining  cross  sections  of  this  sort,  the 
surprising  result  was  obtained  that,  if  the  two  platinum  wires 
laterally  introduced  penetrate  the  flame  to  an  equal  depth,  the 
difference  of  potential  within  one  and  the  same  cross  section 
=  0,  but  that  with  a  slight  horizontal  displacement  of  either 
electrode  a  difference  of  potential  often  appears,  which  equals 
that  produced  by  the  vertical  displacement  or  far  exceeds  it. 
The  latter  takes  place  whenever  one  of  the  electrodes  no  longer 
dips  into  the  flame,  but  into  the  enveloping  shell  of  hot  air 
(A  A',  fig.  1).  The  layer  of  air  immediately  enveloping  the 
flame  plays  therefore  an  essential  part  in  the  electrical  be- 
haviour of  the  flame. 
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Hence,  in  order  to  avoid  possible  errors,  it  appeared  advi- 
sable to  cover  as  much  of  the  electrodes  as  Avas  not  within  the 
flame  with  an  insulating  coat,  which  could  easily  be  done  by 
fusing  the  platinum  wires  into  glass  tubes.  The  wire  project- 
ing out  of  the  glass  was  just  long  enough  to  reach  from  one 
margin  of  the  flame  to  the  other. 

If,  now,  two  such  platinum  wires  were  placed  opposite  one 
another  in  one  and  the  same  cross  section  of  the  flame,  and  one 
of  them  was  continually  moved  further  and  further  from  the 
other,  with  its  complete  withdrawal  from  the  flame  a  very  con- 
siderable increase  of  the  electromotive  force  occurred  ;  it  rose 
from  12  to  192  ;  and  the  electrode  which  was  in  the  layer  of 
hot  air  was  positive. 

Accordingly,  a  flame  gives  the  maximum  of  action  when 
the  apex-electrode  is  introduced  into  the  hottest  part  of  the 
flame,  and  the  base-electrode  into  the  sensitive  hot  layer  of  air, 
about  as  represented  in  fig.  2  a. 

Let  it  be  further  remarked  that  with  this  arrangement  of 
the  experiment  a  reversal  of  the  polarity  of  the  flame  was  never 
observed  by  us,  and  that  all  carburetted-hydrogen  flames  ex- 
hibited the  same  behaviour. 

§  5.   On  the  Change  of  the  Polarity  of  a  Flame. 

It  was  mentioned  in  §  3  that  one  and  the  same  flame  appears 
sometimes  positive,  sometimes  negative.  Since,  then,  the 
wire  introduced  into  the  air  envelope  becomes  highly  positively 
electric,  it  is  clear  that  uncommonly  much  will  depend  on  how 
the  electrodes  are  introduced  into  the  flame.  If  it  is  wished  to 
have  the  apex  of  the  flame  negative,  the  apex-electrode  must 
be  completely  enwrapped  in  the  flame  ;  in  the  other  case, 
especially  if  the  l)ase-electrode  dips  quite  into  the  flame,  the 
electric  excitation  of  the  enveloping  air  stratum  may  prepon- 
derate, and  consequently  the  flame  appear  positive.  If  this  is 
the  true  explanation,  it  must  be  possible  artificially  to  change 
the  polarization  of  a  flame. 

Of  the  experiments  with  alcohol-flames  we  note  the  follow- 
ing ;  the  positions  of  the  platinum  electrodes  are  given  in 
fig.  2  a,  h,  c,  d,  e.  In  fig.  2  a  the  base-electrode  B  is  in  air  at 
about  ^  millim.  distance  from  the  margin  of  the  flame,  and 
will  now  be  gradually  pushed  in  till  (fig.  2  c)  it  touches  both 
margins  of  the  flame.  The  apex-electrode  S  has  had  this 
same  position  from  the  beginning.  The  electrode  B  was  then 
left  in  this  situation  and  S  gradually  drawn  out  of  the  flame 
until  it  was  all  in  air  (fig.  2  e).  The  deflections  were  as  fol- 
lows:— 
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Position  of  i 

rest  of  the  electrometer 

-needle:  511-0 

Daniell  = 

100. 

Position  of 

Orientation  of 

Electromotive 

electrodes. 

needle. 

force. 

a 

439-0 

+  144 

h 

485-0 

+   52 

c 

510-5 

+      1 

d 

547-0 

-   72 

e 

572-0 

-122 

(The  sign  placed  before  E  gives  the  direction  of  the  electric 
excitation  of  the  electrode  B.) 

Or,  in  words: — 

As  long  as  B  is  outside  of  the  flame  it  is  positive,  S  negative 

When  B  is  in  the  margin  of  the  flame,  the  deflection  dimi- 
nishes, but  B  still  remains  positive,  S  negative  (fig.  2  h). 

When  B  and  S  are  equally  immersed  in  the  flame  the  needle 
returns  to  its  resting-position  (511);  deflection  510-5.  There- 
fore, with  the  position  fig.  2  c,  E  =  0. 

If  S  is  now  drawn  back  into  the  margin  of  the  flame 
(fig.  2  (7),  it  becomes  positive,  B  negative;  the  polarity  of 
the  flame  is  therefore  reversed.  And  when,  finally,  S  is  quite 
outside  of  the  flame  (fig.  2  e),  it  is  strongly  positive  ;  conse- 
quently it  behaves  exactly  as  did  the  electrode  B  in  the  initial 
position  (fig.  2  a). 

With  a  suitable  position  of  the  electrodes,  consequently,  the 
flame  is  shown  to  be  not  polarized  lengthwise  at  all.  This 
proves  that  the  longitudinal  polarization  of  the  flame  is  only 
apparent,  called  forth  by  the  unequal  immersion  of  the  two 
electrodes.  At  the  same  time  the  second  point,  the  constancy 
of  the  value  of  the  potential  in  the  flame,  is  hereby  explained. 

The  reversal  of  the  polarity  can  likewise  be  shown  with  a 
gas-flame;  only  it  does  not  bring  back  the  electrometer-needle 
quite  to  its  position  of  rest,  a  small  ±  deflection  of  from  5  to 
10  scale-divisions  always  continuing  to  subsist. 

A  bisulphide-of-carbon  flame  shows  the  reversal  of  the 
polarity  in  like  manner  as  a  spirit-flame,  which  is  interesting 
inasmuch  as  in  it  the  chemical  process  is  fundamentally  dif- 
ferent. 

Leaving  quite  out  of  consideration  provisionally  a  proper 
electricity  of  flame,  the  electrical  phenomena  in  question  might 
be  essentially  conditioned  by  contact  of  the  metals  with  the 
hot  air  and  the  gases  of  the  flame.  It  might  then  be  expected 
that  the  electromotive  force  would  depend  on  the  nature  of  the 
metalsj  as  well  as  on  that  of  the  burning  gases. 
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A  series  of  very  carefully  made  exporiuients  have  most  de- 
cisively confirmed  both  these  conclusions. 

§  G.  Dependence  of  the  Electromotive  Force  upon  the  Nature 

of  the  Metals. 

If  a  platinum  electrode  is  brought  into  the  base  of  the  flamo 
or  into  the  sensitive  stratum  of  air  while  the  apex  is,  as  exactly 
as  possible,  at  the  same  place  conducted  to  earth,  considerably 
different  values  are  obtained,  according  to  the  nature  of  the 
conducting  metal.  In  the  series  of  experiments  recorded  in 
the  following  table  the  position  of  the  electrodes  was  that 
represented  in  fig.  2  a.  B,  as  well  as  the  flame  itself,  remained 
unmoved  during  the  whole  time  of  a  series  of  experiments, 
while  the  apex-electrode  S  consisted  successively  of  wires  of 
platinum,  iron,  copper,  and  aluminium.  The  experiments 
were  made  with  the  non-luminous  flame  of  the  small  Bunsen 
burner  described  at  the  commencement. 

Table  I. 

The  flame-apex  electricity  Electromotive  force  for  D  =  100. 

conducted  away  by  Series  of  experiments. 


I. 

II. 

III. 

IV. 

Platinum 

.     49-(> 

11(3-0 

157-2 

188-4 

Iron  .     .     . 

.     G4-3 

139-0 

173-8 

232-0 

Copper    .     . 

•               •  •  • 

153-2 

208-8 

2G4-0 

Aluminium  . 

.  171-0 

237-0 

2<o%-^ 

364-0 

In  all  four  series  the  flame  shows  itself  very  highly  electric 
when  conducted  away  by  aluminium,  less  so  with  conduction 
by  copper,  still  more  feebly  on  the  employment  of  iron  ;  and 
the  smallest  values  are  obtained  with  conduction  by  platinum. 
When  both  electrodes  dip  into  the  flame  the  result  is  com- 
pletely analogous;  and  it  is  just  the  same  when,  instead  of  the 
non-luminous  gas-flame,  a  luminous  gas-flame  or  a  spirit- 
flame  is  employed.  The  peculiar  position  of  aluminium  also 
with  such  an  arrangement  of  the  electrodes  and  the  employ- 
ment of  such  flames  follows  from  Table  II. 

Table  II. 

-xr-   3    c  a  Apex  of  flame  conducted-from  bv     Electrodes 

Kind  of  flame.  Platinum.  Aluminium.  "  as  in 

Ordinary  Bunsen  burner     74-2  149-2  Fig.  2  h 

Luminous  gas-flame  .     .     49*6  112-2  Fig.  2  h 

Spirit-flame      ....  160*0  278-0  Fig.  2  a 

The  base-electrode,  in  all  the  series  of  experiments,  consisted 
of  a  platinum  wire.  As  the  wires  employed  were  not  of  equal 
thickness,  we  made  another  series  of  experiments  with  three 
plates,  of  exactly  equal  thickness,  of  aluminium,  copper,  and 
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platinum,  which  were  introduced  into  the  apex  of  a  pure- 
alcohol  flame.  In  the  gas-flame  there  was  always  a  fusion  of 
the  aluminium,  altering  the  shape  of  the  electrode.  The  pos- 
sible source  of  error  herein  contained  also  disappears  when  a 
spirit-flame  is  employed.  The  determinations  of  the  electro- 
motive force  of  the  flame  were: — when  its  apex  was  conducted- 
from  by 

The  platinum  plate  .  .  120'1 
The  copper  plate  .  .  .  166"0 
The  aluminium  plate       .     301"5 

Sodium  and  magnesium  are  more  negative  than  aluminium, 
as  will  be  seen  from  the  following  numbers: — 

Flame  conducted-from  by  Electromotive  force. 

Platinum  wire 119 

Aluminium  wire 198 

Magnesium  ribbon      ....     221 
Sodium 338 

The  last  two  metals  were  introduced  into  the  lower  part  of 
the  flame,  in  order  to  prevent  their  ignition.  The  sodium  was 
a  piece  of  the  size  of  a  bean,  with  a  bright  cut  surface. 

The  relative  position  to  one  another  of  all  the  metals  em- 
ployed is  specified  ))y  the  following  numbers  : — 

Grold  (not  pure)   '^. 

Platinum                 >  ,     ,  150 

Silver  (not  pure)  J 

Iron .  170 

Copper 200 

Aluminium ....,,  300 

Magnesium 320 

^  Sodium 500 

A  Daniell's  element  =  100 

It  is  consequently  put  beyond  question  that  the  electric 
condition  of  a  flame  depends  essentially  upon  the  nature  of  the 
metal  conducting  from  it ;  but  that  nevertheless  the  quality 
of  the  surface  of  the  electrode  which  is  in  air  plays  also  an 
essential  part  was  evidenced  by  the  following  experiments: — 

If  the  insulated  base-electrode  in  air  be  wetted  with  water 
or  a  salt-solution  while  the  apex  of  the  flame  communicates 
with  the  earth,  a  very  considerable  diminution  of  the  electro- 
motive force  immediately  takes  place,  especially  when  a  solu- 
tion of  potassium  chloride  is  employed. 

A  perfectly  clean  platinum  wire,  employed  as  the  base- 
electrode,  gave  E  =  184;  when  it  was  wetted  with  distilled 
water,  E  instantly  fell  to  134,  passed  through  the  values  Ai^^, 


Purchased  wires  of  •{ 
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160,  and  was  finalh^  constant  at  170.  That  the  former  value 
181  was  not  again  reached  after  the  evaporation  of  the  water 
may  probably  be  accounted  for  by  a  slight  impurity  of  the 
(commercial)  distilled  water. 

Still  more  striking  was  the  phenomenon  when  a  solution  of 
potassium  chloride  was  employed.  Here  likewise  an  instan- 
taneous diminution  of  the  electromotive  force  from  184  to  74 
took  place;  and  when  the  wire  was  once  hastily  drawn  through 
the  flame  so  that  small  particles  of  fused  potassium  chloride 
overspread  it,  the  electromotive  force  fell  quite  to  16.  This 
value  could  not  be  increased  by  any  shifting  of  the  electrode; 
so  that  the  cause  of  this  great  diminution  cannot  possibly  be 
the  unavoidable  change  of  place  of  the  electrode  concerned. 

Finally,  let  us  mention  one  more  circumstance  belonging 
to  this — namely  that  freshly  annealed  wires,  used  as  electrodes 
in  the  air  stratum,  always  give  higher  values  than  those  which 
have  remained  a  longer  time  (say  ten  minutes)  exposed  to  the 
air — the  explanation  of  which  behaviour,  even  in  the  case  of 
platinum,  can  only  be  found  in  an  alteration  of  the  quality  of 
the  surface. 

§  7.  Repetition  of  the  Experiments  icith  Liquid  Electrodes. 

In  order  to  completely  avoid  the  contact  of  the  flame-gases 
with  metals,  liquid  electrodes,  of  the  form  represented  in  fig.  3, 
were  employed.  By  the  pressure  of  the  liquid  column  in  the 
glass  tube  K  a  drop  was  pressed  out  of  the  fine  aperture  a, 
which  was  then  brought  into  the  air  surrounding  the  flame, 
and  as  near  as  possible  to  its  base.  A  U  tube  served  to  put 
the  flame  of  a  Bunsen  burner  constructed  entirely  of  glass 
into  communication  with  the  earth,  one  leg  of  which  ascended 
the  inner  cavity  of  the  burner.  Both  the  glass  electrodes  were 
filled  Avith  distilled  water,  into  which  clean  platinum  wires 
(Pt)  dipped.  When  the  two  water  columns  in  the  electrodes 
were  connected  directly  with  each  other,  the  electromotive 
force  called  forth  by  the  heterogeneity  of  the  platinum  elec- 
trodes amounted,  at  the  maximum,  to  0'05  daniell. 

Now,  in  all  the  experiments,  the  electrode  which  was  in  air 
was  charged  in  the  same  sense  as  a  metallic  electrode  ;  it 
likewise  was  positive,  though  the  electromotive  force  was  cer- 
tainly much  weaker.  The  mean  values  from  three  series  of 
experiments  were  the  following: — 

E  =  51,    E  =  51,     E  =  56, 

while  two  platinum  electrodes  at  the  same  flame  gave  values 
which  lay  between  150  and  180. 

A  similar  series  of  experiments  were  performed  with  a 
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spirit-flame,  in  v/liicli  direct  contact  of  any  metal  with  the 
flame  was  likewise  ayoided.  The  conduction  to  earth  took 
place  bv  means  of  a  platinum  plate  dipping  into  the  alcohol  of 
the  lamp,  and  connected  with  the  earth-conduction  by  a  pla- 
tinum wire.  In  addition  to  the  electrode  represented  in  fig.  3, 
a  Avet  string  wrapped  tightly  round  a  glass  rod  was  employed. 
The  electromotive  force  was  then  determined: — For  the 

Water  electrode  in  air  .  E=:24, 
Wet  string  in  air  .  .  .  E  =  58; 
For  a  platinum  electrode     E  =  99. 

That  lower  values  likewise  result  for  the  latter  than  in  the 
previous  experiments  cannot  be  surprising,  since  in  this 
arrangement  of  the  experiment  there  is  no  second  metal  dip- 
ping into  the  flame  itself. 

A  direct  determination  of  the  combination  platinum,  water, 
alcohol,  platiiium  gave  a  maximum  of  11*6  for  a  daniell  =  100; 
so  that  the  observed  electromotive  force  cannot  be  produced 
by  this. 

In  employing  the  wet  string,  care  must  l)e  taken  not  to 
place  it  taugentially  near  the  flame  ;  for  then  small  fibrils 
might  project  into  the  flame  itself,  by  which,  for  the  reasons 
above  discussad,  a  reversal  of  the  polarity  of  the  flame  might 
easily  be  induced. 

The  above-communicated  values  beino-  so  much  lower  than 
on  the  employment  of  platinum  electrodes  may  be  accounted 
for  by  the  conduction  to  earth  by  distilled  water  or  alcohol 
being  always  veiy  imperfect.  On  this  account  it  seemed 
advisable  to  examine  the  behaviour  of  a  water  electrode  over 
against  a  platinum  electrode.  If  the  apex  of  the  flame  is  con- 
ducted-from  to  earth  by  a  platinum  wire,  the  water  electrode 
which  is  in  air  is  positive  only  so  long  as  the  platinum  wire  is 
completely  enveloped  by  the  flame  ;  if  it  be  drawn  so  far  out 
that  it  also  is  entirely  in  the  hot-air  stratum,  the  polarity  of  the 
electrodes  is  reversed — the  platinum  wire  being  positive,  the 
water  electrode  negative.  For  example,  in  an  experiment  of 
this  kind,  by  the  drawing-back  the  electromotive  force  was 
raised  from  — 142  to  +  60  (the  signs  refer  to  the  metal  elec- 
trode). From  this  it  follows  that  metals  in  contact  with  hot 
air  become  more  strongly  positive  than  liquids,  but  that  liquids 
in  contact  with  heated  gases  exhibit  nevertheless  a  similar 
behaviour  to  that  of  metals.  Accordingly  we  must  not  directly 
infer,  from  the  fact  that  flames  show  themselves  electric  even 
when  all  metals  are  avoided,  the  existence  of  a  peculiar  elec 
tricity  of  flame. 

The  complete  analogy  of  behaviour  between  metal  and  water 
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electrodes  appears  also  from  the  kind  of  metal  which  conducts 
from  the  flame  to  the  earth  having  an  essential  influence  upon 
the  result.  AV  hen  the  base-electrode  was  formed  by  "water, 
and  the  electricity  conducted  from  the  apex  of  the  flame  by 
different  metal  plates  of  equal  thickness,  determination  of  the 
electromotive  force  E,  when  the  conductor  was 

A  platinum  plate,  gave  E=  73" (5, 
An  aluminium  plate,  gave  E  =  17()'8. 
The  electromotive  force  of  the  combination  aluminium,  flame, 
hot  air,  water,  platinum  is  therefore  as  much  again  as  that 
between  platinum,  flame,  hot  air,  water,  platinum,  completely 
in  accordance  with  the  previous  experiments  with  two  metal 
electrodes. 

§  8.  Dependence  of  the  Electromotive  Force  on  the  Nature  of  the 

Flame. 

Since  the  electromotive  force  of  flame  depends  on  the  nature 
of  the  metal  introduced  into  it,  it  is  to  be  expected  that,  when 
the  constituents  of  the  flame-gases  are  changed,  an  alteration 
of  the  electromotive  force  must  also  occur.  Such  an  altera- 
tion can  be  readily  brought  about  by  introducing,  for  example, 
a  bead  of  soda  into  the  flame,  on  a  well  insulated  wire.  Indeed 
a  deflection  of  the  electrometer-needle  then  takes  place  imme- 
diately ;  only  with  sodium  there  is  the  great  inconvenience 
that  within  a  short  time  the  entire  atmosphere  of  the  room  is 
so  impregnated  with  sodium  vapour  that  the  flame  burns  with 
a  strong  resemblance  to  a  sodium-flame,  which  affects  the  trust- 
worthiness of  the  results.  On  this  account  a  salt  to  which 
flame  is  less  sensitive  was  chosen,  namely  potassium  chloride. 

It  was  first  ascertained,  by  a  series  of  careful  experiments, 
that  the  introduction  of  a  well-cleaned  and  insulated  platinum 
wire  into  the  flame  did  not  alter  the  electromotive  force.  It 
may  be  sufficient  to  allude  to  this  point  here,  as  we  shall  sub- 
sequently return  to  it. 

When  the  electrodes  are  in  the  position  shown  in  fig.  2  a, 
and  a  bead  of  potassium  chloride  is  introduced  on  an  insulated 
platinum  wire,  the  needle  receives  an  impulse  which  indicates 
an  increase  of  the  electromotive  force  ;  but  it  quickly  goes 
back  again,  and,  indeed,  far  below  the  value  of  the  deflection 
which  had  been  given  with  a  pure  flame.  According  to  this, 
there  was  a  diminution  of  the  electromotis'c  force  ;  but  it  was 
only  an  apparent  diminution  ;  for  if  the  bead  of  potassium 
chloride  be  now  taken  out  of  the  flame,  the  needle  approaches 
still  nearer  to  its  resting-})lace.  This  indicates  that  with  the 
electrode  which  was  in  air  an  alteration  must  have  taken 
place.     Upon  it  a  thin  dash  of  potassium  chloride  has  formed, 
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so  that  the  platinum  wire,  introduced  into  the  flame,  burns  for 
a  moment  like  potassium.  As  soon  as  the  colouring  of  the 
flame  is  over,  the  same  wire,  used  as  the  electrode  in  air,  again 
gives  the  usual  (mostly  somewhat  higher)  values. 

The  apparent  diminution  of  the  electromotive  force  is  con- 
sequently caused  by  the  coating  of  the  electrode  which  is  in 
air  with  potassium  chloride,  corresponding  to  the  experiment 
recorded  in  §  6. 

In  the  following  Table,  E  denotes  the  electromotive  force 
of  an  aljsolutely  pure  non-luminous  gas-flame;  Ea-,  the  electro- 
motive force  of  the  same  flame  when  a  bead  of  potassium 
chloride  is  introduced;  E',  the  electromotive  force  of  the  flame 
after  removal  of  the  bead,  but  with  the  electrodes  B  and  S 
(fig.  2  ake)  covered  with  Ka  CI.  Accordingly  Ejt— E'  repre- 
sents the  increase  of  electromotive  force  producf'd  by  the  intro- 
duction of  the  Ka  CI. 

Position  of  the 
electrodes  as  in 


Series. 

E. 

E,. 

E'. 

I. 

150 

60 

2Q 

II. 

171 

111 

80 

III. 

182 

142 

30 

IV. 

174 

132 

75 

Eii— E'. 
34  \ 

31  r 

112  1 
57/ 


Fig.  2  a. 
Fig.  2  e. 


*&• 


The  reason  that  the  values  of  Ejt— E'  show  so  little  accord- 
ance lies  in  the  impossibility  of  making  two  series  of  exjDeri- 
ments  under  exactly  the  same  conditions.  Besides  depending 
on  the  position  of  the  electrodes,  E^t  —  E'  depends,  in  a  more 
comjjlicated  manner,  on  this — into  which  part  of  the  flame 
the  potassium-chloride  bead  is  introduced.  Nevertheless  the 
above  iiumbers  prove  that  an  increase  of  the  electromotive 
force  is  produced  by  the  vaporization  of  the  potassium  chloride 
in  the  flame.  This  can  also  be  verified  on  the  employment  of 
liquid  electrodes. 

Different  flames  being  employed,  the  following  values  were 
obtained  for  the  electromotive  force  when  platinum  electrodes 
were  introduced  in  the  position  fig.  2  a: — 

Flame.  E. 

{!)  That  of  a  Bunsen  burner      .     .  180-200 

(2)  A  luminous  gas-flame       .     .     .  180-200 

(3)  Stearine  candle-flame  ....  180-200 

(4)  Spirit-flame 180-200 

(5)  Magnesium-flame 20-  30 

(6)  Bisulphide-of-carbon  flame   .     .  85-100 

With  magnesium  the  experimental  diflftculties  are  very 
great.  Here  it  could  not  be  ascertained  with  certainty  whether 
the  air-electrode  was  excited  positively,  as  was  at  other  times 
the  case  loith  all  flames,  or  negatively. 
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§  9.  Combination  of  several  Flames. 
We  have  still  to  mention  that  flames  can  be  combined  in 
exactly  the  same  manner  as  galvanic  cells — the  base  of  one 
flame  being  connected  ^vith  the  apex  of  the  second,  the  base 
of  the  second  with  the  apex  of  the  third,  and  so  on,  by  wires. 
Three  Bunsen  burners,  connected  in  this  manner  by  copper 
wires,  gave  the  following  deflections  at  the  electrometer: — 

1  burner     ...       80  scale-divisions. 

2  burners   ...     156  „  (160) 

3  „        ...     245  „  (240) 

With  perfect  equality  of  the  burners  the  numbers  in  brackets 
might  have  been  expected.  TAveuty-five  spirit-flames,  com- 
bined in  this  way  into  a  battery,  produced  at  the  electrometer 
a  deflection  too  small  to  be  measured  by  mirror  and  scale.  At 
all  events  the  intensity  of  the  current  which  set  in  was,  on 
account  of  the  great  resistance  within  the  flames,  very  little. 
A  sufficiently  sensitive  multiplier  to  prove  the  latter  point  was 
not  at  our  disposal. 

§  10.  Sximmary  of  the  Results. 

1.  The  longitudinal  polarization  of  flame  is  only  apparent, 
and  is  called  forth  by  unequal  immersion  in  the  flame  of  the 
wires  employed  as  electrodes. 

2.  The  flame  appears  to  be  strongly  polarized  in  its  cross 
section;  and  the  electrode  which  is  in  the  stratum  of  air  im- 
mediately enveloping  the  flame  is  always  positive'  to  the  elec- 
trode in  the  flame. 

3.  In  agreement  with  the  points  1  and  2,  the  electromotive 
force  is  independent  of  the  magnitude  of  the  flame. 

4.  Change  of  polarity  of  the  flame  can  be  called  forth  by  a 
suitable  displacement  of  the  electrodes,  and  likewise  finds  its 
explanation  in  points  1  and  2. 

5.  The  electromotive  force  of  the  flame  is  dependent  on  the 
nature  of  the  metals  used  as  electrodes,  and  on  that  of  the 
burning  gases.  It  appears  singularly  powerfully  electric 
when  aluminium  or  magnesium  is  made  use  of  as  the  metal 
conducting  from  it;  singularly  feebly  when  the  electrode  in 
air  is  covered  with  a  salt  (potassium  chloride). 

6.  Unequivocal  electrical  effects  are  likewise  obtained  from 
the  flame  when  water  electrodes  are  employed  and  every  metal 
excluded;  and  the  electrode  Avhich  is  in  air  is  likewise  jDOsitive 
to  that  in  the  flame.  All  the  above  propositions  can  be  con- 
firmed with  liquids,  so  far  as  their  nature  permits. 

7.  Flames  can  be  combined   after  the  manner  of  uulvanic 
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elements;  consequently  a  number  of  them  can  be  united  to 
form  a  ''flame  battery." 


§  11.    Thermoeledrical  Behaviour  of  Platinum  Wires 
separated  hi]  a  Stratum  of  Hot  Air* . 

The  Yjbenomena  above  discussed  can  be  naturally  explained 
both  from  the  thermoelectric  and  the  electric  theory;  but  we 
soon  arrived  at  the  conviction  that,  so  long  as  experiment  was 
made  on  the  flame  itself,  a  decisive  experiment  for  the  one  or 
the  other  theory  could  not  be  instituted,  especially  if  the 
existence  of  a  peculiar  flame-electricity  (hitherto  excluded 
from  our  considerations)  were  assumed  in  order  to  aid  in  ox- 
plaining  the  phenomena.  Hence  it  was  necessary  to  consider 
the  matter  from  another  point  of  view,  and  to  discover  a 
method  by  aid  of  which  wires  at  difterent  temperatures  in  hot 
air  could  be  examined  as  to  their  respective  electrical  beha- 
viour. Of  course  in  this  case  the  hot  air  would  not  proceed 
from  a  flame,  and  therefore  would  not  be  mixed  with  the  pro- 
ducts of  combustion. 

Starting  from  these  views,  we  employed  the  apparatus  repre- 
sented in  fig.  4.  a  6  is  a  fine  platinum  wire  stretched  between 
two  copper  wires  x  and  y,  which  can  be  rendered  incandes- 
cent by  a  battery  of  two  Bunsen  elements  B.  At  the  point  m, 
its  electricity,  and  with  it  also  that  of  the  battery,  was  con- 
ducted to  earth  and  connected  with  one  pair  of  quadrants  of 
the  electrometer.  A  second  platinum  wire,  c,  Avas  connected 
Avith  the  insulated  pair  of  quadrants,  and  could  be  brought  to 
any  degree  of  proximity  to  the  wire  a  h.  This  movable  wire 
was  placed  so  as  to  be  as  near  as  possible  to  the  point  u ;  if  a 
thermoelectric  difiJerence  then  arose  from  the  incandescence  of 
the  wire  ah,  it  Avas  necessarily  a nnoiuiced  by  the  electro- 
meter. 

There  is,  however,  in  this  experiment  a  source  of  error  to 
be  mentioned.  As  it  would  be  inadmissible,  and  even  (with 
precision)  impossible,  to  place  the  wire  c  exactly  opposite  to 
the  point  ?;,  a  difference  of  potential  might  also  possibly  arise 
from  the  circumstance  that  the  potential-difference  of  the 
points  u  and  v  on  the  stretched  wire  a  h  traversed  by  the  cur- 
rent would  1)0  measured  through  the  intervention  of  the  con- 
ductivity of  the  heated  air.  In  order  to  be  independent  of 
this,  a  turn-plate  Wi  was  inserted  in  the  circuit,  by  Avhich  the 
direction  of  the   current  in  the  wire  ah  could  be  altered.     If 

*  The  electric  excitation  here  occun-iug  is  taken  into  con.sideratiou  in 
this  place  onli/  so  far  as  it  is  immediately  connected  "with  the  electricity  of 
flame.  The  general  treatment  of  this  phenomenon  is  reserved  for  a  future 
communication. 
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with  one  position  of  the  turn-plate  the  -^ahie  of  the  potential 
is  +  .1*,  it  -will  be  convorted  into  —x  by  rotatinor  the  turn-plate; 
that  is,  the  direction  of  the  electrometer-deflection  must  be 
right  or  left  according  to  the  position  of  the  turn-plate  Wi- 

The  circumstance  here  discussed,  indeed,  rendered  a  small 
correction  necessary,  iissumino;  that  the  wire  c  would  behave 
like  a  platinum  electrode  introduced  into  the  hot  stratum  ot 
air  of  a  flame,  w^e  can  denote  the  value  of  the  potential  upon 
it  by  +  e.  To  this  value  +  e  the  value  of  the  potential  at  the 
point  c  will  be  added  or  subtracted  from  it,  according  to  the 
position  of  the  turn-plate  A\"i.  If  Ave  denote  by  .-'i  and  s^  ^he 
deflections  of  the  electrometer  corresponding  to  the  two  posi- 
tions of  the  turn-plate,  we  have 

e-\-x=-si,     e—x=s.2, 
consequently  ^ 

If  the  earth-conduction  is  brought,  not  to  the  point  n,  but, 
say,  to  the  point  r,  this  method  still  remains  applicable;  only 
now  .V  frequently  >e,  Avhich  for  the  moment  slightly  disturbs 
the  clearness  of  the  experiment. 

The  result  Avas  now  obtained  that  a  platinum  wire  c,  brought 
near  to  the  incandescent  wire,  received  a  powerful  positive 
charge,  consequently  behaved  like  the  base-electrode  of  the 
flame.  The  agreement  goes  so  far  that  even  the  values  of  the 
electromotive  force  lie  within  the  same  limits.  Nay,  the 
analogy  between  the  two  phenomena  is  still  closer;  for  nearly 
all  the  experiments  above  given  for  the  flame  can  be  repeated 
Avith  such  an  incandescent  wire. 

The  electromotive  force,  besides  depending  on  the  distance 
of  the  wire  c  from  the  wire  a  h,  turns  out  to  be  dependent 
on: — 1,  the  state  of  incandescence  of  the  wire  ab',  2,  the 
quality  of  the  surface  of  the  wire  c. 

The  correctness  of  these  propositions  follows  from  the  fol- 
lowing Table,  in  which  the  numbers  are,  for  clearness,  reduced 
to  equal  sensitiA'cness  of  the  electrometer.  (A  double  deflec- 
tion of  the  daniell=100.) 

Table  III. 
Series  1  {d'^e).     Conduction  to  earth  in  the  point  r  (fig.  4). 
x+e.  x—e.  e.  Position  of  the  wire  c. 

+  151-0         -10-0         1(31-0 
+  150-6  -16-1         16G-7  H  millini.  above  ah  (fig.  4). 


161-0") 
166-7  U 
163-5  j  " 


+  169-5         +   6-0 

i8-0|, 
163.;i         +   0'8         163-1/2 


+  155-0         -   3-0        158-0  ,  ,      .,,.      ,  ,      11    ,.  , 

muhnu  latiM-allv  rrom  al>. 


e—x\ 
42 

e. 

96 

83 

169 

42 

116 
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When  the  wire  c  was  brought  half  a  millimetre  below  the 
wire  a  b,  there  was  no  constant  orientation  of  the  electrometer- 
needle.     The  following  are  the  maximum  values  obtained : — 

.v+e.  x  —  c.  e. 

129  -9  138 

Series  2  {e>x).     Conduction  to  earth  in  the  point  u.     De- 
pendence on  the  state  of  incandescence  of  the  wire  a  b. 

Incandescence  of  tlie  wu-e  a  b.  e+x. 
Dull  red       ....     54 
Bright  red  .     .     .     .     86 

White 74 

The  last  series  of  experiments  show  that,  with  the  same 
position  of  the  wire  c  (^  millim.  above  a&),  the  value  of  e  is 
lower  at  a  white  heat  than  at  a  bright  red  heat — a  very  sur- 
prising circumstance,  but  confirmed  bj  many  control  expe- 
riments. 

If  the  wire  c  be  covered  with  a  coat  of  potassium  chloride, 
the  electromotive  force  sinks  considerably;  in  one  experiment 
it  fell  from  188  to  34. 

The  wire  c  was  now  replaced  by  a  water  electrode  (fig.  3) 
or  a  wet  string.  The  experiments  showed  indubitably  that 
liquids  also,  separated  from  glowing  platinum  by  a  stratum 
of  hot  air,  become  electrically  excited ;  only  this  excitation, 
exactly  as  with  the  flame,  is  much  less.  The  results  were, 
with 

c  a  platinum  electrode  .  .  85 
c  a  water  electrode  .  .  .  26 
c  a  wet  string- 26 

Accordingly,  from  the  fact  that  flames  show  themselves  di- 
stinctly electric  even  when  all  contact  icith  metcds  is  avoided,  it 
must  not  at  once  be  concluded  that  they  have  an  electricity  i^ecu- 
liar  to  them. 

Let  it  be  further  remarked  that,  both  when  the  wet  string" 
and  when  the  water  electrode  was  employed,  the  amount  of 
the  potential-difference  between  a  b  and  the  wire  in  contact 
with  the  liquid  of  the  electrodes,  when  directly  connected  by 
water,  was  determined  before  the  definitive  experiments.  The 
deflection  of  the  electrometer-needle  amounted  for  it  to  only 
a  few  divisions  of  the  scale;  so  that  no  source  of  error  could 
spring  from  this. 

The  phenomena  here  discussed,  which  had  not,  to  our  know- 
ledge, been  before  observed,  stand  evidently  in  the  closest  con- 


e—x. 

84 

169 

15 

41 

24 

50 
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nexion  witli  an  experiment  described  by  Edlund  *" — namely, 
that  when  the  incandescent  carbon  points  of  the  electric  lamp 
are  connected  by  a  multiplier  immediately  after  the  extinc- 
tion of  the  flame-arc,  a  strono;  thermoelectric  current  is  indi- 
Gated.  It  follows  also  from  the  above-connnunicated  experi- 
ments that  if  the  carbon  points  in  the  flame-arc  are  in  different 
degrees  of  ignition  (it  is  well  known  that  the  positive  is  the 
hotter;  this  condition  is  therefore  fulfilled),  an  electromotive 
counterforce  must  arise,  the  quantity  of  which  essentially 
depends  on  the  nature  of  the  conductors  between  which  the 
flame-arc  passes — a  deduction  which  has  already  been  verified 
by  Edlund. 

The  positive  electrode,  as  the  hotter,  must  behave  like  the 
incandescent  wire  in  our  experiment — that  is,  be  thermoelec- 
trically  negatively  excited, — which  indicates  the  rise  of  an 
electromotive  counterforce. 

§  12.  Dependence  of  the  Electricity  of  Flames  on  the  State  of 
Incandescence  of  the  Electrodes. 

Having  thus  shown  that  platinum  wires,  as  well  as  water 
electrodes,  in  contact  with  hot  air  are  electrically  excited,  we 
return  to  the  electricity  of  flame. 

The  method  discussed  in  the  preceding  section  permits  also 
the  determination  of  the  electromotive  force  of  the  element 
"  incandescent  platinum,  hot  air,  flame-gases,  incandescent 
platinum,"  if  the  wire  rt  6  is  introduced  into  the  stratum  of 
hot  air,  and  the  wire  c  into  the  apex  of  the  flame. 

As  long  as  the  wire  a  h  (fig.  4)  does  not  glow,  it  is  positive 
to  the  wire  c  in  the  flame ;  but  as  soon  as  it  becomes  incan- 
descent a  negative  value  is  added  to  the  positive  value  of  the 
potential;  therefore  the  potential-difterence  between  the  two 
electrodes  must  underoo  a  diminution.  This  inference  was 
completely  verified  by  experiment. 

In  the  following,  E  denotes  the  electromotive  force  of  the 
flame  when  c  is  incandescent  and  the  wire  ab  not,  and  e  the 
electromotive  force  of  the  flame  when  both  wires  are  incan- 
descent. Of  necessity  e  would  be  =£  if  the  incandescence  of 
the  wire  ab  had  no  influence;  yet  there  resulted  : — 


Series  I. 

E.  e. 

254  148 

246  147 

216  116 


Series  II. 

E.  e. 

134  47 

122  50 

114  37 


*  Fogg,  Ami.  cxxxi.  p.  586  (1850),  &cxxxiii.  p.  353  (1851). 
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consequently  always  a  considerable  diminution  of  the  electro- 
motive force. 

The  difference  of  the  numbers  in  one  and  the  same  column 
arises  from  the  circumstance  that  for  each  new  determination 
the  wire  a  h  was  brought  into  a  somewhat  different  place  at 
the  margin  of  the  flame. 

An  experiment  w^hich  likewise  proves  the  dependence  of 
the  electromotive  force  on  the  state  of  incandescence  of  the 
electrodes,  but  which  is  not  so  free  from  objection  as  the 
above,  is  the  following : — The  electrode  S  {^g.  2  a)  was  re- 
placed by  a  platinum  pan,  and  the  electromotive  force  E  deter- 
mined. "Water  was  then  introduced  into  the  red-hot  pan, 
and,  as  soon  as  it  boiled,  the  quantity  E  measured  again. 
When  the  -whole  of  it  was  evaporated  and  the  pan  again  red- 
hot,  the  first  experiment  was  repeated  for  a  control.  In  this 
the  turn-]!)late  W  (fig.  1)  was  placed  so  that  the  platinum  pan 
was  conducted-from  to  earth.  A  long  series  of  experiments 
constantly  gave  the  same  result,  namely  a  considerable  dimi- 
nution of  the  electromotive  force  with  diminution  of  the  tem- 
perature of  the  pan.     For  example, 

(1)  With  the  pan  red-hot E  =  216 

„  „  at  100° E  =  152 

„  „  red-hot  Ccontrol-experiment)     .  E=:213 

(2)  ,,  „  red-hot E  =  196 

„  „  at  100° :  .     .  E  =  118 

„  „  red-hot  (control-experiment)     .  E  =  197 

These  experimentSj  without  the  confirmation  afforded  by 
the  preceding  experiment,  did  not  appear  to  ns  definitive, 
because  an  alteration  of  E  might  possibly  be  effected  by  the 
evaporation  of  the  water  and  by  the  wetting  of  the  outside  of 
the  pan.  But  from  the  former  experiment  it  was  already 
evident  that  the  electromotive  force  is  the  greater  the  greater 
the  difference  of  temperature  between  the  electrode  in  the  flame 
and  that  in  the  air. 

§  13,   Thermoelectrical  Behaviour  of  Wires  icithin  a  Flame. 

In  contradiction  to  the  fundamental  experiments  adduced 
in  the  last  section  stands  the  fact  that,  in  spite  of  great  differ- 
ences of  temperature,  no  thermoelectric  excitation  takes  place 
when  both  electrodes  dip  equally  into  the  fl;nne.  With  the 
electrodes  arranged  as  represented  in  fig.  2  c  it  is  easy  to  place 
the  electrode  B  so  that  it  does  not  glow  while  S  is  intensely 
white-hot ;  but  in  spite  of  this  the  electrical  forces  which  arise 
are  very  slight,  as  the  follo^ving  experiment  shows: — 
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Electrode  S  (fig.  2  c)  white-hot.     Base-electrode  B 

In  the  flame  (fig.  2  c).  In  air  (fig.  2  a). 

Dark     .     .     .     E'=+4 
Red-hot     .     .     E'=+3  E=+150 

White-hot.     .     W=-Q 

The  sign  prefixed  refers  to  electrode  B. 

Also  when  the  electrodes  are  in  one  cross  section  of  the 
flame  and  at  the  same  time  dip  completely  into  it,  in  spite  of 
great  differences  of  temperature  the  electromotive  force  is  very 
small.  If  the  wires  ah  and  c  (fig.  4)  were  brought  into  the 
coolest  (lowest)  part  of  an  alcohol-flame,  E  was  ascertained  to 
be  23.  By  a  suitable  shifting  of  the  wire  c  this  could  be 
reduced  to  6,  notwithstanding  that  c  was  not  red-hot  while 
a  h  was  put  into  a  dazzling  white  incandescence  by  an  electric 
current.  The  reason  for  this  surprising  behaviour  appears  to 
be  that  the  flame-gases,  being  relatively  good  conductors  in 
comparison  with  the  hot  air,  prevent  the  electrical  difference 
from  being  completed.  This  would  also  be  confirmed  by  the 
fact  that,  in  the  experiments  with  w'ires  in  air,  the  maximum 
is  found  when  the  wire  a  h  is  bright  red-hot.  White-hot  wires, 
when  the  electrodes  are  in  the  same  positioUj  constantly  give 
lower  values  for  the  electromotive  force,  as  we  have  already 
mentioned  above — which,  we  think,  can  only  be  accounted  for 
by  the  conductivity  of  the  surrounding  air  being  so  augmented 
by  the  strong  heating  that  it  forms  as  it  were  a  secondary 
closiuo;  of  the  circuit. 


o 


§  14.   Cases  in  ivliich  the  Thermoelectric  Excitation  predomi- 
nates over  the  Electrolytic,  and  vice  versa. 

The  view  last  discussed  explains  also  very  naturally  the 
experiment  mentioned  in  §  4,  that  the  electromotive  Ibrce 
rises  from  12  up  to  190  as  soon  as  the  electrode  B  (fig.  2  a) 
is  drawn  quite  out  of  the  flame.  The  moment  this  takes  place, 
the  secondary  closing  formed  by  the  flame  is  removed,  and 
the  thermoelectric  force  corresponding  to  the  temperature- 
differences  of  the  electrodes  comes  fully  into  action. 

If  this  explanation  be  not  admitted  as  the  correct  one,  it 
may  appear  doubtful  if  ivitJi  a  flame  the  thermoelectric  exci- 
tation does  not  entirely /«/Z  away,  and  the  electrolytic  exclu- 
sively condition  the  electric  behaviour  of  the  flame.  But  if 
the  experiments  related  in  §  12  tell  against  this,  others  also 
can  be  instituted  which  it  would  be  difficult  to  explain  without 
admitting  a  thermoelectric  excitation.  They  are  the  follow- 
ing : — 

If  the  apex  of  the   flame  be  conducted-from  to  earth  by  a 

N2 
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platinum  pan,  and  a  fine  platinum  wire,  dazzlingly  white-tot, 
be  bi'ought  below  it  into  the  extreme  margin  of  the  flame, 
the  platinum  wire  shows  free  2)ositive  electricity.  According 
to  the  previous  experiments,  however,  a  white-hot  wire  ought 
to  ajDpear  ne(jo.tivehj  charged  with  respect  to  the  red-hot  pan. 
In  this  case,  therefore,  the  electrolytic  excitation  outweighs 
the  thermoelectric.  But  if  the  difference  of  temperature 
between  the  two  electrodes  be  made  still  greater  (which  can 
easily  be  done  by  cooling  the  platinum  pan  with  water),  t1ie 
polaritii  of  the  Jianie  is  reversed,  the  white-hot  platiimm  wire 
is  consequently  now  negative,  as  the  thermoelectric  theory 
requires  it  to  be. 

In  an  experiment  of  this  sort  the  follov.'ing  values  were 
obtained : — 

(1)  Pan  red-hot_    .     .     .     .  .  (-/)e=+20 
Platinum  wire  white-hot  .  (  +  )  / 

(2)  Pan  cooled  by  H2  0       .  .  C  +  )  I  ^  _  _32 
Platinum  wire  as  aboA'e  .  ( —  )  j      ~~ 

The  values  of  E  arc  considerably  lower,  because  in  this 
experiment  hotlt  electrodes  are  in  the  flame.  At  the  same  time 
the  margin  appears  negative  to  the  interior  of  the  flame — a 
behaviour  which  cannot  be  observed  under  ordinary  con- 
ditions. 

It  can,  further,  be  shown  that  an  intensely  white-hot  plati- 
num wire  in  air  is  negative  to  one  not  red-hot  in  the  flame. 
If  the  wire  a  l>  (fig.  4)  was  stretched  at  about  3  millim.  distance 
from  the  margin  of  the  flame,  and  e  introduced  into  the  foot 
of  the  flame  so  as  to  be  completely  enveloped  by  the  flame- 
gases  btit  at  the  same  time  not  to  become  red-hot,  then  like- 
wise the  polarity  of  the  flame  was  reversed  as  soon  as  a  h  was 
rendered  brilliantly  incandescent  by  the  current.  With  the 
wire  a  h  dark  the  electromotive  force  amounted  to  about  1 
daniell ;  with  it  white-hot,  to  about  O'l 7-0*2  daniell,  but  with 
the  deflection  in  the  opposite  direction  to  the  former :  there- 
fore in  this  case  the  thermoelectric  again  outweiehs  the  elec- 
trolytic  excitation. 

From  these  and  all  the  preceding  experiments  it  follows 
that  we  cannot  explain  the  electric  behaviour  of  flame  by 
assuming  either  an  exclusively  thermoelectric  or  an  exclusively 
electrolytic  excitation,  but  that  we  must  perforce  regard  both 
as  cooperating  in  producing  the  total  electrical  state  of  the 
flame. 

15.   On  the  i^roper  Electricity  of  the  Flame. 

If  we  imagine  two  platinum  wires  introduced  into  a  flame 
and  the  stratmn  of  air  which  envelopes  it,  there  arises,  accord- 
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ing  to  the  above  conception,  a  tlicrmoelcctrico-electrolytic 
element  composed  of 

Cold  platinum  |  Hot  air+Hot  aii-  |  Flame-gases  + 
Flame-gases  |  Red-hot  j^latinnm. 

If  we  fix  our  attention  upon  the  single  members  of  this  com- 
bination, it  is  proved  by  the  experiments  that  an  electric  exci- 
tation takes  place  between  cold  ])l;!tinum  with  hot  air,  on  the 
one  hand,  and  incandescent  platinum  with  flame-gases,  on  the 
other ;  while  the  question  is  still  undecided  Avhether  an  elec- 
trical difference  exists  between  the  hot  air  and  the  flame-gases 
even  without  wires  or  liquids  being  in  contact  with  those  gases. 
This  question  is  identical  with  that  whether  a  proper  electricity 
does  or  does  not  belong  to  flame. 

In  order  to  bring  this  point  also  to  a  decision,  let  us  here 
adduce  a  few  more  experiments,  xchkli  decidedhj  speak  against 
the  existence  of  a  proper  electricity  of  flame. 

On  the  hypothesis  that  to  the  stratum  of  air  A  A'  (fig.  1) 
enveloping  the  flame  a  certain  quantum  of  positive  electricity 
is  brought  by  the  process  of  combustion  or  by  mere  contact, 
at  least  a  partial  equalization  of  the  electricities  nmst  take 
place,  even  if  we  take  into  consideration  the  bad  conductivity 
of  the  two  strata  of  gas,  as  soon  as  one  or  more  well-insulated 
wires  are  passed  ^transversely  through  the  flame.  But  the 
potential- difference  existing  between  the  electrodes  S  and  B 
(fig.  1)  is  not  at  all  or  only  very  slightly  altered  thereby. 
Let  E  be  the  electromotive  force  without  the  transverse  wire, 
and  Ed  the  electromotive  force  with  it  (platinum). 

One  series  of  experiments  gave 

E   =lG9-0         164-8         168-4     mean  167-4, 
Ed  =  162-0         161-2 mean  161*6, 

consequently  a  diminution  of  about  3  per  cent. 

A  second  series,  when  two  very  carefully  cleaned  and  well- 
insulated  platinum  wires  were  passed  transversely  through  the 
flame,  gave: — 

E.  Ed.  E-Ed. 

Experiment  I.         168-5  168-0  +0-5 

II.         158-4  158-9  -0-5 

III.         182-0  182-0  0-0 

Each  of  the  above  numbers  is  the  mean  of  five  readings  : 
and  the  position  of  the  electrodes  was  somewhat  altered  from 
one  experiment  to  another;  hence  the  difference  in  the  num- 
bers in  the  same  column.     Therefore  a  partial  equalization  of 
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the  electricity  does  not  take  place  through  the  introduction  of 
the  transverse  wires. 

Further,  in  contradiction  to  the  existence  of  a  proper  electri- 
city of  flame  is  the  fact  that  when  platinum  wires  as  homoge- 
neous as  possible  are  used  as  electrodes,  and  are  also  approxi- 
mately in  the  same  state  of  incandescence,  the  electromotive 
force  of  the  flame  sinks  to  a  minimum.  The  electromotive 
force  of  the  comhiuation 

White-hot  platinum  |  Hot  air  +  Hot  air  |  Flame-gases + 
Flame-gases  1  White-hot  platinum 

was  ascertained  to  be  O'OOlo  daniell — a  value  which  lies  within 
the  limits  of  errors  of  observation,  and  consequently  may  be 
put  =  0.     In  this  determination,  of  course,  it  was  necessary 
to  employ  the  method  discussed  in  §  11. 
For  e  the  following  values  were  obtained : — 

e-\-x.  '  e—:c.  e. 


+  9-5 

-9-0 

-t-O-S"] 

-1-7 

-0-2 

-1-9 

■  Daniell  =  100 

+  7-3 

-5-5 

+  1-8 

consequently  e= 0*001 3  daniell.     According  to  this,  the  elec- 
tromotive force  of  the  member 

Hot  air  |  Flame-gases 
may  be  put  =0,  and  consequently  a  proper  electricity  of  the 
flame  be  left  out  of  consideration. 

The  most  important  circumstance  contradicting  the  existence 
of  a  proper  electricity  of  flame  may  be  that  the  reversal  of  the 
polarity  of  the  flame  is  not  connected  with  the  reversal  of  the 
combustion-process. 

A  flame  of  air  burning  in  an  atmosphere  of  illuminating- 
gas  exhibits  the  same  polarity  as  illuminating-gas  burning 
in  air. 

An  incandescent  platinum  wire  in  burning  air  was  strongly 
negative  to  the  metal  (copper)  out  of  which  the  flame  issued ; 
and  a  second  wire,  introduced  into  its  sensitive  stratum, 
received  a  strong  positive  charge,  just  like  the  base-electrode 
of  an  ordinary  flame.  The  details  of  this  experiment  were  as 
follows : — 

First  the  electromotive  force  of  an  ordinary  gas-flame 
issuing  from  a  glass  tube  provided  with  a  copper  jet,  with  the 
electrodes  in  a  determined  position  (fig.  2  a),  was  measured. 
A  current  of  air  was  then  passed  through  the  tube,  which  was 
placed  in  a  space  filled  Avith  illuminating-gas,  and  the  air- 
current  ignited  by  the  spark  of  an  induction-apparatus.  No 
source  of  error  was  given  rise  to  by  this  (as  we  convinced 
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ourselves  b}^  numerous  preliminary  experiments j,  since  the 
two  electrodes  were  metallically  connected  with  one  another 
and  with  the  earth  before  the  tlame  was  kindled.  As  the 
shape  of  the  small  bluish  flame  was  quite  different  from  that 
of  a  gas-flame  in  air,  it  was  necessary  to  shift  the  base-elec- 
trode somewhat,  in  order  to  attain  an  analogous  position  to 
that  in  the  first  experiment. 

For  the  electromotive  force  of  the 

Gas-flame  in  air,  we  found  E  =  148 
Air-flame  in  gas,        „         E  =  152 

In  both  cases  the  glowing  wire  was  negative,  the  not  o-lowino^ 
one  positive,  consequently  the  apparent  polarity  of  the  flame 
the  same. 

Lastly,  another  noteworthy  circumstance  should  be  men- 
tioned :  namely,  the  polarity  of  the  air-flame  appears  reversed 
when  the  flame-electrode  is  in  the  lowest  and,  therefore,  cool- 
est part  and  is  not  red-hot.  We  have  seen,  in  §  13,  that,  with 
an  analogous  position  of  the  electrodes  in  an  ordinary  flame, 
the  dark  wire  in  the  flame  was  always  negative  to  one  in  hot 
air.     There  we  had  the  combination 

Platinum,  Hot  gas,  Hot  air,  Platinum. 

But  with  the  air-flame  we  have 

Platinum,  Hot  air,  Hot  gas,  Platinum, 

consequently  the  same  elements  in  inverse  order,  from  -which 
the  reversal  of  the  polarity  of  the  flame  results  spontaneously. 

§  16.   Theory  and  Conclusions. 

On  the  basis  of  the  above  experiments  the  following  theory 
on  the  electricity  of  flame  can  be  set  up. 

By  the  process  of  combustion  in  itself  free  electricity  within 
the  flame  is  not  generated;  on  the  other  hand,  the  flame-gases 
and  the  air  stratum  immediately  enveloping  the  flame  possess 
the  property,  when  in  contact  with  metals  or  liquids,  of  exci- 
ting it  similarly  to  an  electrolyte.  To  this  electrolytic  exci- 
tation is  added  a  thermoelectric  excitation,  produced  by  the 
state  of  incandescence  of  the  electrodes.  The  quantity  and 
kind  of  the  electric  excitation  is  then 

(1)  Independent  of  the  size  of  the  flame; 

(2)  Dependent  on  the  nature,  and  the  quality  of  the  surface, 
of  the  electrodes  ; 

(3)  Dependent  on  the  nature  of  the  combustion-gases  ; 

(4)  Dependent  on  the  state  of  incandescence  of  the  elec- 
trodes. 
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These  conclusions  are  confirmed  by  numerous  experiments; 
and  no  experiment  has  been  found  to  contradict  them. 

The  decision  in  favour  of  this  theory  was  supplied  by  the 
fact  that  glowing-  and  cold  wires  separated  only  by  heated  air, 
with  the  exclusion  of  combustion-gases,  showed  an  electrical 
difference.  Here  also  the  latter  is  dependent  on  the  nature, 
and  the  quality  of  the  surface,  of  the  electrodes  employed,  and 
on  their  state  of  incandescence.  A  too  strong  heating  of  the 
wires,  and,  therewith,  also  of  the  separating  air  stratum,  proved 
unfavourable  to  the  development  of  free  electrical  tension — a 
circumstance  prooably  due  to  the  augmentation  of  the  con- 
duoting-power  of  that  separating  stratum.  In  accordance  with 
this,  wires  introduced  into  the  flame,  so  long  as  they  are  both 
immersed  in  the  combustion-gases  (which  are  relatively  good 
conductors),  never  give  the  maximum  of  potential-difference  ; 
rather  this  enters  only  when  one  of  the  wires  comes  into  con- 
tact with  only  the  outer  air  stratum  of  the  flame  (which  is 
endowed  with  a  very  high  resistance). 

The  occurrence  of  a  thermoelectric  counterforce  within  the 
galvanic  flame-arc  is  also  naturally  explained  by  the  above 
theory. 

The  questions  proposed  at  the  commencement  are  therefore 
to  1)0  answered  thus  : — Hankel's  theory  is  not  in  accordance 
with  experiment;  and  the  two  kinds  of  excitation  assumed 
by  BuflF  and  Matteucci  must  be  regarded  as  simnJtaneo\isly 
causing  the  apparent  electricity  of  flame. 

Wolfenbuttel,  Februaiy  1882. 


XX.   On  the  Equilibrium  of  Liquid  Conducting  Masses  charged 
loith  Electricity.     By  Lord  Rayleigh,  F.R.S* 

IN  consequence  of  electrical  repulsion,  a  charged  spherical 
mass  of  liquid,  unacted  upon  b}^  other  forces,  is  in  a  con- 
dition of  unstable  equilibrium.  If  a^  be  the  radius  of  the 
sphere,  Q  the  charge  of  electricity,  the  original  potential  is 
given  by 

v=  Q. 

If,  however,  the  mass  be  slightly  deformed,  so  that  the  polar 
equation  of  its  surface,  expressed  by  Laplace's  series,  becomes 

7-=a(l  +  ri  +  F2+...+F" +...), 
*  Communicated  by  the  Author, 
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then 

and  the  potential  energy  of  the  system  reckoned   from  the 
equilibrium  position  is 

In  actual  liquids  this  instability,  indicated  by  the  negative 
value  of  P',  is  opposed  by  stability  due  to  the  capillary  force. 
If  T  be  the  cohesive  tension,  the  potential  energy  of  cohesion 
is  given  by 

If  F„  a  cos  {pt  +  e),  we  have  for  the  motion  under  the 
operation  of  both  set  of  forces, 

pc'l       I  47r  al  J 

IfT>     .     3,  the  spherical  form  is  stable  for  all  displace- 

ments.  When  Q  is  great,  the  spherical  form  is  unstable  for 
all  values  of  n  below  a  certain  limit,  the  maximum  instability 
corresponding  to  a  great,  but  still  finite,  value  of  7*.  Under 
these  circumstances  the  liquid  is  thrown  out  in  fine  jets,  Avhose 
fineness,  however,  has  a  limit. 

The  case  of  a  cylinder,  subject  to  displacement  in  two  dimen- 
sions only,  may  be  treated  in  like  manner. 

The  equation  of  the  contour  being  in  Fourier's  series 

r  =  a(l  +  Fi+...+F„  +  ..), 
we  find  as  the   expression  for  the  potential  energy-  of  unit 

Q  being  the  quantity  of  electricity  resident  on  length  /. 
The  potential  energy  due  to  capillarity  is 


length 


and  for  the  vibration  of  type  n  under  the  operation  of  both 
*  See  Proc.  Rov.  Soc.  jMav  lo,  1879. 
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sets  of  forces, 

,.=  'i!z^{(„,X)T-?Q^}. 

The  influence  of  electrical  charge  in  diminishino-  the  sta- 
bility  of  a  cylinder  for  transverse  disturbances  may  be  readily 
illustrated  by  causing  a  jet  of  water  from  an  elliptical  aper- 
ture to  pass  along  the  axis  of  an  insulated  inductor-tube, 
which  is  placed  in  connexion  with  an  electrical  machine.  The 
jet  is  marked  with  a  recurrent  pattern,  fixed  in  space,  whose 
wave-length  represents  the  distance  travelled  by  the  water  in 
the  time  of  one  vibration  of  type  n  =  2.  When  the  machine 
is  worked,  the  pattern  is  thrust  outwards  along  the  jet,  indi- 
cating a  prolongation  of  the  time  of  transverse  vibration. 
The  inductor  should  be  placed  no  further  from  the  nozzle  than 
is  necessary  to  prevent  the  passage  of  sparks,  and  must  be 
short  enough  to  allow  the  issue  of  the  jet  before  its  resolution 
into  drops. 

The  ^alue  of  T  being  known  (81  C.G.S.),  we  may  calcu- 
late ^^hat  electrification  is  necessary  to  render  a  small  rain- 
drop of,  say,  1  millimetre  diameter  unstable.  The  potential,- 
expressed  in  electrostatic  measure,  is  given  by 

V=^^=v'(167r«oT)  =  20. 

The  electromotive  force  of  a  Daniell  cell  is  about  '004;  so 
that  an  electrification  of  about  5000  cells  would  cause  the 
division  of  the  drop  in  question. 


XXI.    On  an  Instrument  capable  of  Measuring  the  Intensity  of 
Aerial  Vibrations.     By  Lord  Rayleigh,  F.R.S.* 

THIS  instrument  arose  out  of  an  experiment  described 
in  the  '  Proceedings  of  the  Cambridge  Philosophical 
Society '  f,  Xov.  1880,  from  which  it  appeared  that  a  light 
disk,  capable  of  rotation  about  a  vertical  diameter,  tends  with 
some  decision  to  set  itself  at  right  angles  to  the  direction  of 
alternating  aerial  currents.  In  fig.  1,  A  is  a  brass  tube  closed 
at  one  end  with  a  glass  plate  B,  behind  which  is  a  slit  C 
backed  by  a  lamp.  D  is  a  light  mirror  with  attached  mag- 
nets, such  as  are  used  for  reflecting-galvanometers,  and  is  sus- 
pended by  a  silk  fibre.     The  light  from  the  slit  is  incident 


*  Communicated  by  the  Author. 

t  See  also  Proc,  Eoy.  Soc.  May  o,  1881,  p.  110. 
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upon  the   mirror  at  an  angle   of  45°,  and,  after   reflection, 
escapes  from  tlie  tube  througli  a  glass  ^Yindow  at  E.     It  then 


B                                                       A                                                        _ 

1 

\ 

D 

l-I 

\ 

E                                                  ~ 

• 

falls  upon  a  lens  F,  and  throws  an  image  of  the  slit  upon  a 
scale  Gr.  At  a  distance  DH,  equal  to  DC,  the  tube  is  closed 
by  a  diaphragm  of  tissue  paper,  beyond  which  it  is  acousti- 
cally prolonged  by  a  sliding  tube  I. 

When  the  instrument  is  exposed  to  sounds  whose  half  wave- 
length is  equal  to  0  H,  H  becomes  a  node  of  the  stationary 
vibrations,  and  the  paper  diaphragm  offers  but  little  impedi- 
ment. Its  office  is  to  screen  the  suspended  parts  from  acci- 
dental currents  of  air.  At  D  there  is  a  loop  ;  and  the  mirror 
tends  to  set  itself  at  right  angles  to  the  tube  under  the  influ- 
ence of  the  vibratory  motion.  This  tendency  is  opposed  by 
the  magnetic  forces;  but  the  image  upon  the  scale  shifts  its 
position  through  a  distance  proportional  to  the  intensity  of 
the  action. 

As  in  galvanometers,  increased  sensitiveness  mav  be  ob- 
tained  by  compensating  the  earth's  magnetic  force  with  an 
external  magnet.  Inasmuch,  however,  as  the  effect  to  be 
measured  is  not  magnetic,  it  is  better  to  obtain  a  small  force  of 
restitution  by  diminishing  the  moment  of  the  suspended 
magnet,  rather  than  by  diminisliing  the  intensity  of  the  field 
in  which  it  works.  In  this  way  the  zero  will  be  less  liable  to 
be  affected  by  accidental  magnetic  disturbances. 

So  far  as  I  have  tested  it  hitherto,  the  performance  of  the 
instrument  is  satisfactory.  What  strikes  one  most  in  its  use 
is  the  enormous  disproportion  that  it  reveals  between  sounds 
which,  when  heard  consecutively,  appear  to  be  of  the  same 
order  of  magnitude. 

Jime,  1882. 


[  1'^^  ] 

XXII.  Oil  the  Detenni/iation  of  Cliemiccd  Afjiaity  in  terms  of 
Electromotive  Force. — Part  YI.  By  C.  R.  Alder  Wright, 
V.Sc.  (Lond.),  F.B.S,,  Lecturer  on  Chemistry  and  Physics 
in  St.  Mary's  Ilosjntal  Mediccd  School*. 

On  the  Relations  between  the  Electromotive  Forces  of  various 
hinds  of  Cells  ancdogous  to  DanielVs  Cell  Imt  differing  there- 
from in  the  nature  of  the  Jfetals  used,  and  the  Chemiccd  Affi- 
nities involved  in  the  Action  of  these  Cells. 

I.   Cells  containing  Cadmium  as  one  of  the  Metcds,  the  Salts  used 

being  Sulphates. 

118.  ri^HE  experiments  described  in  Part  Y.  (§§  106-109) 
-L  were  repeated,  using,  instead  of  normal  Daniell 
cells,  analogons  arrangements  containing  plates  of  cadmium, 
opposed  in  some  instances  to  copper,  in  others  to  zinc,  solu- 
tions of  the  respective  sulphates  being  employed  to  surround 
the  various  plates  used.  With  each  of  these  two  classes  of 
cells  (cadmium-copper  and  zinc-cadmium  cells)  the  same 
result  was  obtained  as  that  alreadv  recorded  in  the  case  of 
Daniell  cells  containing  zinc-  and  copper-sulphate  solutions — 
viz.  that  so  long  as  the  two  solutions  are  of  the  same  strengthf 
the  actual  state  of  concentration  of  the  fluids  does  not 
exert  any  appreciable  influence  on  the  E.M.F.  generated  with 
given  plate-surfaces  ;  at  least  the  influence  exerted  is  consi- 
derably less  than  the  errors  of  observation  and  the  variations 
due  to  unavoidable  variations  in  the  nature  of  the  plate-sur- 
faces, and  does  not  amount  to  as  much  as    +  "0015  volt  even 

*  Communicated,  by  the  Physical  Societ}-,  having  been  read  at  the 
Meeting  on  June  2-i,  1882. 

t  It  is  convenient  to  define  solutions  ''of  the  same  strength''  not  as 
solutior.s  of  the  kind  usually  spoken  of  by  chemists  as  "  equivalent ''  to 
one  anothei-,  i.  e.  containing  in  a  given  volume  quantities  of  dissolved 
matter  in  the  ratio  of  the  chemical  equivalents  of  the  substances  dissolved 
(e.  (J.  loO'o,  101,  and  208  parts  of  anlij'drous  copper,  zinc,  and  cadmium 
sulphate  respectively),  but  as  solutions  in  ^\  hich  the  dissolved  matter  and 
the  tcater  present  arc  in  the  same  molecular  7'atio,  i.  e.  which  are  expressible 
by  parallel  formulfe,  such  as  CuSO,  oOH,  O,  ZuSO.oOH^O,  and 
CdSU^  50  H.,  O.  With  weak  solutions  the  two  definitions  are  practically 
the  same — but  not  so  with  more  concentrated  fiuids,  especially  when  the 
molecular  weights  of  the  dissolved  matters  are  considerably  dilierent  (like 
CuSOj  and  CdS04).  Solutions  of  zinc  and  copper  sulphate  of  the  same 
molecular  strength  are  practically  identical  in  specific  gravity  ;  but  a  solu- 
tion of  cadmium  sulphate  is  considerably  more  den.se  than  one  of  either 
zinc  or  copper  sulphate  of  the  same  molecular  strengtli.  Thus  solutions 
of  the  strengths  ZuSO,  5011,0,  CuSOj  50H,,O,  CdSO.SOH.O  have  at 
18^  specific  gravities  respectively  close  to  1'170, 1'167,  and  1"208;  with 
stronger  solutions  the  excess  of  density  of  the  cadmium  solution  is  still 
more  apparent. 
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when  tolerably  concentrated  solutions  of  strength  MSOi 
5OH2O  are  compared  Avitli  similar  solutions  of  only  one 
twenty-fifth  the  strength,  MSO4  1250  Hg  0. 

On  varying  the  nature  of  the  surface  of  the  cadmium  plate 
(by  employing  bright  cast  metal,  electro-deposited  cadmium, 
or  amalgamated  cadmium),  it  was  found  that  whatever  result 
was  produced  in  the  cadmium-copper  cells  by  a  given  altera- 
tion of  the  cadmium  plate,  every  thing  else  remaining  unal- 
tered, preciselij  the  same  numerical  result,  hut  with  the  opposite 
sign,  tvas  produced  in  the  zinc-cadmium  cells  by  that  alteration. 
Thus,  substituting  electro-cadmium  for  bright  cadmium  plates 
in  the  cadmium-copper  cells  caused  an  increase  in  the  E.M.F. 
varying  from  •002  to  '006  volt  in  ninnerous  experiments,  and 
averaging  '004  volt ;  whilst  with  the  zinc-cadmium  cells  the 
same  substitution  caused  a  decrease  in  the  E.M.F.  varying  be- 
tween almost  the  same  limits,  '002  and  '007  volt,  and  averaging 
almost  the  same  value  as  l)efore,  viz.  '0045  volt.  Similarly, 
on  substituting  amalgamated  cadmium  plates  for  bright  cad- 
mium in  the  cadmium-copper  cells,  the  average  effect  was  a 
decrease  of  '0415  volt  when  the  mercurial  amalgam  was  fluid, 
and  of  '015  volt  when  it  had  become  solid  and  crj^stalline  on 
standing  ;  whilst  with  the  zinc-cadmium  cells,  substitution  for 
brioht  cadmium  of  amaloamated  metal  caused  on  an  average 
an  increase  in  E.M.F.  of  '043  ^'olt  when  the  amalgam  was 
fluid,  and  of  '016  volt  when  it  had  become  solid  and  crys- 
talline. 

Cells  containing  Cadmium  opposed  to  Copper. 

119.  On  comparing  together  a  number  of  similar  pairs  of 
cells  containing  in  the  one  case  electro-copper  and  in  the  other 
amalgamated  copper,  it  was  found  that  the  average  difference 
was  sensibly  the  same  as  that  observed  when  the  same  two 
kinds  of  copper  plates  were  opposed  to  zinc  (§  107),  viz.  that, 
cceferis  paribus,  the  cell  containing  amalgamated  copper  read 
on  an  average  '001  volt  lower  than  the  one  containing  freshly 
deposited  electro-copper :  the  actually  observed  difference's 
ranged  from  +'003  to  — '003  volt,  but  were  more  usually 
negati^-e. 

As  just  stated,  when  the  cadmium  plate  was  amalgamated  a 
decrease  in  E.M.F.  was  brought  about,  averaging  -0415  volt 
when  the  amalgam  on  the  surface  of  the  plate  was  fresh  and 
perfectly  fluid,  and  '015  when  perfectly  solid  and  crystalline. 
Intermediate  numbers  were  g-iven  by  plates  on  the  surface  of 
which  crystallization  of  the  amalgam  had  begun  but  was  not 
complete,  the  gradation  being  regular  ;is  the  crystallization 
j)rogressed. 
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The  folloAving  table  gives  the  average  result,  in  volts*,  of 
upwards  of  forty  series  of  observations  and  comparisons,  mostly 
extendincT  over  three  to  four  hours,  durino-  which  time  the 
readings  of  each  particular  cell  remained  sensibly  constant: — 

Variation  in  E.M.F.  due  to  the  use  of  cadmium 
and  copper  sulphate  solutions  of  different 
strengths,    both    solutions   being    of    equal  .    Less  than 

given    case 


molecular    strengths     in    any 

(strengths  varving  from  MSO4  47  Ho  0,  to 

MSO4  1250  Hob)! 


•0015. 


Effect  of  substitutiug  for  electro-copper :  — 
Amalgamated,   copper    (sm-face    wet  with  1 
liquid  mercury) J 

Effect  of  substituting  for  bright  cadmium : — 
Fresh  electro-cadmium 


Maxi-    Mini- 
mum,  mum. 


4- -003 


-•003 


+  •006  -f- 002 
Amalgamated  cadmium  (surface  wet  with "1  !     .f\-r\\     .noo 

liquid  mercury   J  '  I " 

Amalgamated  cadmium  (solid   and   crvs- 1  '      ^^^       ^-w^. 

talline)    '....]  r'^'"]^'^ 


Electromotive  force  of  combinations  : — 
Electro-copper — Electro-cadmium  . . 
Bright  cadmium 


Amalgamated  cadmium  1 
(liquid  amalgam) / 

Amalgamated  cadmium  1 
(solid  amalgam)  J 


•756 
•753, 

•7171 
•740' 


•750 
•745 

•701 
•727 


Amalgamated  copper- 


-Electro-cadmium   

Bright  cadmium     

Amalgamated  cadmium  1 

(liquid  amalgam)    ...J 

Amalgamated  cadmium  1 

(sohd  amalgam) J 


•754 
•752 

•715 
•737 


Eange. 


Ave-    ' 
age-    i 


•006  -•001 

•004  4- -004 

•017  --0415 

•015  i-^Olo 


•006 
•008 

•016 
•013 


•7525 

•7485 

•707 
7335 


•749    •00.-) 
•744    •OOS 


•701 


•727 


•014 
•010 


•7515 
•7475 

•706 
•7325 


AVhen  cells  containing  bright  or  electro-cadmium  and  elec- 
tro-copper plates  were  allowed  to  stand  for  twelve  hours  or 

*  All  the  observations  given  in  this  paper  are  reduced  to  tlie  same 
standard  as  that  employed^'in  Part  V. — viz.  the  average  reading  at  15°'o 
of  a  numlDer  of  Clark's  cells  taken  as  1^457  volt,  the  particular  Clark's 
cells  used  being  the  same  throughout. 

t  The  specitic  gravities  at  about  1&°  of  these  Huids  are  close  to  the 
following : — 

MSO4  47H2O  when  M  is  cadmium  :'  spec.  grav.  =  1^217. 

do.      '      when  M  is  copper :  spec.  grav.       =  1"175;  solution 

nearlv  saturated. 
MSO,  1250H,O  :  iu  each  case  below  1-01. 
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longer  periods,  a  slight  alteration  in  the  E.M.F.,  due  to  for- 
mation of  films  of  oxide  on  the  surfaces  of  the  plates,  was 
usually  noticeable.  As  with  the  normal  Daniells  (§  108),  the 
effect  of  the  oxidation  of  the  copper  plate  was  to  reduce  the 
E.M.F.  \)j  a  few  thousandths  of  a  volt;  on  the  other  hand,  the 
formation  of  a  film  of  oxide  on  the  surface  of  the  cadmium 
plate  produced  an  increase  in  the  E.M.F.  of  from  "OOl  to  "OOl- 
volt ;  so  that  in  many  cases  the  cell  with  partially  oxidized 
plates  gave  sensibly  the  same  value  as  a  newly  set-up  cell,  the 
diminishing  effect  of  the  oxidation  of  the  copper  being  just 
about  counterbalanced  by  the  increasing  effect  due  to  the  oxi- 
dation of  the  cadmium.  In  this  respect  cadmium  behaves  in 
the  opposite  way  to  zinc  (§  108). 

Relaltons  between  the  E.M.F.  of  Cadmium- CopjHr  Cells  and 
that  corresponding  to  the  net  Chemical  Action  taking  2:)lace 
therein. 

120.  According  to  Juhus  Thomsen's  determinations  (Journ. 
prak.  Chem.  ii.  p.  233,  and  xi.  p.  271),  the  heat  of  displace- 
ment of  copper  from  copper-sulphate  solution (CuSO4,400H2O) 
by  cadmium  is  as  follows,  in  gramme-degrees  per  gramme- 
molecule  : — 

CdjOjSOsaq.     .     .     .     89,500 
Cu,0,  SOsaq.     .     .     .     55,960 

Difference  =   33,540 

the  difference  corresponding  to  16,770  gramme-degrees  per 
gramme  equivalent,  or  '740  volt*.  As  with  normal  Daniell 
cells  (§  114),  a  small  quantity  {x)  is  to  be  added  to  this,  repre- 
senting a  variable  correction  dependent  on  the  physical  con- 
dition of  the  deposited  copper.  Evidently  the  average  values 
above  cited  (-7475  to  "7525),  obtained  with  bright  and  electro- 
cadmium,  are  sensibly  the  same  as  the  value  •740-f-.f,  thus 
deduced  as  representing  the  net  chemical  action  taking  place 
in  the  cell;  i.  e.,  as  with  zinc-copper  cells,  the  whole  of  the 
energy  developed  in  the  cell  is  adjuvant  under  the  conditions 
obtaining  in  the  above  experiments. 

In  order  to  compare  the  results  obtained  with  the  amalga- 
mated-cadmium cells  with  Julius  Thomsen^s  figures,  the  heat 
of  solution  of  cadmium  (precipitated  from  the  sulphate  by 
zinc,  crystalline)  in  twenty-five  times  its  weiglit  of  mercury 
was  determined  by  means  of  the  calorimeter,  20  grams  of 

*  The  \aliie  4410,  used  in  tbe  former  parts  of  these  researches  for  the 
factor  for  converting  gTamme-degrees  into  C.G.S.  units,  is  employed 
throughout  the  present  paper  ;  vide  §  103,  footnote. 
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cadmium  and  500  of  pure  mercury  being  employed  for  each 
experiment.  To  insure  sohition  it  was  found  necessary  to  wash 
the  cadmium  with  dikite  sulphuric  acid  just  befoi'e  use  ;  other- 
wise portions  remained  un wetted  and  undissolved  by  the  mer- 
cury. The  final  result  arrived  at  as  the  average  of  several 
concordant  observations  was,  that  an  evolution  of  heat  to  the 
extent  of  610  gramme-degrees  per  gramme-molecule  (112 
grammes)  of  cadmium  took  place  during  solution.  Hence, 
were  cadmium  sulphate  formed  from  mercurial  solution  of 
metal  instead  of  crystalline  precipitated  metal,  the  heat  of  for- 
mation expressed  as  Cd,  0,  SOsaq.  would  be  89,500  —  610  = 
88,890  (admitting  that  Thomsen's  value  89,500  applies,  with- 
out correction,  to  the  metal  in  the  crystalline  condition  of  that 
experimented  with).  Consequently  the  heat  of  displacement  of 
copper  by  cadmium  from  the  sulphate  is  32,930  per  gramme- 
molecule,  or  16,465  per  gramme-equivalent,  corresponding  to 
"726  volt.  The  observed  values  varied  between  '701  and  "717, 
averaging  '707  with  electro-copper  and  "706  with  amalgamated 
copper — again  not  differing  from  the  value  deduced  from  the 
thermal  data  by  an  amount  materially  outside  the  limits  of 
experimental  errors,  especially  those  due  to  variation  in  the 
heat  of  formation  of  salts  according  as  the  physical  state  of 
the  metal  employed  varies. 

It  is,  however,  to  be  noticed  that  the  above  heat  of  solution  of 
crystalline  cadmium  in  mercury  only  corresponds  to  an  E.M.F. 
of  '0105  volt ;  whilst  the  average  difference  in  E.M.F.  caused 
by  the  substitution  of  fluid  amalgamated  cadmium  for  crystal- 
line electro-metal  was  '7525  — '707  = '0455  volt,  a  considerably 
greater  amount ;  so  that  amalgamating  the  crystalline  metal 
appears  to  produce  a  greater  effect  on  the  E.M.F.  than  corre- 
sponds to  the  heat  of  solution.  Just  the  same  result  is  pro- 
duced when  cadmium  and  zinc  are  opposed  (§  121);  on  the 
other  hand,  the  effect  on  the  E.M.F.  of  amalgamating  silver 
is  sensibly  the  same  as  that  corresponding  to  the  heat  of  solu- 
tion of  silver  in  mercury  (§  129).  Probably  the  difference 
in  the  cases  of  silver  and  cadmium  is  due  to  the  oxidizability 
of  the  latter  by  dissolved  air,  thus  rendering  the  outer  surface 
of  the  crystalline  masses  somewhat  different  from  the  interior. 

Cells  containing  Cadmium  opjjosed  to  Zinc. 

121.  The  following  table  exhibits  in  brief  the  results  of 
upwards  of  thirty  series  of  observations,  mostly  lasting  over 
several  hours,  during  which  period  the  E.M.F.  developed  l)y 
any  given  cell  remained  sensibly  steady  : — 
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Variation  in  E.M.F.  due  to  the  use  of  cad- 
mium and  zinc  sulphate  solutions  of  different 
strengths,  both  solutions  being  of  equal  mole- 
cular strengths  in  any  given  case  (strengths 
varying  from  MSO45OH2O  to  MSO4 
1250  H2O) 


Less  than 
±•0015 
volt. 


Maxi- 
mum. 

Mini- 
mum. 

Range. 

Ave- 
rage. 

Effect  of  substituting  for  bright  cadmium : — 
Fresh  electro-metal    

-•002 
+  052 
+  024 

•367 
•362 

•414 

•388 

-•007 
+•036 
+•009 

•361 

•358 

•401 
•373 

•005 
•016 
•015 

•006 
•004 

•013 
•015 

-•0045 
+  •044 
+  •0165 

•364 
•360 

•4075 
•3805 

Amalgamated  cadmium  (liquid)  

„              „              (soUd,  crystalline) 

Electromotive  force  of  combinations : — 

Amalgamated  zinc — Bright  cadmium 

,,             „             Electro-cadmiuTn    ... 

„             „             Amalgamated  cad-  "1 

mium  (liquid)...  J 

„             „             Amalgamated  cad- 1 

mium  (solid)  ...  J 

These  figures  accord  closely  with  the  results  deducible  from 
Julius  Thomsen's  thermochemical  data,  together  with  the 
heat  of  solution  of  cadmium  in  mercury  above  quoted  (§  120); 
thus : — 

Cadmium  dissolved 
in  merciu'y, 

106090 

88890 


Free  metallic  cadmium . 
Zn,0,S03aq.    .     .     .      =106090 


Cd,  0,  SO3  aq.    .     .     .       = 

Difference     .     . 

Difference  per  gramme-  \ 
equivalent   ...       J 
Corresponding  with  volt 


89500 
16590 

8295 
•365 


17200 

8600 
•379 


The  observed  electromotive  forces*  thus  do  not  differ  from 

*  Regnault  has  shown  {Attn,  de  Chim.  et  cle  Phys.  [3]  xliv.  p.  453) 
that  the  E.M.F.  of  a  cell  containing  "  concentrated  "  solutions  of  zinc  and 
cadmium  sulphates  and  plates  of  these  metals  was  55,  when  that  of  a 
similar  cell  with  zinc  and  copper  sulphates  and  plates  was  175  (a  particular 
thermopile  being  employed  as  unit).  Taking  the  E.M.F.  of  the  latter 
cell  as  l^llS  volt,  that  of  the  former  must  have  been  -350  volt — a  value 
diifering  from  those  observed  by  an  amount  not  outside  that  possibly  due 
to  inequality  in  the  molecular  strengths  of  the  two  metallic  solutions. 
For,  by  the  use  of  more  dilute  cadmium-sulphate  solutions  (the  zinc- 
sulphate  solution  remaining  the  same)  an  appreciable  fall  in  E.M.F.  was 
found  to  be  produced,  the  lowest  value  being  42  =  •268  volt  with  solution 
diluted  to  y^g- ;  on  the  other  hand,  decreasing  the  strength  of  the  zinc- 
sulphate  solution  produced  far  less  effect.  These  and  the  author's  some- 
what different  results  on  this  point  wiU  be  discussed  in  a  future  paper. 
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those  corresponding  with  the  thermal  values  by  amounts  ma- 
terially outside  the  experimental  errors.  As  with  the  copper- 
cadmium  cells,  however,  the  observed  difference  in  E.M.F. 
between  electro-cadmium  (crystalline)  and  amalgamated  cad- 
mium (liquid)  is  notably  greater  than  that  corresponding  with 
the  heat  of  solution  of  precipitated  crystalline  cadmium  in 
mercury,  being  '407  — "3595  =  "0475  as  compared  with  "OISS 
volt. 

Voltci's  Law  of  Summation  of  Electromotive  Forces. 

122.  The  foregoing  experiments  clearly  show  that,  as  far  as 
cells  containing  zinc,  cadmium,  and  copper  plates  are  concerned, 
Volta's  law  of  summation  holds,  at  any  rate  when  the  plates 
are  immersed  in  solutions  of  their  respective  sulphates,  the 
solutions  being  of  equal  molecular  strength  ;  that  is,  the  sum 
of  the  electromotive  forces  generated  with  a  given  pair  of  zinc 
and  cadmium  plates,  and  with  that  same  cadmium  plate  and  a 
given  copper  plate,  is  equal  to  the  E.M.F.  generated  with  the 
given  zinc  and  copper  plates;  or,  otherwise, 

/Zn    ^     rcd    _     rzn 

tCd     "^      \Cn     -      \Cn 

where  the  symbol  -|  w\  represents  the  E.M.F.  generated  -snth 

a  given  kind  of  zinc  plate  opposed  to  a  given  kind  of  cadmium 
plate,  each  plate  being  immersed  in  a  solution  of  its  sulphate 
of  constant  molecular  strength. 

Thus  the  average  results  for  Dauiell  cells  quoted  in  PartV. 
and  the  above  figures  give  the  following  comparisons: — 


Nature  of  Plate-surfaces. 

Electromotive  Force 
developed. 

Normal 
Daniell. 

Zinc. 

Cadmium. 

Copper. 

Zinc- 
Cadmium. 

Cadminm- 
copper. 

Sum. 

Amalgamated. 
>» 

Electro. 
Bright. 
Amalgamated 

(fluid). 

Amalgamated 

(solid). 

Electro. 
II 
11 

II 

■3595 

•364 

•407 

•380 

•7525 
•7485 
•707 

•7335 

Mean  ... 

M12 

M125 

M14 

M135 

Amalga- 
mated zinc 
and  electro- 
copperllll 
to  Ml 6, 
averaging 
M14. 

M130 

Amalgamated. 
11 

Electro. 

Bright. 
Amalgamated 

(fluid). 
Amalgamated 

(solid). 

Amalgamated. 
If 
II 

•3595 

•364 

•407 

•380 

•7515 
•7475 
■706 

•7325 

Mil 

1111.3 

1113 

11125 

Amalga- 
mated zinc 
and  amalga- 
mated cop- 
per 1110 
to  M15, 
averaging 
1113. 

Mean  ... 

11 120 
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A  number  of  direct  experiments  Avere  also  made  on  this 
point,  using  twin  cells  constructed  as  follows : — Three  beakers 
were  arranged  containing  solutions  of  copper,  cadmium,  and 
zinc  sulphates  of  the  same  molecular  strengths,  and  plates 
of  electro-copper,  bright  (or  electro-)  cadmium,  and  amalga- 
mated zinc  respectively.  The  copper  and  cadmium  beakers 
were  connected  by  a  siphon  tube  (with  ends  covered  with 
bladder)  filled  with  the  cadmium  sulphate  solution  ;  and  the 
cadmium  and  zinc  beakers  were  similarly  connected  by  a 
siphon  tube  containing  the  zinc  sulphate  solution.  The  cop- 
per, cadmium,  and  zinc  plates  were  then  connected  with  cups 
Nos.  1,  2,  and  3  respectively  of  a  switch-board  like  that  repre- 
sented in  fig.  3,  Part  V.  (§  106);  so  that  by  connecting  cups 
1  and  2  with  the  electrometer  the  E.M.F.  of  the  cadmium- 
copper  cell  was  determined,  whilst  when  cups  2  and  3  were 
connected  the  E.M.F.  of  the  cadmium-zinc  combination  was 
determined.  These  readings  having  been  made  several  times, 
the  zinc  and  copper  plates  were  transferred  to  another  pair  of 
beakers,  containing  the  same  zinc  and  copper  sulphate  solu- 
tions united  by  a  zinc-sulphate  siphon,  so  as  to  constitute  a 
normal  Daniell  cell  after  Raoult^s  pattern,  and  the  E.M.F.  of 
this  combination  determined.  Several  pairs  of  zinc  and  cop- 
per plates  were  thus  used — each  pair  being  read  first  in  the 
zinc-cadmium-copper  combination,  then  in  the  normal  Daniell 
cell,  and  then  again  in  the  ternary  combination.  In  each  case 
the  difference  between  the  sum  of  the  average  electromotive 
forces  of  the  zinc-cadmium  and  cadmium-copper  couples  dif- 
fered from  that  of  the  zinc-copper  combination  by  quantities 
no  greater  than  the  errors  of  observation  of  the  electrometer- 
scale  (about  +0'1  per  cent,  when  a  sufficient  number  of  read- 
ings were  taken)  ;  Avhilst  the  average  of  the  small  differences 
observed  with  different  pairs  was  actually  0,  the  small  +  and 
—  differences  due  to  errors  of  observation  completely  balancing 
one  another.  This  final  result  (that  no  discernible  difference 
was  to  be  found  between  the  sum  of  zinc-cadmium  and 
cadmium-copper  couples,  and  zinc-copper  couples  containing 
the  same  plates)  was  obtained  in  each  of  several  sets  of  expe- 
riments made  respectively  with  solutions  of  molecular  strength 
MSO447H2  0,  MSO4  100  H2  0,  and  MSO4 1250  H3  0. 

Rate  of  Fall  in  E.M.F.  through  so-called  Polarization  occurring 
in  Zinc- Cadmium  and  Cadmium-Copper  Cells  for  definite 
amounts  of  Increase  in  the  Rates  of  Current-flow. 

123.  The  experiments  made  with  normal  Daniell  cells 
described  in  Part  V.  (§§  103-105)  were  repeated  with  zinc- 
cadmium  and  with  cadmium-copper  plates  (exposing  surfaces 

02 
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of  2*5  and  5*0  square  centimetres).  The  results  were  similar 
in  character  to  those  obtained  with  the  Daniell  cells,  no 
appreciable  falling-off  in  E.M.F.  occurring  with  a  current- 
density  of  less  than  some  5  to  10  microamperes  per  square 
centimetre  of  plate-surface,  but  very  considerable  amounts 
being  observed  with  stronger  currents. 

Thus  the  following  table  exhibits  the  values  obtained  in  four 
experiments — the  first  three  with  zinc-cadmium  plates,  the 
fourth  wdth  cadmium-copper  plates,  solutions  of  sulphates  of 
the  respective  metals  employed  being  used  throughout: — 


Zinc  plates    

Amalgamated. 
Electro 

Amalgamated. 

Amalgamated. 

Fluid  amalgam. 

Amalg 

amaterl. 

Carlmium  plates   ... 
Copper  plates   

Amalgamated. 
Solid  amalgam. 

Bright. 
Electro. 

Sp.  gr.  of  zinc  sul-  "1 
phate  solution...  J 

Sp.  gr.  of  cadmium  1 
sulphate  solution  J 

Sp.  gr.    of  copper  1 
sulphate  solution  J 

1-17 
1-25 

M7 
1-32 

117 
1-32 

1-32 

1-17 

Eesistance  of  cell,  \ 
in  ohms    J 

MaximumE.M.F.,  "1 
in  volts     J 

9-5 
•366 

10-5 
•418 

11-0 
•395 

7.4 
•741 

Current-density,  in 
microamperes  per 
square  centimetre. 

Observed  amounts  of  Fall  in  E.M.F. 

10 

20 

40 

100 

200 

400 

1000 

2000 

4000 

0 

0 
•001 
•002 
•004 
•012 
•026 
•049 
•088 

0 
•001 
•002 
•004 
•007 
•013 
•030 
•059 
•099 

0 
001 

003 
007 
Oil 
017 
030 
055 
094 

001 
004 
008 
014 
020 
030 
049 
077 
128 

The  values  are  represented  graphically  by  the  curves  marked 
I.,  II.,  III.,  and  IV.  respectively  in  the  annexed  figure. 

A  number  of  experiments  were  made  with  cells  containing 
solutions  not  of  equal  molecular  strengths  (like  those  described 
in  §  110),  for  the  purpose  of  finding  how  much  of  the  dimi- 
nutions observed  with  the  larger  current-densities  might  pos- 
sibly be  due  to  the  strengthening  of  the  solution  round  the 
dissolved  plate,  and  the  weakening  of  the  liquid  round  the 
other  plate,  which  takes  place  whilst  the  cell  is  in  action. 
The  general  result  was  that  the  maximum  possible  diminution 
due  to  these  causes  could  not  exceed  about  '04  volt.     The 
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details  of  these  experiments  and  of  others  allied  thereto  will 
be  discussed  in  a  future  paper. 


lUOU  20UU  itiW 

Microamperes  per  square  centimetre. 

Effect  of  varying  the  Size  of  one  of  the  Plates,  the  other 
remaining  constant. 

124.  The  experiments  described  in  Part  V.  (§  115)  were 
repeated  with  various  cells  containing  copper-cadmium  or 
zinc-cadmium  plates  instead  of  zinc-copper  ones.  The  follow- 
ing values  obtained  in  four  such  experiments  illustrate  the 
results  obtained,  indicating  that  the  effect  of  halving  the  area 
of  the  plate  on  which  metal  is  deposited  is,  as  with  the  Daniell 
cells,  greater  than  the  effect  of  halving  the  area  of  the  dissolved 
plate,  when  the  former  plate  is  not  mercurialized*.  The  zinc- 
cadmium  cells,  however,  differ  from  ordinary  Daniell  cells  in 
this  respect — that,  whilst  amalgamating  the  copper  plate  of  a 
Daniell  cell  does  not  materially  alter  the  relative  effect  of 
halving  its  area,  amalgamating  the  cadmium  plate  of  a  zinc- 
cadmium  cell  greatly  diminishes  the  relative  effect  of  halving 
its  area,  in  such  sort  that,  when  solid  crystalline  amalgam  is 
used,  the  effect  of  halving  the  area  of  the  cadmium  plates, 
instead  of  exceeding,  becomes  sensibly  equal  to  the  effect  of 
halving  the  area  of  the  zinc  plate,  whilst  when  liquid  amal- 

*  It  is  noteworthy  in  this  connexion,  that  -v\-hen  nearly  pui'e  TVi'ought- 
iron  plates,  immersed  in  ferrous  sulphate  solution,  replace  the  zinc  plates 
and  zinc  sulphate  solution  of  normal  Daniell  cells,  the  effect  of  halving  the 
area  of  the  iron  plates  sometimes  exceeds  that  produced  by  halving  the 
area  of  the  copper  plates 
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gam  is  used  the  effect  of  halving  the  area  of  the  cadmium 
plate  becomes  sensibly  less  than  the  effect  of  halving  that  of 
the  zinc  plate. 


Current, 
in  micro- 
amperes. 

Cadmium-Copper. 

Zinc-Cadmium. 

Bright  cadmium — 
Electro-copper. 

Amalgamated  zinc — 
Electro-cadmium. 

Amalgamated  zinc — 

Fluid  amalgamated 

cadmium. 

Amalgamated  zinc — 

Solid  amalgamated 

cadmium. 

EflTect  of  halving 
area  of 

Effect  of  halving 
area  of 

.. .        ■* 

Effect  of  halving 
area  of 

Effect  of  halving 
area  of 

Cadmium. 

Copper. 

Zinc. 

Cadmium. 

Zinc. 

Cadmium. 

Zinc. 

Cadmium. 

1000 

■005 

•008 

•004 

•005 

•005 

•003 

•005 

•006 

2000 

•010 

•013 

•007 

■008 

■009 

•005 

■Oil 

■015 

5000 

■016 

•022 

•012 

■013 

■018 

•Oil 

■021 

■019 

10000 

•020 

■031 

•020 

■025 

•027 

•015 

•026 

•025 

20000 

•039 

•051 

•030 

•040 

•035 

•022 

•032 

•032 

II.   Cells  contaiiiing  Silver  as  one  of  the  Metals,  the  Salts  used 

being  S^ilphates. 

125.  Three  sets  of  cells,  after  Raoult's  pattern,  were  con- 
structed, containing  respectively  zinc- silver,  cadmium-silver, 
and  copper-silver  couples,  the  respective  plates  being  immersed 
in  solutions  of  silver  sulphate  saturated  at  ordinary  tempera- 
tures, and  of  copper  and  zinc  sulphate  of  strengths  molecularly 
equal  thereto  (the  silver  solution  contained  7*25  grammes  of 
Ag2S04  per  litre,  and  had  a  sp.  gr.  near  to  1"0067);  the  com- 
position was  uniformly  MSO4236OH2O. 

On  making  series  of  determinations  of  the  E.M.F.'s  of  these 
cells,  the  following  results  were  arrived  at  as  the  effects  of 
varying  the  nature  of  the  silver  surfaces,  deduced  from  the 
average  values  of  a  large  number  of  observations  (upwards  of 
50  sets  of  comparisons). 


Effect  of  substituting  Electro-Silver  for  Bright  Silver. 

Zinc  opposed.  Cadmium  opposed.  Copper  opposed. 
Maximum  ...    +-017                  +-015  +'012 

Minimum   ...    +-003  +-005  +'004 

Ranee -014  "010  '008 


Average -f008 


4-  -009 


+  -0075 
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Effect  of  substituting  Amalgamated  Silver  (fluid)  for 
Bright  Silver. 

Maximum  ...  +-102  +-110  +'105 

Minimmn   ...  +'092  +"095  +-092 

Range 'OlO  -015  -013 

Average +'099  +'101  +-1025 

Considering  the  perceptibly  wider  ranges  of  variation  in 
these  experiments  than  those  usually  observed  in  the  zinc- 
cadmium-copper  cells  previously  described,  it  is  evident  that 
the  effect  of  varying  the  nature  of  the  silver  plate  is  sensibly 
independent  of  the  natui'e  of  the  other  metal. 

Sometimes,  but  not  invariably,  the  amalgamated  silver 
plates  became  solid  and  crystalline  (greenish  yellow)  on  the 
surface  :  this  result  was  apparently  brought  about  much  more 
rapidly  when  the  silver  was  immersed  in  concentrated  zinc 
sulphate  solution  than  under  any  other  of  the  conditions  ob- 
taining in  the  various  experiments.  When  this  change  took 
place  the  E.M.F.  set  up  by  opposing  such  a  plate  to  zinc  in 
cells  containing  sulphates  of  zinc  and  silver  was  always  inter- 
mediate between  that  set  up  in  the  same  fluids  by  plates  of 
bright  silver  and  of  fluid  amalgamated  silver.  The  average  of 
several  comparisons  was  as  follows  : — 

Eff'ect  of  substituting  Amalgamated  Silver  (solid)  for 

Bright  Silver. 

Maximum +'025 

Minimum +"014 

Range  'Oil 

Average    -I- '021 

In  this  respect  silver  is  analogous  to  cadmium  when  the 
latter  is  opposed  to  zinc  (§  121)  ;  but  the  average  amounts 
of  increase  in  E.M.F.  due  to  fluid  and  solid  amalgam  are  in 
each  instance  considerably  greater  with  silver  than  Avith  cad- 
mium ('099  and  "021  for  silver  as  compared  with  '043  and 
•016  for  cadmium). 

On  substituting  electro-  for  bright  cadmium  in  the  cadmium- 
silver  cells,  identically  the  same  average  effect  was  observed 
as  in  the  cadmium-copper  cells  (§  119),  viz.  an  increase  in  the 
E.M.F.  of  from  -002  to  -OOG,  averaging  '004  volt.  Similarly,  on 
substituting  amalgamated  for  electro-copper  in  the  copper-silver 
cells,  practically  the  same  numerical  difference  in  the  E.M.F. 
was  brought  about  as  was  formerly  observed  in  the  zinc- 
copper  cells  (§  107)  and  the  cadmium-copper  cells  (§  119), 
but  in  the  opposite  direction,  the  E.M.F.  being  raised  in  the 
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copper-silver  cells  and  lowered  in  the  other  two  kinds  :  the 
alteration  in  the  E.M.F.  varied  between  +*005  and  — '003, 
averaging  +"0005. 

126.  On  allowing  newly  set-up  cells  to  stand  for  several 
hoursj  different  results  were  brought  about  in  each  of  the 
three  cases  according  as  the  silver  was  opposed  to  zinc,  cad- 
mium, or  copper.  In  the  first  case  the  E.M.F.  invariably  fell; 
the  maximum  value  was  observed  immediately  after  the  cell 
was  set  up,  and  continued  sensibly  steady  for  a  variable  period 
of  time,  a  distinct  diminution  becoming  perceptible  sometimes 
after  half  an  hour,  sometimes  only  after  two  or  three  hours. 
With  cadmium  the  value  after  several  hours  was  somewhat 
greater  than  that  set  up  at  first  and  during  the  subsequent 
hour  or  so  ;  and  with  copper  the  value  attained  after  several 
hours  was  still  greater  than  that  exhibited  during  the  first  hour 
or  two.  The  following  numbers  represent  the  average  altera- 
tions thus  observed,  being  the  differences  between  the  average 
readings  during  the  first  hour  and  during  a  period  of  from 
3  to  5  hours  after  setting  up  : — 

Amalgamated  Zinc  opposed. 

Bright  silver.  Electro-silver.       Amalgamated  silver.  Mean. 

-•010  --014  --012  --012 

Bright  Cadmium  opposed. 
+  •003  +-001  +^003  +-002 

Electro-Cadmium  opposed. 
+  •003  +^004  +-003  +-003 

Electro-Copper  opposed. 
+  •009  +-007  +^007  +-008 

Amalgamated  Copper  opposed. 
+  •011  +-009  +-005  +^008 

These  alterations  were  traced  to  the  variations  in  the  nature 
of  the  surfaces  of  the  plates  opposed  to  the  silver  ;  for  on 
taking  out,  for  instance,  an  amalgamated  zinc  plate  after  5 
hours,  and  replacing  by  a  freshly  amalgamated  plate,  the 
E.M.F.  was  restored  to  sensibly  the  same  value  as  at  first ; 
and  similarly  with  the  other  metals.  On  the  other  hand,  on 
taking  out  from  two  cells,  for  instance,  a  zinc  and  a  copper 
plate  after  5  hours,  and  replacing  them  respectively  in  two 
beakers  containing  zinc  and  copper  sulphate  solutions  of  the 
same  molecular  strengths,  and  connected  by  a  siphon  tube,  the 
E.M.F.  of  the  cell  thus  formed  was  found  to  fall  short  of  the 
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average  value  of  a  normal  Daniell  cell  with  fresh  plates  by  an 
amount  sensibly  equal  to  the  sum  of  the  numerical  alterations 
that  had  occurred  in  the  zinc-silver  and  copper-silver  cells 
jointly.  It  is  specially  noticeable  that,  whilst  in  zinc-copper 
cells  the  alteration  in  the  surface  of  the  copper  (probably 
through  oxidation)  on  standing  diminishes  the  E.M.F.,  in 
copper-silver  cells  the  alteration  is  in  the  opposite  direction  : 
with  zinc  and  cadmium  the  direction  of  this  alteration  when 
opposed  to  silver  is  the  same  as  when  opposed  to  copper. 

It  would  seem  from  all  these  results  that  the  eflPect  of  a  given 
alteration  of  the  surface  of  one  of  the  plates  of  a  voltaic  pair 
upon  the  E.M.F.  of  the  pair  is  independent  of  the  nature  of  the 
other  plate  as  regards  its  numerical  value,  although  the  nature 
of  this  second  plate  regulates  the  direction  of  the  variation  in 
the  E.M.F.  produced  (increase  or  decrease),  and  also  exerts 
an  influence  upon  the  rate  at  which  the  alteration  of  the  plate- 
surface  takes  place.  Thus  it  w^as  repeatedly  observed  that, 
whereas  an  amalgamated  zinc  plate  (or  an  electro-copper  one), 
when  forming  part  of  a  normal  Daniell  cell,  did  not  become 
sensibly  oxidized,  so  as  to  diminish  the  E.M.F.  of  the  cell, 
until  after  several  hours  at  least  had  elapsed,  a  precisely  similar 
plate  immersed  in  the  same  liquid,  but  forming  part  of  a  zinc- 
silver  cell  (or  of  a  copper-silver  cell),  did  become  perceptibly 
oxidized  in  much  less  time.  In  other  words,  although  no 
measurable  current  was  generated  in  either  case,  yet  the 
different  amounts  of  strain  (so  to  speak)  set  up  in  the  chain 
of  liquid  particles  between  the  two  plates,  according  as  one 
was  silver  or  not,  did  affect  the  rate  of  change  in  the  surface 
of  the  more  oxidizable  metal  (presumably  by  varying  the 
rate  at  which  it  combined  with  the  oxygen  dissolved  in  the 
fluid). 

127.  The  follomng  Table  exhibits  the  average  results  ob- 
tained in  about  150  sets  of  observations  and  comparisons,  only 
those  values  made  during  the  first  hour  (or  sometimes  less) 
after  setting  up  being  taken  into  account,  and  all  subsequent 
values  being  rejected  where  any  diminution  through  oxidation 
&c.  began  to  be  perceptible  *.  The  values  cited  as  the  average 
eflfects  of  substituting  for  bright  silver  electro-  and  amalga- 
mated (liquid)  silver  are  the  means  of  the  three  sets  above 
quoted  (§  125)  obtained  respectively  with  zinc,  cadmium,  and 
copper  : — 

*  Notwithstanding  all  care,  it  is  probable  tliat  tbe  average  results  with 
the  zinc-silver  cells  are  too  low  by  a  few  thousandths  of  a  volt,  and  those 
with  the  other  cells  slightly  too  high  (vide  §  128). 
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Maxi- 
mum. 


Mini- 
mum. 


Effect,  of  substituting  for  bright  silver : —      j 

Electro-silver   -f-'017 

Amalgamated  silver  (liquid)  '-|-'100 

„       (solid)    -f025 


Effect  of  substituting  for  electro-copper  :- 
Amalgamated  copper  


Effect  of  substituting  for  bright  cadmium  : — 

Electro-cadmium +  "006 


-f-005 


Electromotive  force  of  combinations  : — 

Amalgamated  zinc  — Bright  silver 

„  ,,  Electro-silver    .... 

„  „  Amalg.8ilver(liquid)! 

„  „  „         „      (solid). 

Bright  cadmium — Bright  silver 

,,  ,,  Electro-silver    

„  „  Amalg.  silver  (liquid). 

Electro-cadmium — Bright  silver    

„  „  Electro-silver 

„  ,,  Amalg.  silver  (liquid) 

Electro-copper — Bright  silver 

,,  „         Electro-silver 

„  .,  Amalg.  silver  (liquid)... 

Amalgamated  copper— Bright  silver 

„  ,,     Electro-silver  

„  ,,     Amalg.  silver  (liquid) 


1-540 

1-550 

1-640 

1-555 

1173 

1-185 

1-278 

1-176 

1-186 

1-277 

•422 

-429 

-535 

-420 

-430 

-535 


+•003 
-f-092 
-1--014 


-■003 


+  -002 


1-518 

1-529 

1-615 

1-544 

1-163 

1-169 

1-261 

1-164 

1-176 

1-267 

-411 

•411 

•513 

-411 

•414 

-513 


Range 


-014 
-008 
•Oil 


•008 


•004 


-022 

•021 

•025 

1- 

•Oil 

-010 

-016 

•017 

\- 

•012 

•010 

-010 

!• 

-Oil 

•018 

•- 

•022 

• 

•009 

•016 

.- 

•022 

. 

Average. 


-F^OOB 
-t--101 
-f--021 


-fOOl 


-f-004 


-528 

•536 

•627 

-549 

-1675 

-1765 

-2685 

-1715 

-1805 

•2725 

•416 

-4235 

-5185 

•4165 

.424 

•619 


Voltcc's  Law  of  Summation. 
128.  The  vahies  in  this  table,  together  with  those  quoted 
above  for  the  zinc- cadmium  and  cadmium-copper  cells  (§§ 
119  and  121)  and  those  given  in  Part  V.  for  zinc-copper 
cells  (§  107),  clearly  prove  that  Volta's  law  holds  in  the  case 
of  the  sets  of  combinations 

(A) 
(B) 

(C) 

at  any  rate  within  the  range  of  possible  error  due  to  the 
somewhat  larger  ranges  of  fluctuation  in  the  E.M.F.  of  silver- 
containing  cells  than  were  observed  with  zinc-cadmium-copper 
cells,  and  to  the  fact  that,  although  alterations  of  the  oxidi- 
zable  plates  in  the  cells  containing  silver  was  avoided  as  far 
as  possible  by  only  carrying  on  the  observations  for  one  hour 
and  sometimes  less,  still  it  was  not  practicable  wholly  to  avoid 
this  .source  of  inaccuracy.  Thus  in  the  three  cases  respec- 
tively the  following  figures  are  obtained  : — 


rZn 

iCd 

+ 

red 

(Ag        - 

/Zn 

''           (Ag 

rZn 
ICu 

+ 

/Cu 

LAg        - 

rZn 

'--         lAg 

red 

ICu 

+ 

rCu 
lAg      - 

fCd 
lAg 
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Average  difference  in  case  A =   +'0042 

„       B  =  +-0027 

C  ... 


» 


J) 


=  --0032 


Mean. 


=  +-0012 


On  canying  out  twin-cell  experiments  like  those  described 
in  §  122,  it  was  found  that  when  a  silver  plate  was  placed  in 
the  central  beaker,  and  either  copper  and  zinc,  copper  and 
cadmium,  or  zinc  and  cadmium  plates  were  used  in  the  other 
beakers,  together  with  solutions  of  the  respective  metallic 
sulphates  of  the  same  molecular  strengths,  the  difference 
between  the  electromotive  forces  determined  in  the  twin  cell 
was  always  sensibly  equal  to  the  E.M.F.  developed  by  the  pair  of 
plates  other  than  silver  employed  when  taken  out  and  opposed 
to  each  other  in  an  ordinary  cell  containing  the  same  metallic 
solutions  ;  and  this  was  found  to  be  the  case,  not  only  with 
freshly-prepared  plates,  but  also  with  plates  that  had  been 
immersed  for  hours  and  had  become  oxidized  on  the  surface. 
For  instance,  in  a  pair  of  experiments  with  amalgamated  zinc, 
bright  silver,  and  electro-copper  plates: — 


Cells  newly  set  up, 
Zinc-copper  in  single  cell 
Copper-silver  in  twin  cell 

Sum    .     . 
Zinc-silver  in  twin  cell  . 

Difference 


1-115 
•417 

1-532 
1-534 

--002 


After  24  hours. 
1-098 
•425 


1-523 
1-522 

+  •001 


Similar  results  were  obtained  in  several  other  experiments 
of  the  same  kind,  both  with  zinc-copper  plates  opposed  to 
silver  and  with  the  other  two  pairs  (zinc-cadmium  and 
cadmium- copper).  Tte  average  difference  in  each  case  was 
considerably  less  than  +^001  volt. 


Relations   between   the  Electromotive    Forces    of   Zinc-Silver 
Copper-Silver,   and    Cadmuim- Silver  Cells  and  those  corre- 
sponding to  the  net  Chemical  Actions  taking  place  therein. 

129.  In  all  the  cells  hitherto  examined  in  this  series  of 
researches  there  has  been  shown  to  be  a  sensible  equality 
between  the  electromotive  forces  generated  with  clean  plate- 
surfaces  of  pure  metals  and  those  corresponding  to  the  net 
chemical  and  physical  actions  taking  place  therein.     Apinori, 
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there  does  not  seem  to  be  any  evident  reason  why  the  same 
state  of  things  should  not  exist  in  the  case  of  cells  containing 
silver  plates.  Thomsen\s  thernio-chemical  valuations,  how- 
ever, indicate  that  the  electromotive  forces  corresponding  to 
the  three  equations 


Zn 

+ 

AgoS04 

= 

2Ag 

+ 

ZnSO,, 

Cd 

+ 

Ag^SO, 

=r 

2Ag 

+ 

CdSO^, 

Cu 

+ 

Ag,SO, 

= 

2Ag 

+ 

CUSO4, 

are    considerably   higher   than  those  actually    observed    and 
tabulated  above,  thus : — ■ 


Zinc-silver. 

Zn,  O,  SO3  aq.     =       106090 
Ag^.O,  SOgaq.    =        20390 


Diff., 


moSe^'rr:}    «-»» 


DiflP. 


per  gramme- 1    ^^,^50 

equivalent J 

Corresponding  to  volt   1'890 


Cadmium-silver. 

Cd.  0,  SO,,  aq.    =  89500 
Ag,,  0,  SO3  aq.  =  20390 

Copper-silver. 

Cu,  0,  SO,aq.    =  5.5960 
Aga,  0,  Sd^  aq.  =  20390 

69110 

35570 

34555 
1-524 

17785 
•784 

In  each  of  the  three  cases  the  calculated  E.M.F.  is  from  '34 
to  '37  volt  above  the  observed  values  when  silver  plates  not 
amalgamated  are  used,  indicating  that  even  when  only  infi- 
nitesimal currents  are  generated  a  large  amount  of  energy  is 
nonadjuvant.  It  will  be  shown  in  a  future  paper  that  this 
behaviour  is  more  or  less  marked  in  other  kinds  of  cells  con- 
taining silver  plates  and  silver  compounds,  although  the  mini- 
mum amount  of  nonadjuvancy  observed  in  any  given  case  is 
variable  with  the  nature  of  the  saline  compounds  in  the  cell^. 
In  order  to  see  whether  the  rise  in  E.M.F.  produced  by  amalga- 
mating the  silver  plate  is  due  simply  to  the  heat  of  formation  of 
silver  sulphate  being  less  when  the  silver  is  dissolved  in  mer- 
cury than  when  it  is  free,  determinations  of  the  heat  of  solution 
of  silver  (precipitated  from  the  nitrate  by  copper,  crystalline) 
were  made.  It  was  found  a  little  difficult  to  get  every  trace 
of  silver  used  dissolved  in  mercury  when  20  grams  of  silver 
and  600  of  mercury  were  employed,  even  though  the  surface 
of  the  former  was  washed  with  dilute  nitric  acid.  With 
smaller   amounts   of  mercury  only  incomplete   solution  was 

*  Raoult  has  abeady  obtained  numbers  {Ann.  Chim.  et  PJnjs.  [4]  ii. 
317  and  iv.  392)  indicating  that  the  "galvanic  heat "  (§  17)  of  a  cell  con- 
taining copper,  silver,  and  the  nitrates  of  their  metals  is  sensibly  below  the 
value  due  to  the  net  chemical  action  taking  place.  These  and  other  similar 
observations  will  be  discussed  in  a  future  paper. 
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effected,  more  or  less  pasty  amalgam  being  formed,  and  a  smaller 
heat-development  being  then  noticeable.  The  most  trustworthy 
determinations  made  indicated  that  during  the  solution  of 
108  grams  of  silver,  2070  gramme- degrees  are  evolved. 
Hence  the  heat  of  formation  of  silver  sulphate,  Avhen  the 
silver  is  dissolved  in  mercury,  is,  per  gramme-molecule, 
20300-2  X  2070  =  16250;  so  that  the  heat  of  displacement  of 
silver  from  silver  sulphate,  when  the  metal  is  ultimately  obtained 
in  mercurial  solution,  is  greater  than  the  values  above  calcu- 
lated for  zinc,  cadmium,  and  copper  respectively  as  precipi- 
tating metals  by  4140  gramme-degrees  per  gramme-molecule, 
or  2070  per  gramme-equivalent,  corresponding  with  "0915  volt. 
The  average  difference  in  E.M.F.  between  cells  otherwise 
alike,  in  which  crystalline  electro-silver  and  amalgamated 
silver  (fluid)  are  respectively  used,  is  almost  identical  with 
this,  being  -101  -'008  =  -093  volt.  As  already  noticed  (§  120), 
silver  and  cadmium  differ  in  their  behaviour  in  tbis  connexion 
when  amalgamated,  the  inequality  between  the  effect  on  the 
E.M.F.  actually  produced  by  amalgamation  of  cadmium  and 
that  corresponding  with  the  heat  of  solution  in  mercury 
being  probably  due  to  the  oxidation  of  cadmium  by  dissolved 
air. 

Rate  of  Fall  in  Electromotive  Force  through  so-called  "  Polari- 
zation ^^  for  definite  Amount  of  Increase  in  Rate  of  Current- 
flow. 

130.  In  order  to  see  whether  the  electromotive  forces  of  the 
cells  above  described  are  rendered  less  (when  no  current 
passes)  than  they  otherwise  would  be,  through  the  interfering 
action  of  dissolved  air  or  some  other  similar  obscure  cause,  a 
number  of  experiments  were  made  like  those  described  in 
Part  V.  (§§  103-105),  with  the  general  result  of  showing  that 
the  deficiency  observed  in  the  E.M.F.  actually  generated  w^hen 
no  current  passes  (as  compared  with  that  calculated  from  the 
thermo-chemical  data)  is  at  any  rate  not  due  to  any  such 
cause,  inasmuch  as  the  E.M.F.  generated  when  a  current  does 
pass  is  always  more  or  less  beloio  that  set  up  when  no  current 
passes,  just  as  with  normal  Daniell  cells  and  with  the  zinc- 
cadmium  and  cadmium-copper  cells  above  described.  Thus, 
for  example,  the  following  numbers  were  obtained  in  three 
experiments,  in  each  of  which  bright  zinc  plates  were  em- 
ployed, and  one  in  which  electro-copper  plates  were  used,  the 
silver  plates  being  in  each  instance  uppermost  and  surrounded 
by  saturated  silver  sulphate  solution. 
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Fluid  surrounding 

Zinc-sulphate  solu-  Zinc-sulphate  solu- 

Zinc-sulphate solu- 



the  zinc  plates. 

tion,  sp.gr.  1-42. 

tion,  sp.  gr.  1^42. 

tion,  sp.  gr.  I^IO. 

Fluid  surrounding 

1 

Copper     sulphate 

the  copperplates/ 

sol.,  sp.  gr.  ri7. 

Nature    of    silver  Electro-silver  (crj-- 

Solid     crj'stallized 

Solid     crystallized 

Electro-silver  (cry- 

plates. 

stalline. 

amalgam. 

amalgam . 

stalline). 

Resistance,          in 

~| 

ohms,  of  column 
of  fluid  between 

66-9 

76-0 

76-6 

71-0 

nlates   

Maximum  E.M.F. 

1-500 

1-511 

1-546 

•401 

Current-density, 

Observed  amounts  of  fall  in  Electromotive  Force. 

m  microamperes. 

20 

•012 

•005 

60 

•6l6 

•010 

•021 

•Oil 

100 

•025 

•018 

•026 

•019 

200 

•041 

•036 

•037 

•030 

400 

•062 

•067 

•059 

■047 

600 

•080 

•097 

•077 

•063 

1000 

•116 

•144 

•112 

2000 

•209 

•258 

•177 

These  numbers  are  represented  graphically  by  the  curves 
marked  respectively  V.,  VI.,  YII.,  and  VIII.  in  the  figure. 

On  trying  experiments,  like  those  described  in  §  110,  to  see 
how  far  the  falling-ofF  in  E.M.F.  when  a  current  is  generated 
could  be  due  to  the  accumulation  of  zinc  (cadmium  or  copper) 
sulphate  round  the  plate  opposed  to  the  silver,  it  was  found 
that  the  maximum  possible  effect  due  to  this  cause  could  not 
exceed  about  "04  volt  with  zinc  and  cadmium,  and  '02  with 
copper.  These  experiments,  and  others  of  a  similar  nature, 
will  be  discussed  in  a  future  paper. 

On  comparing  the  eight  curves  represented  in  the  figure 
with  those  previously  described  as  obtained  with  various  forms 
of  Daniell  cell  (Part  V.  §  105),  it  is  noticeable,  first,  that  the 
curves  obtained  with  the  zinc-cadmium  cells  underlie  all  the 
others  (I.,  II.,  and  III.);  secondly,  that  the  curve  with  the 
cadmium-copper  cell  (IV.)  is  practically  identical  with  one  of 
the  Daniell-cell  curves — indicating  consequently  that,  whilst 
the  substitution  of  copper  for  cadmium  in  a  zinc-cadmium 
cell  raises  the  position  of  the  curve  (i.  e.  increases  the  rate  of 
fall  in  E.M.F.  according  as  the  current-density  increases),  the 
substitution  of  cadmium  for  zinc  in  a  Daniell  cell  does  not 
materially  alter  the  position  of  the  curve  ;  thirdly,  the  curves 
with  the  zinc-silver  and  copper-silver  cells  overlie  all  the 
others,  whilst  the  copper-silver  curve  (VIII.)  is  not  widely 
different  from  the  zinc-silver  curves  (V.,  VI.,  and  VII.) — 
indicating  that,  whilst  the  substitution  of  silver  for  copper  in  a 


Cheiiiical  Ajjinlti/  la  tenns  of  Electromotive  Force.       209 

Daniell  cell  largely  raises  the  position  of  the  eur^'e,  the  effect 
of  substituting  copper  for  zinc  in  a  zinc-silver  cell  is  very  inuch: 
less  marked.     In  other  words,  the  nature  of  the  dissolved  mefal- 
afects  the  rate  of  decrease  in  E.M.F.  loith  increasing  current- 
density  much  less  than  does  the  nature  of  the  deposited  metal ; 
lohilst  the  less  the  heat  of  formation  of  the  salt  of  the  latter  that, 
is  decomposed  by  the  passage  of  the  current,  the  more  rapid 
appears  to  he  the  rate  of  fall  in  the  E.M.F.  of  the  cell  as  the 
current-density  increases.     As   regards  the   first   part  of  this 
general  conclusion,  it  is  precisely  what  also  results  from  the 
majority  of  the  previously  described  experiments  on  the  effect 
of  halving  the  area  of  the  dissolved  plate,  as  compared  with 
that  produced  by  halving  the  area  of  the  plate  on  which  metal 
is  deposited.     The  following  experiments  with  cells  containing 
silver  plates  also  give  the  same  general  results. 

Effect  of  Varying  the  Size  of  one  of  the  Plates  in  Cells  con- 
taining Silver  as  one  of  the  Metcds,  the  other  Plate  remcdning 
■uncdtered. 

131.  By  operating  in  the  May  described  in  §  115,  the  fol- 
lowing results  were  obtained  in  four  sets  of  observations  with 
zinc-silver  and  copper-silver  cells,  showing  that,  in  all  cases, 
halving  the  area  of  the  silver  plate  produces  a  sensibly  greater 
decrease  in  the  E.M.F.  set  up  with  a  constant  rate  of  current- 
flow  than  is  effected  by  halving  the  area  of  the  plate  opposed 
to  the  silver. 


Zinc-Silver.                                  Copper-Silveu. 

Current- 
density, 
in  micro- 

Amalgamated 
zinc — electro- 
silver. 

Amalgamated 

zinc— crystalline 

amalgamated 

silver. 

Amalgamated 
zinc — crystalline  Electro-copper — 
amalgamated    ,    electro-silver, 
silver.           j 

amperes. 

Eifect  of  halviugjEffect  of  halving 

area  of         1         area  of 

J.               i              A 

Effect  of  halviugJEffect  of  halving 
area  of                   area  of 

Zinc. 

Silver.      Zinc. 

Silver. 

Zinc. 

Silver.  'Copper. 

Silver. 

1000 
2000 
3000 
5000 
8000 
10000 

•009      •on 

■012        ^024 
•014    !     -038 
•016        -064 
•028    i     -093 

i    

•007 
•009 
•Oil 
•020 
•038 

•026 
•045 
•059 
•103 
•186 

•008 
•012 
•015 
•021 
•029 
•034 

•019 
■036 
•047 
•070 
•122 
•151 

•004 
•010 
■017 

•Oil 
•023 

•028 

Summary  of  Results. 

132.  The  foregoing  results  may  be  thus  summarized  : — 
Cells  containing  zinc  and  cadmium  or  cadmium  and  copper 
Phil.  Mag.  S.  5.  Vol.  14.  No.  87.  Sept.  1882.  P 
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plates,  immersed  in  solutions  of  the  sulphates  of  these  metals 
respectively,  are  closely  analogous  to  ordinary  Daniell  cells 
(containing  zinc  sulphate  solution).  Slight  vai'iations  in  the 
E.M.F,  generated  are  introduced  by  varying  the  condition  of 
the  plate-surfaces ;  but  in  all  cases  the  maximum  E.M.F. 
actually  generated  -with  clean  pure  plate-surfaces  and  with 
solutions  of  equal  molecular  strengths  is  close  to  that  calculable 
from  the  net  chemical  action  taking  place  in  the  cell  when 
generating  a  current.  When  the  cadmium  plates  are  not 
amalgamated,  or  are  covered  with  crystalline  solid  amalgam, 
the  electromotive  forces  are  close  to  '75  and  'oG  volt  for 
cadmium-copper  and  zinc-cadmium  cells  respectively,  the 
values  corresponding  to  the  net  chemical  actions  as  deduced 
from  Thomsen's  thermo-chemical  results  being  substantially 
the  same.  When  the  cadmium  plates  are  covered  with  fluid 
amalgam,  the  electromotive  force*  are  lower  in  the  first  case 
and  higher  in  the  second  by  upwards  of  "04  volt — a  quantity 
distinctly  exceeding  in  magnitude  the  E.M.F.  corresponding 
with  the  heat  of  solution  of  cadmium  in  jnercury,  although  of 
the  same  sign. 

(2)  The  electromotive  forces  of  zinc-silver,  cadmium-silver, 
and  copper-silver  cells  containing  the  respective  sulphates  of 
these  metals  differ  from  those  of  zinc-cadraiuni,  zinc-copper 
(Daniell),  and  cadmium-copper  cells  in  this  respect,  that  the 
maximum  electromotive  forces  generated  (the  fluids  being  of 
equal  molecular  strength)  are  not  sensibly  the  same  as  those 
calculated  from  Julius  Thomsen's  thermal  data,  Init  in  every 
case  fall  short  by  an  amount  not  far  from  'ob  volt.  When 
the  silver  plates  are  not  mercurialized,  or  are  coated  with  crys- 
talline amalgam,  the  electromotive  forces  (which  A'ary  slightly 
with  the  precise  nature  of  the  plate-surfaces)  are,  in  the  three 
cases,  near  to  l'h?>,  1'17,  and  0*42  volt  respectively,  the 
metallic  solutions  being  of  equal  molecular  strength.  When 
the  silver  plates  are  covered  with  fluid  amalgam,  the  electro- 
motive forces  are  in  each  case  about  '09  volt  higher  than  the 
values  obtained  with  electro-deposited  crystalline  metal,  this 
increase  almost  exactly  coinciding  with  the  increment  corre- 
sponding wnth  the  heat  of  solution  of  silver  in  mercury. 

(3)  As  long  as  the  cadmium  and  zinc  [or  copper]  solutions 
employed  are  of  the  same  molecular  strength  within  the  limits 
indicated  respectively  by  MSOjSOHgO  and  MSO.1 1250HoO, 
the  E.M.F.  developed  with  a  given  pair  of  cadmium  and 
zinc  [or  copper]  plates  is  sensibly  independent  of  the  actual 
strength  of  the  solutions,  these  cells  behaving  precisely  like 
Daniell  cells  in  this  res})('ct.  With  Diuiiell  cells  the  solutions 
are  practically  of  the    same   molecular  strength  -when  they 
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are  of  the  same  specific  gravity;  but  with  the  other  cells 
containing  cadmium  this  is  not  so,  cadmium-sulphate  solution 
being  uniformly  more  dense  than  either  zinc  or  copper  solution 
of  the  same  molecular  strength. 

(4)  The  effect  on  the  E.M.F.  of  a  cell  of  a  given  alteration 
in  the  nature  of  the  surface  of  either  a  zinc,  copper,  cadmium, 
or  silver  plate  is  sensibly  the  same  numerically  whichever 
other  one  of  these  four  metals  be  opposed  to  it ;  but  the  direc- 
tion of  the  alteration  is  opposite  according  as  the  plate  is  the 
anode  or  the  kathode  of  the  combination. 

(5)  Volta's  "  Law  of  Summation"  universally  holds  within 
the  limits  of  experimental  error  in  all  the  cases  examined  ; 
that  is,  the  electromotive  forces  of  zinc-cadmium,  cadmium- 
copper,  and  copper-silver  combinations  are  such  that,  for  any 
given  kinds  of  plate-surfaces,  the  sums  of  the  two  first,  of  the 
two  last,  and  of  the  three  together  are  respectively  equal  to 
the  electromotive  forces  of  zinc-copper,  cadmium-silver,  and 
zinc-silver  combinations. 

(6)  Zinc,  copper,  and  cadmium  plates  alter  superficially 
(probably  in  consequence  of  oxidation  by  dissolved  air)  more 
rapidly  when  opposed  to  silver  than  when  opposed  to  any 
other  one  of  these  four  metals,  on  being  immersed  in  solutions 
of  their  respective  sulphates  forming  one  half  of  a  cell  on 
DanielFs  principle — no  current  being  generated  by  the  cell, 
the  measurements  being  made  by  means  of  a  quadrant  elec- 
trometer. 

(7)  With  all  the  cells  examined  the  behaviour  when  gene- 
rating a  current  is  analogous  to  that  of  a  normal  Daniell  cell : 
when  the  current-density  exceeds  a  few  microamperes  per 
square  centimetre  of  plate-surface,  a  more  or  less  marked 
diminution  in  the  E.M.F.  ensues,  the  falling-off  being  the 
greater  the  greater  the  current-density.  With  moderately 
strong  currents  the  diminution  far  exceeds  the  maximum 
possible  amount  due  to  accumulation  of  dissolved  salt  round 
the  plate  dissolved,  and  exhaustion  of  solution  round  the  other 
plate.  Cfi'ieris  i^arihis,  the  rate  of  fall  in  E.M.F.  as  the 
current-density  increases  is  the  more  rapid  the  lower  the  heat 
of  formation  of  the  metallic  salt  decomposed  in  the  cell  so  as 
to  deposit  the  metal,  and  is  comparatively  but  little  aflfected 
by  the  nature  of  the  dissolved  metal. 

(8)  The  effect  of  halving  the  area  of  the  plate  on  which 
metal  is  deposited  is  usually  to  cause  a  greater  diminution  in 
the  E.M.F.  than  is  produced  by  halving  the  area  of  the  dis- 
solved plate ;  amalgamated  cadmium  plates  in  zinc-cadmium 
cells,  hoAvever,  form  an  exception  to  this  rule. 

P2 
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XXIII.  An  Integrating  Anemometer.     By  Waltee  Baily*. 

[Plate  \.'] 

THE  object  of  the  instrument  described  in  this  paper  is  to 
resolve  the  velocity  of  the  wind  in  two  directions  at 
right  angles  to  one  another,  and  to  obtain  the  time-integral  of 
each  part  separately. 

The  instrument  contains  a  horizontal  plane,  in  which  are 
two  slits  X  S  and  E  W,  forming  a  cross  to  be  placed  with  its 
arms  towards  the  cardinal  points..  In  these  slits  are  sliders 
F,  G,  connected  by  a  bar  of  constant  length.  Ois  the  centre 
of  the  cross,  H  the  centre  of  the  bar.  The  locus  of  H  is  a 
circle  with  centre  0.  A  weathercock  or  some  equivalent 
mechanism  is  to  keep  H  in  such  a  position  that  the  radius 
0  H  is  in  the  direction  of  the  wind.  The  sliders  carry  beneath 
them  wheels,  B,  C,  v,'hose  planes  are  perpendicular  to  their 
respective  slits,  and  whose  centres  are  beneath  the  pivots 
joining  tlje- flits  to  the  bar.  [See  figs.  1,  2,  3,  Plate  V. 
Fig.  1  gifes  a  perspective  view  of  the  instrument,  omitting 
some  pbmts:  fig.  2  gives  a  view  of  the  top  of  the  instrument; 
and  fio-.  3  ffives  a  section  of  a  slit  and  slider,  and  shows  the 
wheel  carried  by  the  slider.]  Tlie  wheels  B,  C  rest  on  a  disk, 
A  (fig.  1),  which  revolves  about  a  vertical  axis  immediately 
below  0.  The  disk  A  is  to  be  rotated  by  Robinson^s  cups,  or 
some  equivalent  mechanism,  so  as  to  have  a  velocity  propor- 
tional to  that  of  the  wind.  The  pieces  which  carry  the  wheels 
B,  C  should  be  allowed  some  play  in  a  vertical  direction;  and 
the  contact  of  B  and  C  with  A  can  then  be  maintained  either 
by  their  own  weight  or  by  the  use  of  a  spring.  The  number 
of  rotations  of  B  in  a  given  time  is  proportional  to  the  time- 
integral  of  the  resolved  part  of  the  wind  in  one  direction  (say, 
north);  and  the  number  of  rotations  of  C  is  proportional  to 
the  time-integral  of  the  resolved  part  of  the  wind  in  a  direc- 
tion at  right  angles  to  the  first  (say,  west). 

Let  n  be  the  angular  velocity  of  the  disk  A;  w,  &)'  the 
angular  velocities  of  the  wheels  B,  C;  m,  m'  the  number  of 
their  rotations  in  a  given  time  t\  h  their  radius,  a  the  length 
of  the  bar ;  6  the  angle  between  the  direction  of  the  wind  and 
(say)  the  north;  then  hco  =  a  sin  6  .Q,  and  hco' =  a  cos  6  .  D.; 
and  the  integrals  required  are 
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*  Communicated  by  the  Physical  Society,  liaving  been   read  at  the 
Meeting  on  Jmie  10, 1882, 
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Therefore  m,  m'  are  proportional  to  the  required  integrals. 

Each  slider  niioht  carry  a  train  of  wheels  to  record  the 
number  of  rotations ;  or  an  electrical  arrangement  might  be 
made  in  which  each  wheel  should  complete  a  circuit  at  each 
rotation  and  the  number  of  contacts  should  be  recorded.  In 
the  latter  case,  as  no  distinction  is  preserved  as  to  the  direc- 
tion in  which  the  wheels  revolve,  it  becomes  necessary  to  have 
four  circuits,  oue  for  each  cardinal  point,  with  a  recorder  in 
each,  and  to  have  one  connected  with  each  arm  of  the  cross. 

A  working  model  of  the  instrument  above  described  was 
exhibited  at  the  Meeting,  and  was  fitted  with  an  electrical 
arrangement  such  as  I  have  mentioned. 

I  have  since  discovered  that  the  slits,  sliders,  and  bar  above 
described  may  be  replaced  by  a  train  of  cogged  wheels.  (Fig.  4 
represents  the  upper,  and  fig.  5  the  under  surface  of  the  train.) 
A  bar  turns  in  a  horizontal  plane  about  0,  and  is  kept  in  the 
direction  of  the  wind.  This  bar  carries  three  wheels,  H,  K,  L, 
having  the  same  axis.  The  length  of  the  bar  from  one  pivot 
to  the  other  is  supposed  to  be  an  inch  and  a  half.  The  wheels 
H,  K  are  rigidly  connected;  and  L  lies  between  them  and  turns 
independently.  H  and  K  are  1  inch,  and  L  is  3  inches  in 
diameter.  •  L  rolls  on  the  inner  edge  of  P,  and  H  rolls  on  the 
inner  edge  of  Q,  the  diameters  of  P  and  Q  being  6  and  4 
inches  respectively.  Two  wheels,  M  and  N,  whose  diameters 
are  2  inches,  are  carried  by  the  wheel  L,  and  have  their  centres 
at  the  exti'emities  of  a  diameter  of  L.  M  and  N  are  in  the 
same  plane  as  K,  and  are  therefore  touched  by  it.  As  the  bar 
rotates,  M  and  N  move  without  rotation,  and  their  centres 
move  in  straight  lines  passing  through  0  at  right  angles  to  one 
another,  and  are  at  a  fixed  distance  apart,  and  have  the  line 
joining  them  bisected  by  the  bar,  which  is  the  direction  of  the 
wind.  Hence  M  and  N  maybe  used  to  carry  the  wheels  B,  C 
(fig.  1 )  instead  of  their  being  carried  by  the  sliders  F  and  G. 

XXIY.  On  the  Eff'ect  iqyon  the  Ocean-tides  of  a  Liquid  Suh- 
strcdum beneath  the  Earth's  Crust.  B>/  the  Eev.  0.  Fisher, 
3I.A.,  F.G.S.'' 

(1)  T  ^  '^  work  which  I  have  lately  published,  entitled  '  Physics 

J-     of  the  Earth's  Crust '  f,  I  have  maintained  the  theory 

that  the  crust  is  thin,  and  floats  in  equilibrium  upon  a  slightly 

*  Commimicated  by  the  Author, 
t  MacmilUms,  1881. 
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denser  substratum  of  molten  rock,  the  elevations  on  the  sur- 
face of  the  crust  being-  clue  to  compression,  and  being  sup- 
ported through  flotation  by  corresponding  protuberances  (which 
I  call  "roots  of  the  mountains  ")  projecting  downwards  into 
the  denser  liquid — a  mode  of  support  long  ago  suggested  by 
Sir  G-.  B.  Airy  *. 

The  most  formidable  difficulty  in  the  way  of  this  theory  has 
been  said  to  be  the  necessary  occuiTence  of  tides  in  such  a 
substratum;  and  it  has  been  thought  that,  the  crust  being 
carried  up  and  down  in  sympathy  with  the  substratum,  the 
ocean-tides  would  be  almost  entirely  masked,  and  that  there 
would  be  no  appreciable  rise  and  fall  of  the  water  relatively 
to  landf. 

The  explanation  of  the  difficulty  which  I  had  offered  in  the 
book  itself  was,  that  the  tides  in  the  substratum  would  involve 
a  horizontal  transference  of  fluid  backwards  and  forwards, 
and  might  be  expected  to  be  of  small  amplitude,  owing  to  the 
viscosity  of  the  substance  and  to  its  confinement  beneath  the 
crust  X'l  Slid  I  felt  so  convinced,  from  geological  considera- 
tions, that  the  substratum  must  be  at  least  plastic,  if  not  liquid, 
that  I  did  not  think  it  needful  to  go  further  into  the  question. 
But  in  consequence  of  the  weight  of  authority  by  which  this 
objection  has  since  been  enforced,  I  have  been  induced  to 
examine  it  more  closely,  and  to  endeavour  to  discover  what 
indications,  if  any,  the  ocean-tides  might  be  expected  to  give 
of  the  existence,  or  otherwise,  of  such  a  substratum. 

(2)  The  "  canal  theory  "  of  the  tides  appears  to  be  the 
most  suitable  to  solve,  in  a  general  way,  the  question  at  issue; 
for  what  Ave  have  to  do  is  to  investigate  the  motion  of  layers 
of  liquids  (the  substratum  and  the  ocean)under  the  influence 
of  tide-producing  forces. 

An  article  upon  the  tides  by  Mr.  D.  D.  Heath  appeared 
in  this  Magazine  §  in  18(>7.  He  intimates  that  it  was  founded 
upon  Airy's  treatise  in  the  EncyclopfMcUa  Metropolitana.  I 
shall  take  the  lil^erty  of  adopting  the  introductory  paragraphs 
of  his  analysis,  merely  changing  a  symbol.  The  liquid  is 
treated  as  "  confined  to  a  narrow  channel  running  round  the 
equator,  supposing  the  moon  vertical  over  it  and  moAing  uni- 
formly in  her  orbit,  so  that  her  apparent  motion  will  be  also 
uniform  and  somewhat  less  than  that  of  the  carth^s  rotation." 

"  §  3.  And  first  as  to  the  geometrical  characteristics  of  a 
fluid  wave  uniformly  propagated  westward  at  any  rate  (a). 

*  Phil.  Trans.  Roy.  Soc.  vol.  cxlv.  p.  101. 

t  '  Nature/  vol.  xxv.  p.  423, 1882  ;  also  New- York  '  Nation/  June  15, 
1882 

X  "'  Physics  of  the  Earth's  Crust,'  p.  23. 

§  Fourth  Series,  vol.  xxxiii,  p.  165,  March  1807. 
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"  Taking  any  point  on  tlu>  equator  as  origin^  lot  .>;  measure 
the  longitude  [linear]  westward  of  any  other  point,  and  let 
K  be  the  mean  depth  of  the  water  [or  liquid]  and  ?/  the  small 
elevation  of  the  surface  above  the  level  at  x  as  a  definite 
moment  of  time. 

"  For  the  wave  to  be  propagated  with  a  persistent  form 
and  at  the  rate  a,  the  height  at  .r  must,  in  a  time  dt,  change 
from  y  to  the  value  which  y  now  has  at  a  distance  adt  behind 
it,  or  x—udt  from  the  origin;  that  is, 

^-^dt  +  &c.=  —  ^-f  adt  +  &c. 
dt  dos 

or 

Tt-"  "TU^ .     •     .      (A) 

And  if  this  relation  exist  everywhere  between  the  differential 
coefficients,  the  condition  will  be  fulfilled  for  finite  intervals. 

"  Not  only  the  heights,  but  every  other  measure  or  mark  of 
disturbance  must  be  propagated  ouAvards  at  the  same  rate,  if 
the  wave  is  to  have  a  permanent  character;  so  that  if  v  be  the 
average  forward  velocity  of  the  particles  in  a  vertical  section 
at  X,  we  must  have 

|  =  -«| (B)" 

It  is  assumed  in  Mr.  Heath's  paper,  and,  I  believe,  usually, 
that  K,  the  depth  of  the  canal,  is  '^  but  a  very  few  miles."  This 
assumption  is  avoided  in  what  follows,  not  being  compatible 
with  the  problem  we  have  to  solve  ;  for  although  it  will  appear 
that  the  assumption  that  k  is  small  might  have  been  made, 
yet  this  could  not  have  been  readily  foreseen. 

(3)  The  assumptions  which  will  be  made  are : — That  the 
horizontal  velocity  of  all  the  particles  of  water  in  a  vertical 
column  are  the  same;  that  the  vertical  and  horizontal  veloci- 
ties are  small,  and  that  the  elevation  or  depression  of  the  sur- 
face above  or  below  the  mean  level  is  also  small ;  so  that  pro- 
ducts of  these  quantities  and  of  their  derivatives  may  be 
neglected. 

From  this  it  follows  that,  expressing  partial  differential 
coefficients  bv  brackets,  since 

dv       /dv\   .   /dv 
Tt 


"(77)'  ^PPi'oximately; 


dv      /dv 
Tt 
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and 

Henceforth  the  brackets  will  bo  omitted. 

y 


SR 


Q 


« 


a  tn. 


(y 


Let  Or  be  the  mean  level  of  the  surface, 
0  0'  be  the  depth  of  the  canal  =/Cj 
OM  =  A', 

Let  ic  be  the  vertical  velocity  of  the   liquid  at  Z  at  the  time 
i,  and  in  the  time  dt  let  the  surface  rise  from  P  Q  to  R  S. 

Then  the  volume  of  liquid  which  enters  Q  Z  in  the  time  dt 
is 

v{jc ^ry  —z)dt  -f-  w  dx  dt  ; 

and  that  which  goes  out  is 

v'{ic^y'—z)dt, 
v'  and  y'  being  the  values  of  r  and  y  at  x  4-  (/.'.',  or 

u  +  -r-  dx.  &c. 
dx      ' 

And  their  difference  is  SP,  or 

'^dxdf. 
dt 

Therefore,  neglecting  the  products  vy  and  v'l/ ,  we  get 

dv  .         -.      dxi 
10 -{k—z)=:    -^ 


dx 


dt 


^fy 


It  is  obvious  that  when  c  =  0,  then  w  =  0,  and    j   is  not  a 


function  of  z  :  whence  the  two  relations, 

dv  _  dy 
dx      dt'   ' 


(1) 


of  a  Liquid  Snhstrafum  beneath  the  Earth'' s  Crust.       217 

and  dv  ... 

"""^-dx' ^-> 

But  we  know  (A)  that  ^=  —  «^. 
^    ^  dt  dx 

Wherefore  from  (1), 

dv  _a  dy  ^ 
dx  K  dx' 
dw  _       u  d'^y 


Z   ' 


J         7     2*5 

dx  K  dx 

and  also  « 


K 


y (3) 


By  the  same  reasoning  as  that  by  which  we  have  concluded 

that  —  =  —«-,-,  Ave  likeM'ise  conclude  (B)  that 
di  dx^ 


die  _        dw 
_  a'^  dy 


dt  ""  dx' 


(4)  The  equations  of  fluid  motion  in  two  dimensions  will 
be, /a  being  the  density  and  jo  the  pressure  at  Z: — 

•     •     •     (1) 

...     (2) 


1  dp 

p  dx 

^     dv 

=  ^-dt 

dv 

—  V          - 
dx 

dv 

1  dp 
p  dz 

rr         dw 
=  ^          dt 

dw 

dx 

dw 

In   our  problem  p  is  constant.     Considering  a  tide   formed 

over  a  rigid  bottom,  the  horizontal  forces  are  the  difference 

between  the  moon's  horizontal  attractions  at  the  point  x,  z, 

and  in  a  parallel   direction   at   the   earth's  centre,    and  the 

friction. 

q   '\T 

The  moon's  differential  horizontal  attraction  is  —  -^-j^  sin  2a>, 

M  being  her  mass,  a  the  earth's  radius,  D  the  moon's  mean 
distance,  and  co  the  longitude  west  of  the  moon's  meridian. 
It  will  be  negative,  because  it  acts  in  an  easterly  direction. 
Call  it  — yu,  sin  2(w. 

The  horizontal  friction,  if  taken  as  proportional  to  the  velo- 
city V  of  the  liquid  (which  is  true  of  low  velocities),  /  beino- 

the  coefficient  of  friction,  is  fv,  or  (by  (3)  of  §  3),  /-  y.    When 
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y  is  positive,  or  the  liquid  flowing  westward,  this  force  acts 
eastward,  and  rice  versa;  so  that  its  sign  is  always  opposite  to 

that  of  j/.     It  will  therefore  be  expressed  by  — /  -^/.  Hence 

X= —/x  sin  2to—/-?/; 

also  Z  =  —  y. 

Therefore,  neglecting  the  small  products,  and  substituting  for 

-;-  and  -r-  the  values  lately  found,  the  equations  are  reduced  to 
dt  dt  ^  '  1 

■1  dp  .     ,  „a.  o?  dii  ,^ . 

- -/- = —/Asm  2&)— /^  -  V4 r-'       •       •     •     (1) 

p  dx  '^  '    K"^       K  dx  ^  ^ 

.p  dz  ^      K  dx?  ^  ^ 

Integrating  (2),  and  taking  the  integral  from  0  to  ~,  we 
obtain 

^,,  =  a(«  +  ,-.)+|g((.+y)^--); 

.*.  differentiating  with  respect  to  .r,  and  neglecting  the  small 
products, 

1  dp  _    dy       o?K  cVy 

pdx~^d~c'^^dx^' 

If  there  should  be  a  floating  crust  of  any  kind  capable  of 
adapting  itself  freely  to  the  wave,  the  pressure  arising  from 
this  cause  must  be  added  to  j^  I  but  it  disappears  when  diffe- 
rentiated. 

Hence,  putting  aco  for  x,  and  equating  the  values  of  -  -^, 

the  differential  equation  to  the  wave-surface  is 

.a         /        a-\l  di/       aCK  cPii  .     „ 

'  K-^      V       kJ  a  doi       2a^  dof         ^ 


Assume 


w 


here 


y  =  A  cos  2(0  — B  sin  2co, 
y=s/A:^~W  cos(2o)  +  28), 

tan  28=  X" 
A 


And  we  find  /.(^ 

K 

tan  28= 5 —;     •     •  •     (3) 
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whence 

,j=  _ '^ ^  cos  28  cos  (2a) +  23). 

V       kJ        a- 

(5)  Suppose  c  to  be  the  maximum  value  of  ?y  when  friction 
is  not  taken  account  of.     Then 

afjb 


V''       kJ         a- 
And  the  maximum  value  of  y  when  friction  acts  will  be 

c''=ccos2S (4) 

Equations  (3)  and  (4)  show  that,  as  friction  is  increased,  28 
tends  towards  90°  or  8  towards  45°;  while  at  the  same  time  </, 
the  maximum  tide  above  mean  level,  diminishes  to  zero. 
Hence  as  friction  (or  viscosity)  increases,  the  vertex  of  the 
tidal  spheroid  moves  eastward,  the  ellipticity  of  the  tidal  sphe- 
roid simultaneously  decreasing,  until,  when  friction  is  infinite, 
its  vertex  reaches  45°  east  of  the  moon,  and  the  tide  disappears 
altogether.  The  same  general  result  appears  from  Mr.  Dar- 
win's table  (p.  16)*  to  hold  good  in  the  case  of  bodily  tides, 
if  there  should  be  such  in  the  earth. 

(6)  We  notice  that  our  result  is  iiidependent  of  the  density 
of  the  liquid,  and  that  the  weight  of  a  floating  crust,  if  con- 
sidered flexible,  would  not  affect  it — the  reason  being  that 
such  a  crust  would  aid  in  depressing  the  hollows  just  as 
much  as  it  would  hinder  the  elevation  of  the  ridges.  It  would 
have  an  effect  analogotis  to  an  additional  load  to  the  bob  of 
a  pendulum. 

The  coefficient  of  k  in  the  denominator  of  the  expression  for 
c  shows  that  the  term  may  be  neglected,  although  k  itself  be 
not  small.  For  a  is  the  space  over  which  the  wave  travels  in 
one  second,  while  a  is  the  radius  of  the  earth. 

Neglecting  this  term,  c  and  likewise  c'  are  positive  or  nega- 
tive according  as 

o 

a, 
K>  or  <  — 


9 


9 

a 


Consequently;  when  k<  —  there  will  be  low  tide  under  the 

*  "  On  the  Bodily  Tides  of  Viscous  and  Semi-elastic  Spheroids,  and  on 
the  Ocean- Tides  upon  a  yielding  Nucleus,"  Phil.  Trans.  Roy.  Soc.  part  i. 
1879. 
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moon,  anclAvhen  k>  —  there  will  be  high  tide  under  the  moon. 

In  the  case  of"  the  semidiurnal  tide  —  is  about  12  miles. 

When  K=  —  the  result  fails;  for  c  becomes  infinite,  which 
9 
is  contrary  to  the  assumptions  on  which  the  solution  has  been 

obtained. 

(7)  Let  us  now  look  to  the  eflfect  of  a  tide  in  the  crust  of  the 
earth  upon  the  ocean-tide,  to  see  whether  the  tide  formed  in  a 
liquid  substratum  would  so  far  diminish  the  ocean-tide  that  the 
observed  amount  of  the  ocean-tide  would  disprove  the  existence 
of  a  liquid  substratum.  The  manner  in  which  such  a  dimi- 
nution of  the  ocean-tide  would  be  produced  in  an  extreme  case 
appears  thus: — Suppose  that  the  earth  were  liquid,  and  that 
there  were  an  extensible  film  within  it  at  a  depth  from  the 
surface  equal  to  the  ocean  depth.  Then,  on  the  equilibrium 
theory,  the  entire  sphere  would  be  deformed  as  a  whole,  and 
the  measurable  tide  would  be  merely  the  excess  of  the  defor- 
mation at  the  surface  bej^ond  that  at  the  depth  at  which  the 
film  lay;  which  excess  would  be  inappreciable. 

In  considering  this  question,  it  is  necessary  to  take  account 
of  the  attraction  upon  the  ocean  of  the  part  of  the  tidal  earth- 
spheroid  exterior  to  the  sphere  to  which  it  is  tangential.  The 
problem  has  been  worked  out  by  Mr.  G.  H.  Darwin  in  part  ii. 
of  his  paper  "  On  the  Bodily  Tides  of  a  Yiscous  Spheroid"*. 
He  considers  the  moon  as  moving  uniformly  in  the  equator 
and  raising  tide-waves  in  a  narroAv  equatorial  canal.  The 
greatest  range  of  the  bodily  tide  is  taken  as  2E;  and  it  is  sup- 
posed to  be  retarded  after  the  passage  of  the  moon  by  an 

angle  ,t'  which  corresponds  to  S  in  this  paper.     The  expression 

at  which  he  arrives  for  the  motion  of  the  wave-surface  of  the 
ocean  relatively  to  the  bottom  of  the  canal  (observing  that  he 
measures  the  ordinate  downwards  instead  of  upwards  as  I 
have  done),  when  the  symbols  are  replaced  by  those  here 
used,  becomes 

^+  ^.^2"^  |(^cos2S-|i/E)cos(26)  +  2S) 


-f  ^sin  28  sin  (2a) +  28)  I . 


The  apparent  tide  relatively  to  land  can  therefore  be  written, 
*  I'liil.  Traus.  lioy.  Soc.  part  i.  1879,  p.  22. 
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putting,  as  before,  ^(^^^^^^^ 

h  =  c<  cos  2&)  —  ^  —  cos  (2a)  +  2S)  V  • 
To  find  its  maximum  height  put  ^r-=0; 

.-.  0  =  c-!  —  sin2co+  -p  ^cos(2w  +  2S)  >. 
(.  b  ajjb        ^  J 

Squaring,  and  adding,  and  calling  the  high  tide  H,  ^ve  have 

from  ^vhich  the  diminution  of  the  ocean  high  tide  by  the  earth- 
tide,  or  e  — H,  can  be  found, 

(8)  The  canal  theory  of  the  tides  is  doubtless  less  applicable 
to  the  fortnightly  than  to  the  semidiurnal  tide.  jSTevertheless 
a  certain  fortnightly  tide  would  be  raised  in  an  ecpatorial 
canal ;  and  since  we  are  seeking  the  pro  rata  diminution  only, 
and  not  the  absolute  height  of  the  tide,  we  may  assume  that 
this  result  will  be  applicable  to  the  fortnightly  tide  if  we  assign 
corresponding  values  to  the  symbols.  It  is  evident  that  the 
earth-tide  must  be  of  the  same  period  as  the  ocean -tide  which 
is  affected  by  it  :  so  that  H,  c,  and  E  will  belong  to  tides  of 
the  same  period. 

The  foregoing  equation  is  suitable  to  find  the  diminution  of 
the  ocean-tide  by  the  earth-tide,  whether  we  consider  the  tidal 
deformation  of  the  ocean-bottom  to  arise  from  a  bodily  tide  in 
a  non-rigid,  but  solid,  earth,  or  from  a  tide  in  a  liquid  layer 
beneath  the  crust,  and  of  a  depth  which  is  small  compared  with 
the  radius.  The  latter  is  the  theory  of  the  constitution  of  the 
earth  which  1  have  maintained  in  my  '  Physics  of  the  Earth's 
Crust,'  and  against  which  the  tidal  argument  has  been  held  to 
present  a  formidable  objection.  It  is  therefore  with  this  sup- 
position that  I  am  concerned.  The  canal  theory  of  the  tides, 
dealing  with  a  layer  of  liquid,  seems  to  be  the  suitable  one 
upon  which  to  estimate  the  deformation  of  the  crust  through  the 
tide  in  the  liquid  substratum — that  is,  to  give  the  value  which 
we  ought  to  assign  to  E.  Let,  then,  i)  be  the  tide  which  would 
be  formed  in  such  a  substratum  were  it  of  uniform  depth, 
perfectl}'  liquid,  and  frictionless.  Then,  from  what  has  been 
already  ]»roved, 

E  =  77  cos  28. 
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Now 

a/jb  K 

"=7 ■ 


\  r//  a^  CI 


Substitutino-  for  E,  and  observing  that  —divides  out,  we  have 

^  q  ^ 

(.  5  a^  «^  a- \.         5  a}      ^k-u-I   ) 

(J  a' g'  rj         a' g 

This  expression  is  therefore  applicable  to  find  the  diminution 
of  an  ocean-tide  of  any  period,  if  we  give  a  corresponding 
value  to  a,  because  the  moon's  force  is  not  involved  in  it*. 

(9)  The  theory  of  "  mountain-roots,"  described  at  the  com- 
mencement of  this  paper,  requires  that  the  Hquid  substratum 
should  be  at  least  about  60  miles  deep.     Now  if  a  be  the  velo- 

city  of  the  semidiurnal  tide,  —  is  about  12  miles.      Hence  k 

will  be  at  least  five  times  — .     And  if  we  omit  the  considera- 

g  2    2 

tion  of  friction,  then  cos  2S  =  1,  and  —  —  is  very  small,  so  that 

The  semidiurnal  tide  Avould  therefore,  under  these  circum- 
stances, be  diminished  to  one  half. 

If  the  de])th  of  the  suljstratum  were,  say,  120  miles,  the 
tide,  when  friction  is  neglected,  would  be  diminished  by  f,  or 
it  would  have  \  of  its  undiminished  value. 

(10)  But,  no  doubt,  friction  would  have  a  very  considerable 
effect  upon  a  tide  of  short  period  in  such  a  substance  as  molten 
rock,  confined  both  above  and  below  between  a  rigid  nucleus 
and  the  floating  crust.  The  factor  cos'-^  25  would  therefore 
greatly  lessen  the  term  expressing  the  diminution  of  the 
tide.  The  mountain-roots  likewise,  following  the  contour  of 
the  land  masses  of  the  globe,  would  so  confuse  the  tidal  phe- 
nomena, both  in  the  substratum  and  in  the  ocean,  that  little 

*  "  If  Q  be  the  moon's  or'bital  velocity,  and  I  tlie  inclination  of  tlie  plane 
of  the  orbit  to  the  earth's  equator,  then  the  part  of  the  tide-gencratiug 
potential  on  which  the  fortnightly  tide  depends  is 

%  —  ivr^-  sin- 1(^  -  cos^  B)  cos  2Q<," 
8  c' 

where  m  is  the  moon's  mass,  c  her  distance,  to  the  mass  per  unit  of  volume 
of  the  earth,  ;•  the  radius  vector,  and  6  the  colatitude  (Dar^Nnn,  "  On  the 
Bodily  Tides,'"  &c,,  he.  cit.  p.  15). 


of  a  Liquid  Suhsli'aium  beneath  the  Earth^s  Crust.       223 

reliance  can  be  placed  upon  the  above  estimates.  It  is,  how- 
ever, necessary  to  remark  that  all  the  accidents  to  which  I 
have  referred  would  tend  to  diminish  the  earth-tide,  and  to 
lessen  the  consequent  diminution  of  the  ocean-tide,  and  so  to 
weaken  any  argument  against  the  theory  of  a  liquid  sub- 
stratum derived  from  the  circumstance  that  a  diminution  of 
the  semidiurnal  tide  has  never  been  detected. 

(11)  It  appears,  however,  to  be  chiefly  upon  the  fortnightly 
tide  that  reliance  is  placed  for  answering  the  question  whether 
the  earth  is  riorid  or  not,  because  friction  and  the  interference 
of  continents  Avill  have  a  much  smaller  effect  upon  that  slow 
tide.  Now  the  fortnightly  tide  in  an  equatorial  canal  would 
have  a  velocity  of  about  54  feet  per  second.  If  Ave  substitute 
this  value  for  «,  neglecting  the  effect  of  friction,  and  putting 
/c=60  miles,  we  obtain 

H  =  c'xO-6. 

If  we  use  a  larger  value  for  k,  the  result  will  be  but  little 
affected. 

(12)  The  effect  of  friction  would  not  altogether  disappear 
even  in  the  case  of  the  fortnightly  tide  ;  and  the  supposed 
mountain-roots,  which  appear  to  be  a  necessary  accompani- 
ment of  a  liquid  substratum,  would  still  interfere  with  the  for- 
mation of  the  tide,  and  diminish  the  value  of  E,  and  lessen  tho 
diminution  of  the  ocean-tide. 

Suppose,  then,  that  if  there  were  no  friction  in  the  sub- 
stratum, the  ocean-tide  would,  as  shown  above,  be  diminished 
to  0*6  of  its  undiminished  value.  Let  us  inquire  what  the 
coefficient  of  friction  in  the  substratum  would  need  to  be  to 
bring  the  ocean-tide  up  to  0*7  of  its  undiminished  value.     Xow 

H  =  c{l -  §77  cos2  28(2 -i  v)}  nearly. 

Hence  the  diminution  varies  as  cos^  28.     By  our  supposition 

1-0-7 


or 

Now  (§  4) 


1-0-6 
28=30°. 

fax' 


cos^  28, 


tan  28  = 


and  a',  the  equatorial  velocity  of  the  fortnightly  tide,  —  54-28 
feet  per  second;  /c=  60x5280  feet;  and  (6=209x10'  feet; 
r/  =  32*2  feet.     From  this  equation  we  find 

/=0-0178  tan  28, 
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And  if  28  =  30°, 

/=0-010316, 
=  iqL  nearly. 

What  is  meant  by  such  a  coefficient  of  friction  may  be  thus 
realized.  Mr.  Heath  remarks  that  it  is  only  necessary  to  con- 
sider the  friction  on  the  bottom  of  the  canal.  The  effect  is 
assumed  to  be  to  check  equally  all  the  liquid  in  each  vertical 
column,  as  if  it  were  all  directly  subject  to  the  action  of  the 
bottom  (and  of  the  crust  at  the  top  also  in  the  case  of  the 
substratum).  This,  as  he  says,  "  can  hardly  be  true,  though 
probably  the  resulting  calculation  exhibits  something  closely 
resembling  the  case  of  nature  ;  for  it  is  the  aferage  forward 
velocity  on  which  the  form  of  the  wave  depends."  But  it 
seems  to  me  that  the  reciprocatory  nature  of  the  motion  of  the 
liquid  will  nearly  confine  the  eifect  of  friction  to  the  two  sur- 
faces, because  scarcely  will  the  retardation  have  been  propa- 
gated far  before  it  will  be  reversed  in  direction.  The  case 
will  be  somewhat  analogous  to  the  propagation  of  seasonal 
variations  of  temperature  into  the  earth^s  surface. 

We  have  then,  integrating  the  equation 

dv 
di=-J'^ 

1,  ,   C 
t=  ~,  h.l.  —5 

/  ^' 

where  C  is  the  initial  velocity.  Whence,  if /■=0*01,  such  an 
amount  of  friction  would  reduce  the  velocity  to  one  half  in 
100  X  h.l.  2,  or  GO'3  units  of  time.  For  instance,  if  a  stream 
of  the  material  were  flowing  over  level  ground  with  a  velocity 
of  one  mile  an  hour,  it  would  be  reduced  to  half  a  mile  an 
hour  in  69'3  hours.  As  the  layer  of  liquid  may,  from  what 
has  just  been  said,  bo  likened  to  a  solid  layer  whoso  upper  and 
under  surfaces  are  lubricated  by  a  sufficient  thickness  of  the 
liquid,  this  would  seem  to  be  a  low  degree  of  viscosity  for  such 
a  substance  as  molten  rock. 

In  the  ease  of  the  semidiurnal  tide  «  =  1520  feet  per  second; 
and  if  we  put/=  0-01, 2S  will  be  about  87°,  and  cos'-' 2S  =  0-0024. 
This  factor  will  render  the  diminution  of  the  ocean-tide  prac- 
tically inappreciable. 

(13)  The  final  result  therefore  is  that,  ujion  the  canal  theory 
of  the  tides,  if  there  be  a  liquid  substratum  of  60  miles  or 
more  in  depth  beneath  the  crust,  and  resting  on  a  rigid 
nucleus,  upon  the  supposition  (of  course  impossible)  that  the 
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substance  is  perfectly  -without  friction,  the  fortnightly  ocean- 
tide  in  an  equatorial  canal  would  be  reduced  to  about  0"6  of  its 
calculated  amount.  It  would  require  a  coefficient  of  friction 
of  O'Ol  to  bring  this  tide  up  to  0*7  of  its  calculated  value.  But 
the  same  amount  of  friction  would  have  so  oreat  an  effect  in 
reducing  the  semidiurnal  tide  in  the  substratum,  that  the 
ocean-tide  of  that  period  would  not  be  perceptibly  affected. 
This  is  entirely  in  accordance  with  the  a  priori  reasoning  sug- 
gested in  my  book,  as  referred  to  at  the  beginning  of  this 
article.  Without  friction,  however  (a  condition  impossible  in 
nature),  the  semidiurnal  tide  would  be  reduced  to  one  half  its 
calculated  value. 

Should  then  observations  on  the  fortnioiitly  tide  lead  to  the 
conclusion  that  it  is  reduced  to  someAvhere  about  U'7  of  its  cal- 
culated value,  it  would  appear  that  such  a  result  would  on  the 
canal  theorj  agree  perfectly  well  with  the  theory  of  a  liquid 
substratum  upon  a  rigid  nucleus.  And,  further,  under  these 
circumstances  no  appreciable  diminution  of  the  semidiurnal 
ocean-tide  could  be  expected. 

The  entire  range  of  the  fortnightly  tide  at  TenerifFe,  upon 
the  supposition  of  a  rigid  earth,  would  be,  according  to  Sir 
William  Thomson,  4'5  inches*. 
August  12,  1882. 

XXV.    On  the  IHmensions  of  a  Magnetic  Pole  in  the  ElectrO' 
static  System  of  Units.     By  J.  J.  Thojison. 

To  the  Editors  of  the  Philosojjhical  Magazine  and  Journal. 

Trinity  College,  Cambridge, 

Gentlemen,  August  21st,  1882. 

1  INFER  from  Prof.  Clausius's  letter  in  the  last  Number 
of  the  Philosophical  Magazine  that  he  has  misunderstood 
my  position  with  regard  to  the  question  of  the  dimensions  of 
a  magnetic  pole  in  the  electrostatic  system  of  units.  I  did 
not  attempt  to  show  that  Maxwell's  value  was  in  accordance 
with  Ampere's  theory  as  Prof.  Clausius  interprets  it,  but  en- 
deavoured to  show  that  Maxwell's  value  was  the  necessary 
consequence  of  the  principles  laid  down  in  his  treatise ;  and 
to  point  out  what  modification  of  Ampere's  theory  these  prin- 
ciples lead  to.  From  what  Prof.  Clausius  says  about  Ampere's 
theory  being  independent  of  electrodynamic  considerations, 
it  would  seem  that  he  understands  the  theory  to  state  that  every 
small  magnet  is  an  electric  current,  and  not  that  the  magnetic 
effects  of  every  small  magnet  may  be  represented  by  those  of 
*  Natural  Philosophy,  §  845,  ed.  1867. 
Phil.  Mag.  8.  5.  Vol.  14.  No.  87.  Sept.  1882.  Q 
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an  electric  current,  since  tliis  statement  is  onl)'  intelligible  ori 
electrodynamic  considerations.  The  theory  in  this  form  seems 
rather  hypothetical  for  the  foundation  of  a  system  of  units. 
Prof.  Clausius  does  not  think  it  ohjectionable  that  his  formula 
for  the  magnetic  force  between  two  poles  is  not  in  the  electro- 
static system  of  units  of  the  dimensions  of  a  force.  But  since  the 
attraction  between  two  poles  is  as  much  a  force  as  the  attraction 
of  the  sun  on  the  earth,  if  the  expression  mm'  /  r^  is  not  of  the 
dimensions  of  force  on  the  electrostatic  system,  it  is  clear  that 
this  formula  no  longer  represents  the  force  between  two  poles, 
and  that  another  factor  must  be  introduced  to  make  the  ex- 
pression of  the  right  dimensions.  Now  it  is  one  of  the  great 
advantages  of  Maxwell's  system  that  all  his  formulee  are  true 
as  they  stand,  and  do  not  require  the  arbitrary  introduction  of 
a  factor  on  passing  from  one  system  of  units  to  another;  these 
factors  introduce  themselves  naturally  through  symbols  repre- 
senting some  physical  property  of  the  body  or  medium.  As 
Maxwell  does  not  dwell  on  this  point  in  his  book,  I  may  be 
pardoned  if  I  quote  a  few  illustrations  of  it. 

Using  the  notation  of  Maxwell's  treatise,  the  force  between 

two  electrified  particles  =  — r„  where  k  is  the  specific  indue- 

tCt 

tive  capacity  of  the    substance.      Now  in   the  electrostatic 

system  the  dimensions  of  e  are  (M^L-T"'),  and  k  is  of  no 
dimensions  in  inass,  space,  and  time.     In  the  electromagnetic 

system  the  dimensions  of  e  are    M^L^,  and  k  is  of  dimensions 

L~^T-.  Thus  in  both  these  systems  the  expression  ee'  /  kt"^ 
is  of  the  dimensions  of  force ;  and  the  factor  changing  from 
the  one  system  to  the  other  makes  it  appearance  in  the  k. 

The  same  thing  is  ti'ue  for  the  force  between  two  magnetic 
poles.  The  expression  for  the  force  is  mm'  /  /xr^,  where  /x  is 
the  magnetic  permeability  of  the  substance.  In  the  electro- 
static system  m  is  of  dimension  [M^L^],  and  /x  of  dimensions 
[L~^T^];  in  the  electromagnetic  system  «?  is  of  dimension 
[MsL^T"'],  and  /x  of  no  dimensions;  thus  in  both  systems 
the  expression  mm' / /xv'  is  of  the  dimensions  of  force.  Other 
illustrations  might  be  given;  but  the  reader  can  easily  verify 
the  statement  that  in  Maxwell's  sj'stem  every  equation  is  true 
as  it  stands;  and  consequently,  whenever  we  have  a  purely 
dynamic  effect,  the  expression  for  it  will  be  of  the  same  di- 
mensions in  both  systems  of  units. 

I  am,  Gentlemen, 

Your  obedient  servant, 

J.  J.  Thomson. 
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4  new  Form  of  Magnetic  Torsion-balance  and  Magne- 
tometer.    Dii  FREDERICK  John  Smith*. 


Fig. 


IN  the  torsion-balance,  such  as  used  by  Coulomb  to  measure 
magnetic  forces,  two  jioles  of  the  suspended  magnet  are 
acted  on.  The  end  the  author  has  had  in  view  is  so  to  place 
one  pole  of  the  suspended  magnet  thatit  shall  not  be  acted  on 
by  horizontal  pull.  A  magnet  of  rectangular  shape,  N  B  S, 
fig.  1,  having  a  brass  counter- 
weight A  B,  is  suspended  by  the 
filaments  C  D  so  that  the  south 
pole  is  in  the  axis  of  rotation  of 
the  whole  mass;  thus  the  magnet 
may  be  regarded  as  having  only 
one  pole  that  can  be  acted  on  by 
horizontal  force.  In  addition  to 
this,  a  little  mirror  is  so  placed 
on  an  axis,  0  M,  and  attached  to 
S  by  a  short  lever  P,  that  the 
ratio  of  the  deflection  of  N  to  the 
rise  of  the  whole  mass  is  at  once 
shown  on  the  scale,  E,  by  the 
usual  reflecting  method.  In  the 
magnetometer  for  determining 
the  pole-strength  of  magnets  the 
same  kind  of  rectangular  magnet  is  used,  attached  to  a  sino-le 
horizontal  wire,  A  B,  fig.  2  ;  the  magnet  is  furnished  with  a 
mirror-scale  and  lamp. 


A 


3N 


M 


NPS,  rectangular  magnet;  S,  mirror;  R,  scale  and  lamp. 
The  instrument  is  used  thus:— The  weight  at  Q  and  ihQ  mag- 
net N'  S'  being  removed,  the  magnet  NFS  is  set  in  a  hori- 
zontal position  by  means  of  the  torsion-wire  ;  then  a  known 
weight,  Q,  is  placed  at  M,  MF  =  PN,  and  the  deflection  on 
the  scale  is  recorded  ;  then  the  weight  is  i-emoved,  and  the 
*  Communicated  by  the  Author. 
Q2^ 
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same  deflection  produced  by  bringing  up  the  N  pole  of  the 
magnet  W  S'.  The  magnets  are  made  of  equal  pole-strength 
and  tested  in  the  usual  manner;  the  distance  between  them  is 
taken  in  centimetres,  the  weight  Q  being  in  parts  of  the 
o-ramme.     In  the  formula  which  shows  the  relationship  be- 


^  ./ 


tween  magnetic  forces, /=—^—  (where  _/'=  force,  mvi'  pole- 
strengths,  d  distance  between  them ),  if  m  =  in'  as  in  this  instru- 
ment,  then /'= -^ ;  and  if  /  be  replaced  by  Q,g  (i-  e.  the 
numerical  value  of  the  weight  x  gravitation),  the  formula 
becomes  0^/=  4r  from  which  m  is  known  in  absolute  measure. 

With  the  pole-strength  thus  obtained  the  strength  of  other 
magnets  and  solenoids  can  be  readily  compared.     In  order  to 
secure  great  strength,  the  frame  which  carries  the  torsion-wire 
is  a  gun-metal  casting,  having  a  rib  at  the  back. 
Taunton,  July  27,  1882. 
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A  Treatise  on  the  Distillation  of  Coal-Tar  and  Ammoniacal  Liquor. 
By  Geokge  Lunge,  Ph.D.,  F.C.S.,  Professor  of  Technical  Che- 
mist ry  in  the  Federal  Polytechnic  Schiool,  Zurich.  London:  Van 
Voorst,  1882. 

jE.  LUjXGtE  is  so  well  known,  not  only  from  his  published 
investigations,  but  also  from  his  '  Treatise  on  the  Manufac- 
ture of  Sulphuric  Acid  and  Alkali,'  that  we  were  desirous  of  ascer- 
taining how  he  would  handle  the  subjects  of  coal-tar  and  ammoniacal 
liquor.  A  carefiil  examination  of  his  book  enables  us  to  prouounce 
most  favourably  upon  it ;  and  we  regard  it  as  a  very  valuable 
coniributiou  to  the  literature  of  coal-tar  and  its  derivatives. 

Dr.  Luuge  commences  his  work  by  a  preliminary  chapter  of  25 
pages  entitled  "  The  Origin  of  Coal-tar,"  in  which  he  discusses  the 
differences  between  the  tars  derived  from  peat,  browncoal,  bitu- 
minous coal,  and  real  coal,  and  also  the  effect  of  the  temperature 
at  which  the  coal  is  distilled  upon  the  resulting  products.  "We 
quite  coincide  with  the  author  that  the  system  well-m'gh  universally 
adopted,  of  squeezing  the  maximum  quantity  of  gas  out  of  the  coal 
and  letting  the  tar  come  out  as  it  may,  is  a  bad  system.  We  may, 
perhaps,  be  hardly  prepared  to  accept  the  dictum  recently  uttered 
at  the  annual  meeting  of  gas-managers  by  a  well  known  American, 
that,  before  long,  gas  will  become  the  "  residual "  and  coal-tar  the 
principal  object  in  the  carbonization  of  coal :  nevertheless  it  is,  we 
think,  indisputable  that  coal-tar  is  a  necessity  of  the  age,  and  will 
become  rapidly  of  greater  and  greater  value. 

In  Chapter  II.  a  table  is  giv  on   of  the  constituents  of  coal-tar. 
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This  table  is  the  most  comphMe  that  has  yet  beeu  published.  It  must 
be  remembered,  however,  that  it  includes  the  products  of  Boghead  and 
other  bituminous  shales  as  well  as  those  of  true  coals.  After  the 
table,  is  ghen  a  brief  but  sufficient  account  of  the  chemical  and 
physical  characters  of  the  principal  substances  mentioned  in  it. 
The  sketch  of  the  history  and  properties  of  benzene  is  very  com- 
plete, and  includes  a  clear  description  of  the  views  of  its  constitu- 
tion propounded  by  Kekule,  Claus,  and  Ladenburg.  The  author  is 
quite  right  in  saying  that  it  would  be  well-nigh  impossible  to  find 
one's  way  through  the  interminable  field  of  the  aromatic  compounds, 
if  Kekule's  theory  of  the  constitution  of  benzene  had  not  brought 
light  and  order  into  it. 

Chapter  III.  is  devoted  to  ''  The  Applications  of  Coal-tar  with- 
out Distillation."'  It  is  well  written  and  very  intei'esting,  and 
describes  the  various  attempts  that  have  beeu  made  to  utilize  it  for 
fuel,  varnishes,  &c. ;  it  is,  however,  becoming  too  valuable  for  these 
and  similar  methods  of  getting  rid  of  what  was  once  regarded  as  a 
nuisance. 

The  chapter  on  the  "  I'irst  Distillation  of  Coal-tar  "  is  so  minute 
that  there  is  even  a  section  on  the  "  Carriage  of  Coal-tar."  Even 
the  best  form  of  casks  is  discussed ;  and  we  are  informed  that 
"  Long  barrels  are  said  to  be  pulled  more  easily  than  those  more 
bellied."  Does  the  author  mean  I'olled  instead  of  •'  pulled  "  ?  The 
sentence  seems  rather  obscure.  The  distillation  of  tar  by  steam 
and  fire  is  fully  described ;  and  the  best  forms  of  stills,  condensers, 
and  rectifying  apparatus  are  illustrated  by  engravings. 

In  treating  of  Pitch,  the  manufacture  of  artificial  asphalt,  and 
of  the  so-called  asphalt-pipes  used  for  conveying  water,  acid,  air- 
blasts,  for  covering  underground  telegraph-wires,  &c.  &c.,  is  de- 
scribed, and  instructions  are  given  for  the  preparation  of  artificial 
fuel.  The  distillation  of  pitch  for  the  production  of  anthracene  oil  is 
fully  treated ;  and  engravings  are  gWen  of  Fenner  and  Versmann's 
apparatus. 

Chapter  VI.  is  devoted  to  the  workiug-up  of  the  anthracene  oil, 
which  is  effected  by  cooling  to  cause  the  solid  hydrocarbons  to  de- 
posit ;  the  whole  is  then  pressed,  and  the  liquids  are  returned  to 
the  heavy  oils,  or  employed  as  lubricants,  or  are  redistilled.  The 
solid  portion  constitutes  rough  anthracene,  and  may  be  sold  as  such, 
or  be  submitted  to  further  purification.  The  preparation  of  anthra- 
cene has,  however,  been  veiy  fully  treated  of  by  Auerbach,  whose 
excellent  treatise  has  been  translated  into  English,  and  is  in  the 
hands  of  every  one  interested  in  the  subject.  The  chapter  on  Creo- 
sote oils  is  a  valuable  one  ;  but  we  think  the  author  is  scarcely  suffi- 
ciently alive  to  the  comparatively  small  part  played  by  phenol  in 
the  preservation  of  wood.  Certain  it  is  that  long  after  the  phenol 
has  so  far  disappeared  that  it  is  almost  impossible  to  detect  it  even 
by  the  most  delicate  tests,  the  wood  continues  to  remain  sound  for 
many  years.  AVe  are  also  of  opinion  that  those  modern  specifica- 
tions for  creosote  oils  which  insist  that  no  naphthalene  shall  be 
deposited  at  40°  F.  have  been  issued  under  a  false  impression  of 
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v>]iat  coustitutes  a  good  creosote  oil,  and  would  exclude  oils  of  the 
lughest  preservative  character.  We  have  lately  examined  timber 
"pickled"  30  years  ago  with  creosote  oils  from  the  London  tar, 
and  ^\•hich  oils  when  cooled  to  40°  F.  yielded  a  very  large  amount  of 
naphthalene ;  and  yet  the  wood  remains  perfectly  sound  to  this  day. 

The  directions  for  the  preparation  and  estimation  of  pure  phenol 
(carbolic  acid)  are  very  minute,  and  include  the  results  of  the  most 
recent  \A-orkers  on  the  subject.  The  author  also  describes  the 
methods  of  prepariug  carbolic  soap  and  disinfecting  powders. 

The  chapter  on  Ammoniacal  Liquor  is  ^^•ell  written,  and  contains 
a  full  account  of  all  the  substances  contained  in  it ;  directions  are 
also  given  for  estimating  its  value,  and  for  Avorking  it  up.  This 
latter  part  of  the  'aork  is  fully  illustrated  with  engravings. 

In  conclusion,  we  congratulate  the  author  upon  having  produced 
a  work  which  is  absolutely  indispensable  to  all  manufacturers  of  coal- 
tar  products. 

Worhecl  Examination  Questions  in  Plane  Geometrical  Drawing. 
By  r.  E.  HuLME.  Longmans,  Green,  and  Co. :  London. 
This  work  consists  of  three  hundred  questions  taken  from  old 
examination  papers,  two  thirds  of  which  have  figures  correspond- 
ing to  them,  said  to  be  solutions  of  the  problems.  There  is  no  attempt 
at  classification  ;  on  the  contrary,  it  has  been  pnrposel}''  avoided  by 
the  author,  and  for  a  reason  with  which  we  do  not  hold.  There 
are  no  demoustrations,  and  in  most  cases  only  scant  directions  ;  and 
even  these  are  given  where  least,  and  omitted  where  most,  needed. 
Many  of  the  constructions  are  empirical,  and  incapable  of  being 
demonstrated  ;  hence,  from  a  mathematical  point  of  view,  they  are 
not  solutions  at  all.  Scale  Questions,  those  bugbears  of  Candidates 
for  Military  Examinations,  ought  to  have  been  collected,  and  com- 
plete solutions  of  typical  cases  given.  What  good  results  from 
answering  precisely  similar  questions  over  and  over  again  ?  Not- 
withstanding its  many  defects,  there  is  much  in  the  book  to  re- 
commend it.  The  questions  are  such  as  are  certain  to  be  encoun- 
tered in  "Woolwich  and  Sandhurst  papers  ;  and  the  constructions 
are  well  drawn  and  conveniently  placed  for  easy  reference. 

XXVII L  Intelligence  and  Miscellaneous  Articles. 

ON  THE  DURATION  OF  THE  PERCEPTION  OF  LIGHT  IN  DIRECT 
AND  INDIRECT  VISION.      BY  AUG.  CHARPENTIER. 

FTEE  various  experimenters,  I  have  sought  to  determine  the 
time  that  elapses  between  the  appearance  of  a  light  before  the 
eye  and  the  making  of  a  signal  by  the  subject  of  the  experiment  as 
soon  as  he  perceives  the  light.  There  was  interest  in  ascertaining  if 
the  duration  of  the  perception  was  different  for  the  centre  and  for 
the  excentric  portions  of  the  retina,  if  exercise  could  modify  that 
duration,  and  if  the  modificatiou  would  or  would  not  be  limited  to 
the  part  exercised. 

Eor  these  experiments  the  eye,  place  at  the  centre  of  a  Landolt's 
perimeter,  looked  into  a  large  box  lined  wlih  black,  in  the  bottom 
of  which  a  perforation  had  been  made,  about  1  square  ceutim.  in 
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section,  usucally  closed  by  a  plate  lined  with  i^lack,  which  plate, 
heavy  and  metallic,  was  retained  in  its  position  by  the  attraction  of 
au  electromagnet,  but  without  coming  into  immediate  contact  with 
the  latter,  so  that  as  soon  as  a  person  placed  behind  the  box  inter- 
rupted the  current  animating  the  electromagnet  the  stopping-plate 
instantly  fell  aud  disclosed  the  window  placed  befoi-e  the  eye  which 
was  under  experiment.  A  current  supplied  by  a  laboratory  G-ramme 
machine,  after  passing  through  the  electromagnet,  put  in  action  a 
small  Deprez  signal,  the  pen  of  which  left  its  trace  on  a  regis- 
tering cylinder  with  a  Eoucault  regulator.  The  signal  immediately 
announced  the  interruption  of  the  current,  and  consequently  the 
precise  moment  of  appearance  of  the  light.  Then  the  subject  under 
experiment,  directly  after  perceiving  the  light,  restored  the  current 
in  the  signal  through  a  derived  path,  by  pressing  on  a  spring  the 
index  finger  of  his  right  hand ;  precisely  at  this  moment  a  new  sign 
is  ti'aced  upon  the  registering  cylinder. 

The  interval  which  had  elapsed  between  the  interraption  and 
reestablishment  of  the  current,  measured  by  comparison  with  the 
vibrations  of  a  Marey  electric  chronograph,  indicated  directly  the 
time  which  had  been  I'equired  for  the  subject  to  perceive  and  signal 
the  liglit.  Por  shortness,  I  shall  call  that  time  simply  the  dura- 
tion of  the  luminous  perception. 

Here  are  the  principal  results  which  I  have  obtained  in  this  in- 
vestigation : — 

(1)  Eor  one  aud  the  same  person,  under  the  same  conditions, 
the  duration  of  the  perception  varies  from  single  to  double  without 
any  apparent  regularity.  But  if  in  one  and  the  same  experiment  the 
mean  of  a  sufliciently  large  number  of  successive  determinations  be 
taken  (ten  for  example),  a  duration  constant  during  the  whole  time 
of  the  experiment  is  found.  I  have  found  for  myself,  iu  direct 
vision,  a  mean  duration  of  0-13  second  with  daylight. 

(2)  The  duration  of  the  direct  perception  varies  according  to  the 
individuals.  I  have  seen  it  vary,  according  to  the  persons,  from 
0-09  to  0-15  second. 

(3)  The  duration  of  the  perception  is  sensibly  the  same  for  the 
right  and  for  the  left  eye  when  they  are  sound. 

(4)  The  duration  of  the  luminous  perception  is  notably  increased 
by  another  cerebral  occupation  imposed  on  the  subject  during  the 
experiment.  Thus,  when  he  speaks,  when  he  listens  attentively  to 
a  reading  or  a  discourse,  while  at  the  same  time  applying  himself 
to  the  experiment,  he  mast  have,  for  the  reaction,  OO-i  or  0-06 
second  more  than  before. 

(5)  The  duration  of  the  lumiuous  perception  is  always  more  con- 
siderable in  indirect  than  in  direct  vision  ;  it  is  more  considerable 
in  proportion  as  the  point  of  the  retina  struck  by  the  light  is  more 
distant  from  the  centre.  This  cannot  be  due  to  a  difference  of  sen- 
sitivity, since,  as  I  together  with  M.  Landolt  have  shown,  the  retina 
is  everywhere  nearly  equally  sensitive  to  light. 

(6)  The  difference  between  the  duration  of  indirect  aud  that  of 
direct  vision  showed  itself  especially  considerable  at  the  beginning 
of  our  experiments.     There  was  then  between  the  duration  of  per- 
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ception  for  the  centre  and  for  a  point  situated  SC  on  the  outer 
side  in  the  visual  Held  a  diiference  of  neai*lv  7  hundredths  of  a 
second.  That  difference  was  notably  lessened  by  repetition  of  the 
same  experiments  during  a  month  and  a  half ;  at  the  end  of  that 
time  it  was  not  more,  for  my  left  eye,  than  2  hundredths  of  a  second. 

(7)  If  exercise  attenuates  the  difference  of  duration  of  direct  and 
indirect  perception,  it  never  annihilates  it ;  so  that  the  first  con- 
stantlv  takes  place  more  rapidly  than  the  second.  The  influence 
of  exercise  asserts  itself  rapidly  from  the  first  sittings  ;  afterwards 
it  takes  effect  rather  slowly,  and  then  affects  direct  as  well  as  indi- 
rect vision. 

(8)  Having  established  at  the  commencement  that  the  duration 
of  perception  is  the  same  for  the  left  as  for  the  right  eye,  I  made, 
almost  every  dav  during  a  month  and  a  half,  fifty  determinations 
on  two  well-defined  points  of  my  left  eye  only,  excluding  all  other 
points  of  my  two  retinas.  I  thus  exercised  exclusively,  a  very 
great  number  of  times,  the  centre  of  the  L'ft  eye  and  the  point  of 
the  Ifft  retina  corresponding  to  80"  in  the  external  part  of  the 
visual  field  (the  internal  part  of  the  retina).  At  the  end  of  that 
time  I  could  estimate  the  influence  of  exercise  by  comparing  the 
duration  of  the  luminous  perception  on  the  same  points  in  the 
right  retina,  and  even  on  other  points  in  both  retinas.  That  dura- 
tion was,  for  the  centre  of  the  left  eye  0-129  second,  for  the  centre 
of  the  right  eye  (not  exercised)  0-143 ;  at  SO""  outside  for  the  left 
eye  the  duration  of  perception  was  0-160  second  ;  at  80'  outside,  for 
the  eye  not  exercised,  0-210  second.  Therefore  exercise  had  notably 
shortened  the  duration  of  the  reaction  of  the  points  experimented  on. 

(9)  I  wished  to  see  if  the  abbreviating  influence  had  extended 
over  the  left  eye  to  points  which  had  not  b)een  exercised.  Xow  the 
duration  of  the  reaction  ^vas  found  to  have  been  shortened  in  the  same 
'proportion  for  cdl  the  points  of  the  inner  half  of  the  left  retina  (the 
outer  side  of  the  visual  field),  hut  not  for  the  points  of  the  outer  half. 
Consequently  the  exercise  of  an  excentric  point  affects  the  different 
points  of  the  same  retinal  hemisphere,  but  not  those  of  the  other 
hemisphere. 

(10)  The  shortening  influence  had  extended  to  the  outer  hemisphere 
of  the  retina  of  the  right  eye,  while  the  inner  hemisphere  reacted  much 
more  sloiuhj  than  the  same  part,  exercised,  of  the  left  eye. 

These  facts  can  hardly  be  explained,  except  by  admitting  Wol- 
laston's  theory  respecting  the  incomplete  crossing  of  the  fibres  of 
the  optic  nerve  in  the  chiasma,  and  supposing  that  the  exercise  of 
one  part  of  the  retina  does  not  act  merely  on  that  part  itself,  but 
rather  on  the  whole  of  the  nervous  centre,  which  receives  both  the 
fibres  from  the  half  of  the  retina  containing  the  exercised  point  and 
the  fibres  from  the  half  on  the  same  side  of  the  opposite  retina. 

Most  of  these  experiments  were  simultaneously  made  by  my 
assistant  M.  Bernardy,  who  aided  me  throughout,  but,  unfortu- 
nately, being  able  only  to  utilize  the  right  eye  for  these  researches, 
did  not  control  points  8  and  10. — Comj^tes  Rendv^  de  V Academic 
des  Sciences,  July  10,  1882,  t.  xcv.  pp.  96-99. 
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AN  AIR-THERMOMETER  WHOSE  INDICATIONS  ARE  INDEPENDENT 
OF  THE  BAROMETRIC  PRESSURE.       BY  ALBERT  A.  MICHELSON. 

■The  appearance  of  au  abstract  of  a  paper  by  Petterssou*  on  a 
new  air-thermometer  has  led  me  to  publish,  sooner  than  I  had 
contemplated,  a  notice  of  an  instrument  far  simpler  and  more 
manageable  than  that  which  is  there  described,  and  which  likewise 
retains  the  important  advantage  of  giving  indications  which  are 
independent  of  tlie  external  pressure. 

The  instrument  consists  of  a  glass  bulb  and  stem,  the  former 
about  40  millim.  and  the  latter  about  2  millim.  in  interior  diameter. 
The  bulb  contains  dry  air  at  a  pressure  of  about  100  millim.  of  mer- 
cury; and  this  air  is  separated  from  the  upper  portion  of  the  tube 
by  a  column  of  mercury  about  100  millim.  in  length.  The  mercury 
remains  above  the  air,  notwithstanding  the  large  diameter  of  the 
bore,  o\\  ing  to  the  resistance  to  deformation  of  the  meniscus.  The 
space  above  the  mercury  is  a  vacuum. 

Thus  the  pressure  of  the  air  in  the  bulb  is  constant,  and  is  equal 
to  that  of  the  column  of  mercury  above  it.  If  the  bore  of  the  stem 
is  not  of  uniform  section,  the  length  of  the  column  will  change  ;  but 
this  length  is  easily  read  off,  and  gives  at  once  the  true  pressure. 

The  pressure  need  not  be  limited  to  100  millim.;  but  if  it  be  much 
greater  the  instrument  becomes  inconveniently  long. 

The  only  precaution  to  be  observed,  beyond  what  is  used  in  an 
ordinary  mercurial  thermometer,  is  that  the  stem  must  be  kept  ver- 
tical.— 8illiman"s  American  Journal,  August  1882, 

Case  School  of  Applied  Science, 
Cleveland,  0.,  July  5,  1882. 


ON  A  PROPERTY  OF  THE  ISENTROPIC  CURVE  FOR  A  PERFECT  GAS 
AS  DRAWN  UPON  THE  THERMODYNAMIC  SURFACE  OF  PRESSURE, 
VOLUME,  AND  TEMPERATURE.       BY  FRANCIS  E.  NIPHERf. 
The  equation  of  this  thermodvnamic  surface  is 

2JV  =  nT;    (1) 

where  j^,  v,  T  represent  the  pressure,  volume,  and  absolute  tempe- 
rature, and  where  H  is  directly  proportional  to  the  Aolume  of  a 
unit  mass  (or  inversely  proportional  to  the  density)  of  the  gas  at  a 
standard  temperature  and  pressure. 
By  differentiation,  (1)  becomes 

dp=^dT-  ^dv (2) 

V  v' 

For  convenience,  putting 

E.       4        RT      -r, 

— =A,     ^-=B, 

V  v 

(2)  becomes 

dj3=AdT-Bdi^ (3) 

1.  To  find  the  direction  of  maximum  slope  with  respect  to  the 
V,  T  plane  at  any  point  on  the  surface.     Por  this  purpose  pass  a 

*  Annalen  der  PJn/sik  vnd  Chemie  (Beiblatter),  Xo.  5,  1882. 

•j-  From  Trans,  of  St.  Louis  Academy  of  Sciences,  read  April  3,  1882. 
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plane  through  vaij  point  in  the  snrface,  and  at  right  angles  to  the 
V,  T  plane.     Its  trace  upon  the  v,  T  plane  is 

T=/3  +  flv,      (4) 

p  being  indeterminate,  \\'here  a  is  the  tangent  of  the  angle  which 
the  ti'ace  makes  with  the  v  axis,  or 

''="7!^'    " (^> 

From  (3)  and  (5)  we  have 

d2)=(Aa—B)dv (6) 

Calling  S  the  slope  of  any  element  of  the  intersection  of  the 

plane  and  the  surface,  dz  being  the  projection  of  the  element  on 
the  V,  T  plane,  we  have 

^_dp^         dp  ^ 

dz       Vc7v'+f?T"' 


which  by  (5)  becomes 

dv'  V 1 4- «' ' 
and  by  (6)  we  have,  further, 

S=  ^^^ (8) 

V 1  +  a- 

In  determining  the  direction  of  maximum  slope  at  any  point, 
it  is  evident  that  A  and  B  v\ill  be  constant,  which  gives  as  the 
required  condition, 

fZS  _  A+Ba  _^ 

or 

A 

Substituting  the  values  of  A  and  B,  we  have 

«=-7TT  =  -'-=^an^ (9) 

1  X' 

For  verv   low  pressures,   the  direction  of  maximum  slope-^ 

dz 

becomes  more  and  more  nearly  at  right  angles  to  the  plane  oi  p>,  v ; 

while  for  high  pressures  this  direction  becomes  more  and  more 

nearly  parallel  to  the  plane  of  p>,  ^-     The  direction  of  maximum 

slope  is  constant  along  a  line  of  constant  pressure. 

2.  To  find  the  direction  of  the  isentropic  line  at  any  point  on 
the  surface,  as  related  to  the  direction  of  maximum  slope  deter- 
mined in  (9). 

Poisson's  equation, 

Ty^-i=  const.,    (10) 

is  a  px'ojection  of  the  isentropic  line  upon  the  plane  of  v,  T,  where 
I-  is  the  ratio  of  the  specific  heats  =1'41. 

Calling  a'  the  tangent  of  the  angle  which  any  element  of  this 
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projection  makes  with  the  v  axis,  we  have 

,      clT      .       ., 
rt  =  -y-  =  tau  ^ . 

av 

This  value  of  a'  is  obtaiued  by  differentiating  (10),  and  is  found 
to  be 

^  =  -I(.-l)=_|(/.-l) (H) 

Here  also  the  condition  of  constant  pressure  gives  a  constant 
value  for  a'.  Hence,  at  any  point  along  any  line  of  constant  pres- 
sure, the  production  of  an  element  of  the  isentropic  line  upon  the 
V,  T  plane  makes  a  constant  angle  with  the  projected  line  of  great- 
est slope  at  the  same  point. 

From  equations  (9)  and  (11)  it  follows  that 

tauz  =  - :;   (12) 

tan  I  ^     ^ 

from  which  it  will  appear  that  for  either  very  high  or  very  low 
pressure  the  isentropic  line  runs  at  right  angles  to  the  direction 
of  greatest  slope.  The  condition  that  it  shall  coincide  with  the 
direction  of  greatest  slope  is 

tan  i=  V/.-— 1  =  — , 
P 
or  ,  E  ,,Q\ 

wJc—l 

For  air  this  pressure  is  about  3-2  millimetres  of  mercury ;  and 
for  other  gases  it  is  proportional  to  the  volume  of  a  unit  mass  at 
a  standard  temperature  and  pressure. 

The  thermodynamic  surfaces  of  various  gases  will  lie  the  one 
above  the  other,  those  having  the  largest  value  of  E  beiug  upper- 
most. If  we  now  substitute  the  value  of  p'  of  (13)  in  the  original 
equation  of  the  surface,  we  have 

v=  VA--1T,     (14) 

whieb  is  independent  of  E.  Hence,  for  all  gases  which  follow  the 
laAv  represented  in  (1),  the  lines  on  their  respective  surfaces,  where 
the  isentropic  lines  coincide  with  the  direction  of  maximum  slope 
(13),  will  all  lie  in  a  common  plane  passing  through  the  axis  of  P 
and  at  right  angles  to  the  plane  of  v,  T,  its  trace  upon  the  latter 
plane  being  represented  by  (14). 

If  the  gases  have  a  common  temperature  while  in  this  condition, 
(14)  shows  that  they  will  also  have  a  common  density,  which,  when 
T  is  273^,  will  be  0-000058  gramme  to  the  cubic  centimetre. 

It  will  be  observed  that  for  air  the  pressure  indicated  in  (13)  is 
practically  the  same  as  that  at  wliicli  Maxwell's  law  for  viscosity 
begins  to  fail.  This,  however,  is  a-  mere  coincidence.  The  two 
phenomena  have  nothing  in  common,  as  is  evident  both  from  theo- 
retical considerations  and  from  experimental  results. — Silliman's 
American  Journal,  August  1882. 
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ON  THE  INFLUEXCE  OF  THE  QUANTITY  OF  GAS  DISsOLYET>  IN  A 

LIQUID  UPON  ITS  SURFACE-TENSION.  BY  S.  WROBLEWSKI. 
It  has  loug  beeu  known  that  the  solution  iu  a  liquid  of  a  gas 
^A■hich  is  superposed  to  it  diminishes  the  tension  of  its  surface. 
M.  E.  Desains  observed,  twenty-five  years  since,  that  the  rise  of 
the  meniscus  terminating  water  at  its  contact  with  air  was  a  little 
less  than  that  formed  with  hydrogen,  and  a  little  greater  than  that 
formed  with  carbonic  acid — that  is  to  say,  that  it  was  lowered  in 
proportion  as  the  gas  was  more  soluble.  I  have  found  that,  in  all 
the  liquids  which  I  have  studied,  the  surface-tension  in  contact 
A\ith  air  is  a  little  greater  Ihan  in  contact  \\h\\  carbonic  acid.  Lastly, 
M.  Quincke  has  shown  that,  in  the  case  of  ammonia  and  hydro- 
chloric acid  (which  are  highly  soluble  iu  water),  the  diminution  of 
the  surface-tension  increased  with  the  quantity  of  gas  dissolved. 
On  the  other  hand,  a  number  of  cases  can  be  cited  in  which  the 
more  or  less  complete  absence  of  the  faculty  of  absorbing  gases  is 
always  accompanied  iu  a  liquid  by  relatively  great  surface-tension, 
and  conversely.  Thus  liquids  whose  coefficient  of  absorption  is 
considerable  (ether,  alcohol,  the  oils)  have  a  feeble  surface-tension. 
Saline  solutions,  which  absorb  much  smaller  quantities  of  gas  than 
water,  haAe  a  greater  surface-tension  than  the  latter  :  and  their 
tension  increases  with  the  quantity  of  the  salt  dissolved,  while  their 
capability  of  absorbing  gases  diminishes.  By  reduciug  the  surface- 
tension  of  Abater  by  the  addition  of  alcohol,  the  solubility  of  gases 
in  the  mixture  thus  formed  is  increased.  And  mercitry,  AAhich,  of 
all  liquids,  has  the  greatest  superficial  tension,  is  almost  incapable 
of  absorbing  gas. 

The  studv  of  the  correlation  between  these  two  classes  of  pheno- 
meua  may  be  commenced,  on  the  one  hand,  by  determining  the  laws 
governing  the  solubility  of  a  gas  in  a  liquid,  and,  on  the  other,  by 
measuring  the  sui-face-tension  of  a  liquid  iu  contact  with  a  gas,  the 
solubilitv  of  which  in  the  surface-layer  of  the  liquid  can  be  regu- 
lated at  pleasure  by  increasing  or  diminishing  the  pressure  upon 
the  gas.  These  experiments  are  so  much  the  more  easy  to  perform, 
as  the  saturation  of  the  sui-f  ace-layer  of  the  liquid  is  effected  instan- 
taneously, and  the  tension,  depending  only  on  the  condition  of  that 
layer,  follows  with  the  same  velocity  every  change  iu  the  pressure 
which  determines  the  value  of  that  solubiHty. 

Up  to  the  present  time  no  one  has  considered  the  question  in 
this  light.  On  the  contrary,  it  has  been  attempted  to  establish  a 
theory  of  liquids  which,  while  based  on  the  facts  which  militate  in 
favour  of  the  existence  of  that  correlation,  denies  the  correlation 
itself.  That  theory,  attribtiting  to  pressure  a  direct  influence  upon 
the  surface-tension,  leads  to  consequences  at  variance  with  the  facts. 
Thus  Kundt.  having  observed  that  the  height  to  which  a  liquid  as- 
cends in  a  capillary  tube  diminishes  in  the  same  proportion  as  the 
pressure  upon  the  gas  is  increased,  has  drawn  from  this  fact  the 
following  consequences : — 

There  is  an  influence  of  pressure  upon  surface-tension.  The 
observed  diminution  ought  to  be  regarded  as  a  tendency  of  the 
liquid  to  pass  into  the  gaseous  state.     If  the  compressiou  could  be 
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carried,  far  enough,  not  only  all  liquids,  but  solids  also,  such  as  salts, 
^^■ould  finally  be  reduced  at  ordinary  temperature  to  the  gaseous 
state,  as  takes  place  under  the  action  of  heat.  Finally,  at  a  little 
higher  temperature  (M.  Xundt  made  his  experiments  at  one  tem- 
perature only),  cohesion  being  diminished  by  the  increase  of  tem- 
perature, the  decrease  of  surface-tension  under  the  influence  of 
pressure  would  take  place  still  more  quickly. 

Having  recently  determined  the  solubility  of  carbonic  acid  in 
water  under  pressures  of  from  1  to  30  atmospheres,  I  proposed  to 
myself  to  make  evident  and  establish  the  correlation  of  these  two 
classes  of  phenomena.  Reserving  the  description  of  the  method 
employed  and  the  numerical  data  for  a  special  memoir,  I  Mill  only 
enunciate  here  the  results  of  my  experiments. 

Under  pressures  of  1-30  atmospheres^  there  exists  a  remarlcahle 
relation  between  the  laws  of  the  soluhilitij  of  carbonic  acid  in  water 
and  the  surface-tension  of  that  liquid.  That  i-elation  can  be  expressed 
thus : — 

1.  The  product  obtained  bij  multiplijimj  the  surface-tension  a  by 
the  pressure  P  under  tvhich  the  carbonic  acid  is  placed  is  proportional 
to  the  saturation-coefficient  S  corresponding  to  that  pressure — that  is, 

aP=AS. 

where  A  is  a  coefiicient  which  depends  on  tlie  temperature  and  in- 
creases with  it. 

According  to  the  first  law  of  the  solubility,  the  temperature  remain- 
ing constant,  _   decreases  in  proportion  as  the  pressure  increases*. 

Experiment  shows  that  the  decrease  of  a.  is  proportional  to  that  of 

S 

=p.     AVith  the  aid  of  this  relation  of  the  phenomena  of  capillarity, 

those  of  the  solubility  of  the  gas  can  be  calculated,  and  conversely. 

2.  The  pressure  remaining  constant  and  equal  ton  atmospheres  (n 
being  greater  thanl).  it  follows  from   the  laws  of  solubility  that  the 

ill-. 

quotient  -y^r decreases    with   the    lowering    of  the   temperature. 

(p)p=, 
Experiment  shows  that  in  this  case  the  ratio  _Zr_"  of  the  tensions  cor- 

responding  to  these  pressures  decreases  also. 

This  result  is  in  evident  contradiction  of  M.  Xuudt's  theory, 
since  the  lo\\ering  of  the  temperature,  instead  of  retarding  the 
decrease  of  the  surface-tension,  accelerates  it.  The  jjhenomena  are 
therefore  completely  independent  of  the  pi'essure,  and  depend  only 
on  the  state  of  saturation  of  the  surface  of  the  liquid — that  is  to 
say,  on  the  quantity  of  gas  dissolved  in  the  surface-layer. 

The  above  relation  does  not  end  at  the  pressure  of  30  atmo- 
spheres. The  solubility  increasing  less  quickly  than  the  pressure, 
tends  towards  a  certain  limit,  which  at  0^  seems  to  be  reached  at 

*  See  my  Note,  Comptes  Eendtis,  t,  xciv.  p.  1355. 
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the  momeut  of  the  liquefaction  of  carbonic  acid,  since  that  liquid 
does  not  mix  Tvith  water.  Experiment  shows  that  the  decrease  of 
the  siu"face-tensiou,  becoming  slower  with  the  increase  of  pressure, 
tends  also  towards  a  certain'limit,  which  at  0^  is  reached  under  the 
pressure  at  which  the  liquefaction  of  carbonic  acid  takes  place  ;  at 
that  instant  the  surface-tension  of  the  v>ater  is  reduced  to  about 
one  half  *. 

Bisulphide  of  carbon,  which  also  does  not  mix  with  liquefied  car- 
bonic acid,  behaves  in  a  similar  manner  in  contact  with  that  gas. 
The  decrease  of  its  surface-tension  also  takes  place  at  0°  much 
more  quickly  than  at  a  higher  temperature.  It  becomes  slower, 
and  ceases  under  the  pressure  of  liquefaction  of  the  gas. 

In  my  next  Xote  I  ^A■ill  show  that  the  phenomena  present  them- 
selves under  a  different  form  as  soon  as  we  have  to  do  with  a  liquid 
that  mixes  in  all  proportions  with  liquefied  carbonic  acid. — Coinptes 
Eendus  de  VAcademie  des  Sciences,  xA.ug.  7, 1882,  t.  xcv.  pp.  284-287. 


ON  THE  STRUCTURE  AND  MOVEMENT  OF  GLACIERS. 
BY  M.  F.-A.  FOREL. 

M.  F.-A.  Forel,  of  Merges,  Switzerland,  has  recently  published 
(Bibl.  Univ.  III.,  vii.  p.  329)  an  important  memoir  upon  glaciers, 
embodying  the   results  of  observations   by  himself  and  M.   Ed. 
Hagenbach-Bischoff,  with  a  discussion  of  these  results  and  also  of 
those  obtained   by   other  observers.     His  argument  rests  plainly 
upon  the  well-attested  fact  that  glacial  ice  has  a  distinctly  crystal- 
line granular  structure,  the  mass  being  composed  of  a  confused 
agglomeration  of  individual  crystals,  each  optically  distinct — and, 
moreover,  that  the  size  of  these  crystalline   gi-ains  increases  from 
the  upper  margin  of  the  glacier  at  the  limit  of  the  neve,  where  they 
have  the  size  of  a  hazel-nut,  down  to  the  middle  part,  where  the 
size  is  that  of  a  walnut,  and  further  down  to  the  extremity,  where 
they  are  as  large  as  a  hen's  egg.     For  example,  at  the  lower  extre- 
mitv  of  the  Aletsch  glacier,  or  that  of  the  Ehone,  the  grains  have  a 
diameter  of  7  or  8  centim.     In  regard  to  this  gradual  increase  in 
size  of  the  indindual  crystals,  the  author  remarks  that  two  suppo- 
sitions are  possible  :  either  the  growth  of  some  grains  must  go  on 
at  the  expense  of  others  less  favourably  situated,  one  gaining  what 
the  next  loses,  and  absorbing  as  much  heat  as  is  disengaged  by  the 
crystallization ;  or  each  grain  increases   in   size  by  means  of  the 
water  \^"hich  reaches  it  from  above  froni  the  surface  of  the  glacier. 
Of  these  two  hypotheses,  the  first  is  rejected,  on  the  grouud  that, 
wherever  observations  have  been  made,  they  have  shown  the  grains 
to  be  all  of  sensibly  the   same   size  in  the  same  region,  and  not  to 
be  some  small,  others  large,  as  this  explanation  would  require. 

Accepting  provisionally  the  second  hypothesis,  the  author  re- 
marks that  for  the  increase  in  volume  of  the  crystals  there  are 
needed  water,  cold,  and  favourable  contlitions.  About  the  last  point 
nothing  is  definitely  known  ;  but  the  others  admit  of  further  dis- 

*  The  case  in  which  one  of  these  two  liquids  is  superposed  to  the  other 
does  not  come  within  the  scope  of  this  communication. 
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cUssion.     The  water  is  believed  to  be  afforded  by  the  melting  of 
the  upper  surface  of  the  glacier  under  the  influence  of  the  heat  of 
summer.     This  water  ruus  over  the  surface  of  the  ice,  descends 
into   the   crevasses,   and,  if  it  be  admitted  that  the  ice  contains 
capillary  fissures  (a  point  which  is  discussed  later),  much  of  it  would 
be  absorbed  by  the  mass  of  the  glacier  and  used  in  increasing  the 
size  of  the  crystalline  grains  ;  the  rest  of  the  water  flows  off  in  the 
subglacial  torrent.     The  low  temperature  needed  for  the  solidifi- 
cation of  the  absorbed  water  is  believed  to  be  due  to  the  continued 
loss  of  heat  during  the  winter,  the  glacier  as  a  whole  being  a  mass 
the  tempei'ature  of  which  can  never  be  above  zero,  but  may  fall 
considerably  below.     The  question  as  to  the  mean  temperature  of 
the  ice  at  different  seasons  of  the  year  is  discussed  at  length  ;  and 
the  author   concludes,  for  a  variety  of  reasons  \\hich   cannot  be 
quoted  here,  that  the  middle  of  the  mass  of  the  glacier  has  probably 
a  temperature  at  the  end  of  the  winter  several  degrees  below  0°  C. 
This  excess  of  cold  would  be  partially  expended  in  causing  the  soli- 
dification of  the  water  which,  as  ah'eady  stated,  is  absorbed  into 
its  mass  and  thus  goes  to  increase  its  volume.    The  crystalline  grains 
are  therefore  to  be  conceived  as  growing  by  accretion,  successive 
layers  being  added  to  them  at  the  expense  of  the  water  derived  from 
surface-melting,  and  in  the  process  of  the  warming  of  the  glacier 
which  goes  on  during  the  summer. 

Assuming  the  correctness  of  the  results  of  Hugi  as  to  the  increase 
in  size  of  the  crystalline  grains — that  is,  in  brief,  that  they  increase 
from  a  diameter  of  1  to  one  of  4  centim., — taking  lOU  years  for  the 
time  of  their  development,  the  author  finds  that  the  anuual  increase 
in  volume  is  4|  per  cent.     Assuming,  further,  that  the  cold  of 
winter  is  all  employed  in  bringing  about  this  increase,  it  is  calculated 
that  the  hypothesis  advanced  is  satisfied  if  the  temperature  of  the 
glacier  descends  in  winter  to  — 6-8  C,  or  in  round  numbers  —7°  C. 
This  temperature,  the  correctness  of  which  is  obviously  dependent 
upon  the  accuracy  of  the  assumed  data  as  to  the  rate  of  increase  of 
volume,  is  too  low  to  be  accepted,  and  leads  to  the  inference  that  a 
part  of  the  increase  is  accomplished  by  a  process   different  from 
that  which  has  been  described.     Thus  at  the  end  of  the  summer  a 
considerable  portion  of  the  glacier  must  be  at  the  temperature  of 
melting  ice,  and  in  the  capillary  fissures  between   the  crystalline 
grains  there  must  be  water ;  now,  as  the  glacier  cools  down  in  the 
autumn,  the  first  effect  of  the  loss  of  heat  would  be  the  solidification 
of  this  water,  and  the  consequent  increase  in  size  of  the  crystalline 
grains.     Taking  into  account  this  last  point,  the  author  considers 
that  the  temperature  that  would  have  to  be  assumed  for  the  glacier 
at  the  end  of  the  winter  would  be  quite  within  the  range  of  pos- 
sibility. 

The  hypothesis  which  has  been  advanced  depends  upon  the  as- 
sumption that  the  water  can  find  its  way  into  the  interior  of  the 
glacial  mass  through  the  oapillai-y  fissures  separating  the  individual 
grains.  This  point  is  one  which  is  yet  somewhat  doubtful;  and 
the  author,  after  considering  the  various  observations  of  Agassiz 
and  others,  which  tell  for  and  against  the  possibility  of  such  a 
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peuetratiou  of  the  water,  discusses  the  question  from  a  more  theo- 
retical stauclpoiut,  aud  concludes  that  the  assumption  of  the  im- 
permeability of  the  glacier  is  contrary  to  fact.  He  promises,  further, 
to  malvc  this  a  special  subject  of  obse^^■ation  at  a  later  period. 

Ill  regard  to  the  cause  of  the  movement  of  glaciers,  31.  Porel 
places  himself  on  the  side  of  Hugi  and  Grad  in  supporting  the 
theory  of  expansion,  although  modifying  somewhat  their  hypo- 
thesis. On  the  old  dilatation  theory,  it  was  the  expansion  of  the 
water  contained  in  the  capillary  fissures  at  the  moment  of  their 
solidification  to  which  the  glacial  movement  was  supposed  to  be 
due.  According  to  the  ^  iew  of  M.  Forel,  however,  this  special 
expansion  plays  a  subordinate  part ;  and  it  is  rather  the  gradual 
increase  in  volume  of  the  crystalline  grain,  due  to  the  molecular 
affinity  which  causes  a  crystal  to  grow  in  the  mother-liquor  in  \\hich 
it  is  placed. 

In  discussing  further  the  application  of  the  hypothesis,  a  distinc- 
tion is  made  as  to  the  course  of  events  during  the  youth  aud  during 
the  old  age  of  the  glacier.  The  glacier  may  be  divided  into  three 
parts.  The  first  is  in  the  elevated  region  where  the  glacier  has  its 
commencement,  that  of  the  neve.  Here  the  heat  of  summer  is 
not  sufficient  to  melt  the  whole  volume  of  the  snow  which  falls 
during  the  year ;  only  a  part  of  the  snow  is  consequently  trans- 
formed into  water ;  and  this  penetrates  into  the  layers  below,  and 
is  solidified  there  :  the  temperature  is  much  below  the  freezing- 
point.  This  is  the  region  of  the  infancy  of  the  glacier.  Following 
this  comes  the  line  of  separation,  where  the  heat  of  summer  is  just 
sufficient  to  melt  the  winter's  snow,  aud  there  is  no  excess  of  heat 
to  attack  the  ice. 

The  second  stage  (that  of  the  youth  of  the  glacier)  is  found 
below  this  line  of  separation,  where  the  summers  heat  not  only 
melts  the  snow  but  also  partially  melts  the  ice  ;  the  water  so  formed 
is  absorbed  and  assimilated  by  the  ice  ;  and  the  temperature  below 
the  surface  is,  even  at  the  end  of  summer,  below  zero.  In  this 
region  the  glacier  is  increasing  in  volume,  and  consequently  moving 
dow  nward.  Theii  follows  a  second  line  of  separation,  where  the 
water  absorbed  is  all  used  in  the  increase  of  volume  of  the  glacial 
grain.  At  this  point  the  subglacial  torrent  has  its  origin  ;  and  at 
the  summer's  end  the  temperature  is  at  0°. 

The  third  stage  is  that  of  the  old  age  of  the  glacier,  where  the 
suppl}"  of  water  exceeds  that  needed  to  bring  the  temperature  of 
the  ice  back  to  0° ;  the  excess  of  water  flows  off  in  the  glacial 
streams.  The  temperature  of  the  ice  is  at  0''  during  the  summer  ; 
and  the  excess  of  the  summer's  heat  goes  to  cause  the  melting  aud 
destruction  of  the  glacier. 

In  concluding  his  interesting  memoir,  tlie  author  promises  to  test 
his  hypothesis  by  further  observations  and  experiments,  bearing 
especially  upon  the  questions  as  to  the  comparative  size  of  the  crys- 
talline grains  in  the  different  parts  of  a  glacier,  and  as  to  the  possi- 
Ijility  of  the  penetration  of  the  surface-water  into  the  mass  of  the  ice. 
— hJilliman's  Araerimn  Journal.  August  1882. 
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XXIX.  Notes  on  Practical  Electncitij.     By  R.  H.  M.  Bosan- 
QUET,  Felloio  of  St.  Johns  College,  Oxford. 

ri^HE  work  I  have  had  in  hand  for  some  time  past  has  been 
-L  the  design  and  construction  of  clock-regulated  uniform- 
motion  machines.  As  to  these,  I  will  only  say  that  the  con- 
structions formerly  described  by  me  have  been  entirely 
superseded  by  a  new  design.  This  is  not  yet  in  a  state  of 
sufficient  forwardness  for  description,  and  I  propose  to  reserve 
it  for  another  occasion.  The  working  of  these  machines  is 
dependent  on  the  application  of  a  considerable  amount  of 
electrical  power.  After  seeing  the  Paris  exhibition  I  decided 
that  in  all  probability  a  dynamo  machine  would  be  a  better 
source  for  laboratory  purposes  than  batteries,  which  are  in 
my  opinion  a  nuisance,  and  subject  to  most  serious  defects 
when  used  on  the  large  scale.  I  accordingly  set  up  an  A 
Gramme  machine.  I  also  have  made  a  set  of  accumulators. 
The  practice  of  the  employment  of  these  instruments  for 
ordinary  purposes  gives  rise  to  numerous  points  of  interest; 
and  I  propose  to  give  a  short  account  of  my  experience. 

The  laboratory  steam-engine  is  able  to  supply  sufficient 
power  to  give  a  powerful  electric  light  from  the  machine.  I 
take  it  that  under  these  circumstances  about  2|  horse-power 
are  absorbed  altogether.  The  nominal  horse-power  of  the 
engine  is  2.  It  is  scarcely  sufficient  to  develop  the  full 
power  of  which  the  dynamo  is  capable  ;  but  for  laboratory 
purposes  it  is  quite  sufficient. 

Phil.  Mag.  S.  5.  Vol.  14.  No.  88.  Oct.  1882.  R 
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The  A  Gramme  machine  has  four  electromagnets,  two  above 
and  two  below,  whose  axes  are  in  one  plane.  In  the  same 
plane  is  the  axis  of  the  Gramme  ring  armature.  The  resis- 
tance of  the  machine  is  about  1"2  ohm. 

The  magnet-wires  are  directly  connected  with  the  armature- 
brushes;  and  the  terminals  receive  the  wires  after  each  has 
passed  through  two  magnets.  Consequently  all  currents  have 
to  pass  through  both  magnets  and  armature,  thus: — 

Maenet Armature Mao-net 


Magnet  Magnet 


Terminal  Terminal 

For  purposes  Avhich  will  be  presently  described,  it  was 
found  necessary  to  be  able  to  separate  the  magnets  from  the 
armature.  The  wires  were  therefore  cut,  by  which  means 
the  following  combinations  were  obtained  : — 


r 


—  Magnet-terminals  — i 

Magnets— j-Armature— Magnets 

Armature-terminals 
and 

I —  Magnet-terminals  — i 

I Magnets 1 


I — • Armature" 


Armature-terminals 


J 


in  which  last  arrangement  the  magnets  are  separately  excited. 
There  are  other  forms,  which  will  be  described  presently. 

The  resistance  of  the  magnet  circuit  is  about  'lb  ohm. 
That  of  the  double  course  through  the  armature  is  therefore 
about  '45  ohm,  the  total  resistance  being  taken  at  1"2. 

The  terminals  are  marked  +  and  —  respectively.  When 
the  machine  is  acting  in  correspondence  with  these  indications, 
I  call  it  "  straight,"  and  the  upper  pole-piece  attracts  the  un- 
marked end  01  a  compass-needle.  The  residual  magnetism 
is  very  strong.  I  think  the  whole  of  the  solid  part  is  probably 
made  of  cast  iron. 
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When  the  polarity  gets  reversed  from  any  cause,  I  call  it 
"  reversed."  In  this  case  the  upper  pole-piece  attracts  the 
marked  end  of  a  compass-needle. 

The  directions  of  currents  and  rotation  deserve  some  at- 
tention. 

The  machine  is  driven  in  the  direction  opposite  to  that  of 
the  hands  of  a  watch,  regarded  from  the  pulley-end.  It 
gives  currents  in  the  one  or  the  other  direction  according  as 
it  is  "straight"  or  "reversed."  This  is  obvious;  for  with 
reversal  of  the  current  both  field-magnets  and  armature  are 
reversed,  and  the  attractions  which  have  to  be  overcome  in 
doing  the  work  remain  the  same. 

When  a  current  is  sent  through  the  machine  from  a  battery, 
it  always  turns  in  the  direction  opposite  to  that  in  which  it  is 
driven  by  the  engine  ;  for  whichever  way  the  current  goes 
the  attractions  are  the  same  as  in  the  former  case,  and  as 
these  are  overcome  by  the  engine  in  that  case,  it  is  clear  that 
they  tend  to  turn  the  machine  in  the  opposite  direction  to  the 
engine.    . 

When  the  machine  is  driven 
by  a  battery,  with  the  hands  of 
a  watch  from  pulley-end,  it  is 
necessary  so  to  adjust  the  brushes 
that  their  ends  may  not  catch 
in  the  commutator.  I  turn 
up  the  ends  of  a  spare  pair  of 
brushes,  and  apply  them  to  the 
commutator  in  this  manner. 

Otherwise  the  machine  can  be  caused  to  turn  in  its  normal 
direction  when  driven  by  a  current,  by  reversing  the  connex- 
ions between  armature  and  magnets  ;  this  is  made  possible 
by  the  cutting  of  the  wire  above  described.  The  arranoement 
may  be  formulated  thus: — 


Armature 


Magnets 


Terminal 


Magnets 


Terminal 


The  machine  is  constructed  for  driving  one  arc  lio-ht. 
Although  this  is  not  a  matter  with  which  I  am  directly  S)n- 
cerned,  the  normal  conditions  may  be  of  interest: — 

R2 
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Serrin  lamp. 

Revolutions  about  900  per  minute. 
Current  about  20  amperes. 

Difference  of  tension  between  lamp-terminals   about    40 
volts. 
These  are  the  highest  values  obtained  under  favourable  cir- 
cumstances. 

Accordino;  to  these  numbers  the   resistance  of  the   arc   is 
about  2  ohms;  that  of  the  machine  and  connexions  is  about  1  'b. 
This  corresponds  to  800  volt-amperes,  or  rather  more   than 
1  horse-power,  in  the  light  itself  (1  horse-power  =  746  volt- 
amperes). 

We  observe  here  that  little  more  than  half  the  power  ex- 
pended is  developed  in  the  lamp. 

Circuits  of  High  Resistance. 

Suppose  I  take  a  single  British  incandescent  lamp  (150 
ohms  cold,  and  about  80  ohms  hot),  the  machine  only  just 
raises  it  to  a  red  glow,  though  a  speed  of  as  much  as  2000 
revolutions  per  minute  be  employed.  The  current  developed 
is  much  less  than  1  ampere. 

Here  the  high  resistance  kills  down  the   current,  and  pre- 
vents the  proper  excitation  of  the   field-magnets.     Hence  the 
advantage  in  this  case  of  machines  in  which  the  magnets  form 
a  shunt  circuit  of  high  resistance.      It  is  easy  to   excite  the 
Gramme    machine    by    putting    the    magnets    into    a    shunt 
circuit  with  a  suitable  resistance;  but  if  a   resistance-Avire  be 
employed,  the  power   developed  in  heating  it  is   wasted.     I 
have  therefore  in   many  cases  adopted  the  plan   of  putting 
useful  work  into  the  shunt-circuit  of  the  magnets.     This  may 
sometimes  with  advantage  consist  of  a  number  of  incandes- 
cent  lamps  in  parallel  circuit.      Substituting  for  this  a  certain 
number  of  accumulator-cells,  we   have  the   origin  of  a  useful 
method  which  I  call  charging  in  balanced  circuit,  to  which  I 
shall  return. 

Galvanometers. 

The  galvanometers  I  employ  were  made  in  the  laboratory. 
They  are  of  a  simple  character,  but  quite  sufficient  for  practical 
purposes.     There  are  three  of  them. 

Tension  Galvanometer. — A  circular  wooden  channel  about 
•11  m.  radius,  wound  with  wire  of  which  1  metre  =  roughly 
10  ohms.  Resistance  =  2900  ohms.  This  had  its  constant 
determined  by  reading  the  current  from  9  Daniell's  cells, 
which  are  taken  as  representing  10  volts.  Resistance  of 
Daniell's  cells  determined  and  allowed   for.     For  high  ten- 
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sions  a  further  resistance  of  5000  ohms  is  interpolated  in  the 
galvanometer  circuit.  Brass  dial  3  inches  in  diameter  divided 
to  degrees.  Short  steel  needle  with  long  pin-points.  50° 
on  the  galvanometer,  with  the  5000  ohms  external  resistance, 
corresponds  very  nearly  to  50  volts.  Other  readings  by  the 
tangent-law. 

Two  Quantiti/  Galvanometers. — These  consist  each  of  a  ring 
of  gun-metal,  'll  m.  radius;  the  conductors  leading  to  them 
are  copper,  and  of  tube-and-core  form;  brass  dials,  and  steel 
needles  with  long  pin-points  as  before. 

When  dealing  with  large  currents  I  placed  a  steel  magnet 
under  one  of  these,  so  as  to  convert  it  into  a  high-quantity 
instrument.  Its  constant  was  ascertained  by  sending  the 
same  current  through  both  instruments,  the  one  without  the 
magnet  reading  as  a  tangent  galvanometer  in  absolute  mea- 
sure. 

Measures. 

Although  numerous  measures  of  dynamo  machines  have 
been  published,  the  laws  of  any  given  machine  cannot  as 
yet  be  predicted;  and  a  few  measures  are  given,  which  are 
sufficient  to  illustrate  the  general  course  of  the  performance 
of  this  machine  under  different  circumstances. 

First,  we  will  consider  the  cases  where  the  governor  was 
used.  This  may  be  taken  to  give  840  revolutions  in  all  cases, 
except  where,  the  resistance  being  3  ohms  or  less,  the  leverage 
against  the  engine  was  such  as  to  reduce  the  speed  materially. 


Resistance  in  parallel  circuit 

Tension  between 

1      1  ■  1  ^~\  >'\  ^  ^  r  r 

with  lamp. 

terminals. 

v^uaniit^ 

ohms. 

volts. 

amperes, 

7 

24-5 

3-8 

6 

31-4 

5-5 

5 

37-9 

7-6 

4 

41-0 

10-5 

With  lower  resistance  the  speed  cannot  be  maintained  with- 
out taking  the  governor  off.  In  considering  the  total  electro- 
motive force  developed,  of  course  the  whole  resistance  of  the 
circuit  must  be  considered.  The  resistance  of  machine  and 
connexions  may  be  taken  at  1*5.  Then,  multiplying  the 
current  by  the  whole  resistance,  we  should  have  the  total 
electromotive  force. 

The  work  of  Meyer  and  Auerbach  leads  for  a  given  speed 
to  equations  of  the  form  0  =  aE—b,  where  6  is  an  angle 
whose  tangent  is  the  measure  of  the  current,  and  E  the  total 
electromotive  force.     I  used  the  expression  at  first  as  it  stands; 
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but  now  I  think  it  better  to  eliminate  E  as  follows: — Putting 

E  =  CR,   the  above    form    gives    CR=  or  R  =  — -rr, 

where  R  is  the  resistance  of  the  circuit,  C  the  current,  and  6 
the  angle  of  a  tangent-galvanometer  by  which  the  current  is 
measured. 

To  apply  this  to  the  above  observations,  we  find  the  follow- 
ing values  of  the  total  resistance,  current,  and  0: — 

K.  c.  e.  R  =  '^- 

7-9  3-8  50°.  7-9 

7-0  5-5  60  7-3 

6-2  7-6  67i  6-2 

5-3  10-5  73"  5-1 

(When  calculating  the  resultant  resistance  of  the  parallel 
circuit,  we  notice  that  it  should  be  the  same  as  the  quotient  of 
the  observed  tension  by  the  current.  It  does  not  differ  in 
any  case  by  more  than  one  or  two  tenths  of  an  ohm.  This 
is  sufficient,  considering  that  no  special  accuracy  was  aimed 
at.  Further,  it  must  be  remembered  that  the  wires-  of  the 
resistance  are  nearly  or  quite  red-hot  under  these  circum- 
stances, so  that  some  discrepancy  is  to  be  expected.) 

Calculating  R  from  the  formula 

it-     ^      , 

we  obtain  the  numbers  in  the  last  column. 

This  result  is  tolerably  satisfactory;  but  it  is  of  little  prac- 
tical use  where  the  motor  employed  is  a  steam-engine  capable 
of  considerable  variations  of  speed.  With  a  gas-engine,  or 
other  motor  of  very  constant  speed,  the  above  method  of  find- 
ing the  approximate  resistance  for  a  given  current  would 
probably  be  useful. 

But  with  my  engine,  when  the  governor  is  not  used,  the 
speed  adapts  itself  to  the  work  to  be  performed;  so  that,  with- 
in considerable  limits,  the  only  things  to  be  considered  are  the 
amount  of  steam  turned  on  and  the  work  to  be  done.  To 
illustrate  this  I  will  quote  a  series  of  experiments,  in  which 
the  object  was  to  maintain  the  tension  necessary  for  a 
"  British  "  incandescent  lamp,  which  is  about  80  volts,  with 
different  resistances  in  parallel  circuit. 

The  least  resistance  with  which  this  tension  can  be  main- 
tained is  5  ohms.  It  is  easily  seen  that  the  resulting  external 
resistance  here  is  nearly  four  times  that  of  machine  and  con- 
nexions; so  that  the  total  E.M.F.  Avould  require  to  be  100 
volts,  roughly,  to  get  80  between  the  terminals.     For  smaller 
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external  resistances  the  total  required  would  be  larger  ;  and 
this  cannot  be  obtained.  The  load  on  the  engine  is  heavy; 
full  steam  is  required  ;  and  the  speed  is  moderate. 

Increase  the  5  ohms  to  6,  leavino^  the  steam  as  before.  The 
engine  runs  faster,  and  the  required  difference  of  potential  is 
kept  up  with  about  the  same  head  of  steam. 

Increase  to  7  ohms.     Similar  eflf'ect. 

Increase  to  10  ohms.  The  engine  runs  very  fast;  but  the 
required  difference  of  potential  is  still  easily  maintained.  Of 
course  here  the  total  E.M.F.  required  is  decidedly  lessened. 

As  the  resistance  increases  beyond  this  point,  the  speed  re- 
quired to  maintain  a  difference  of  potential  of  80  volts  becomes 
too  great  for  convenience,  and  by  the  time  it  reaches  20  or 
30  ohms  it  becomes  impossible. 

In  view  of  this  power  of  accommodation,  the  question  as  to 
the  precise  resistance  required  to  produce  a  given  current  at 
a  given  speed  becomes  of  little  practical  importance. 

The  explanation  of  the  power  of  accommodation  is,  roughly, 
as  follows.  The  total  E.M.F.  is  to  be  supposed  constant.  In 
the  preceding  experiments  it  is  not  quite  so,  being  100  volts, 
about,  with  the  5  ohms,  and  90  or  so  with  the  10.  But  the 
conditions  of  constancy  can  be  realized;  for  with  the  10  ohms 
I  kept  up  the  difference  of  potential  of  the  terminals  to  90  volts 
for  some  time,  this  corresponding  to  about  100  volts  total 
E.M.F. ;  so  that,  in  fact,  this  condition  of  constancy  of  total 
electromotive  force  can  be  attained  through  a  certain  range 
with  a  little  attention. 

Then  the  current  developed  follows  Ohm's  law  throughout 
this  limited  range,  with  varying  resistances;  and  the  attraction 
between  the  magnets  and  armature  depends  on  the  current  in 
each;  so  that  a  rough  idea  of  the  course  of  the  values  may  be 
formed  by  assuming  the  attraction  proportional  to  the  square 
of  the  common  current  through  both  ;  and  this  is  the  reaction 
against  the  engine.  Consequently  as  the  resistance  in  circuit 
increases  the  current  diminishes  (Ohm's  law),  and  the  statical 
resistance  to  the  engine  diminishes,  as  we  suppose  for  the 
moment,  in  the  square  of  the  ratio  of  increase  of  resistance  in 
the  circuit.  Of  course,  the  real  values  of  the  attraction  depend 
on  the  magnetizations  of  magnets  and  armature  ;  but  the 
above  accounts  in  a  general  way  for  the  increase  of  speed  pro- 
duced by  introducing  additional  resistances  into  the  circuit. 
The  increased  speed  is  then  utilized  in  obtaining  the  same 
electromotive  force  from  the  diminished  current,  or  rather 
from  the  diminished  magnetization. 

It  will  be  readily  seen  how  importantly  this  power  of  accom- 
modation may  be  utilized  in  the  practical  treatment  of  such 
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a  question  as  the  variation  of  the  number  of  incandescent 
lamps  on  a  circuit.  Take  the  case  of  lamps  of  70  ohms. 
Then  7  of  these  in  parallel  circuit  constitute  a  resistance  of 
10  ohms,  and  14  one  of  5  ohms.  Between  these  limits  the 
tension  might  be  kept  nearly  constant  by  the  automatic  varia- 
tion of  speed  above  mentioned.  I  do  not  say  that  this  is  the 
best  way  of  attaining  the  result ;  but  with  means  such  as  I 
possess  it  is  a  valuable  auxiliary.  I  believe  as  many  as  25 
such  lamps  can  be  driven  from  the  A  machine ;  but  this  must 
require  far  greater  power  than  is  at  my  disposal. 

Accinanlators. 

I  have  made  21  cells  with  lead  plates  coated  with  red  lead, 
and  9  of  another  kind,  which  I  will  describe  presently.  In 
all  cases  the  plates  are  wrapped  in  canvas.  The  lead  I  em- 
ployed was  2  lb.  to  the  square  foot;  each  plate  is  about  a  square 
foot  in  size ;  and  the  red-lead  plates  have  1  lb.  of  red  lead  on 
each  surface.  The  tags  at  the  end  wore  left  rather  narrow. 
I  found  lately  that  all  the  tags  of  the  oxidized  plates  were  so 
eaten  away  at  the  surface  of  the  acid  that  they  had  to  be  re- 
placed. 1  now  use  lead  3  lb.  to  the  square  foot  for  oxidized 
plates;  the  tags  are  left  3  or  4  inches  broad,  and  they  are 
additionally  thickened  at  the  junctions  by  burning  on  a  piece 
of  lead  on  each  side  ;  they  are  also  varnished. 

These  cells  were  "  formed  "  by  charo-ino-  in  the  same  direc- 
tion  every  day  for  a  considerable  time.  The  maximum  effi- 
ciency was  reached  in  about  a  month,  after  which  no  further 
improvement  was  perceived. 

These  cells  do  not  pretend  to  the  excellence  which  is  said  to 
be  obtained  by  the  cells  of  the  Faure  Company.  If  left 
charged  for  any  time,  the  sulphuric  acid  is  rapidly  and  com- 
pletely absorbed,  leaving  the  water  quite  sweet,  and  consi- 
derable quantities  of  sulphate  of  lead  are  formed.  This  is 
slowly  decomposed  by  fresh  charging;  but  in  the  mean  time 
it  appears  to  isolate  large  portions  of  the  active  material,  and 
considerably  impairs  the  efficiency.  I  am  informed  thai  this 
local  action  does  not  take  place  with  the  cells  supplied  by  the 
Faure  Company.  The  red  lead  on  the  hydrogen  plates  becomes 
reduced  to  metallic  lead,  and  that  of  the  oxidized  plates  changed 
into  black  peroxide  *.  It  is  not  until  this  change  is  complete 
that  the  cells  attain  any  considerable  efficiency. 

*  I  am  indebted  to  Mr.  Fisher,  of  the  Oxford-University  chemical  labo- 
ratory, for  the  examination  of  samples  of  these  substances.  The  metallic 
character  of  the  reduced  substance  was  proved  by  amalgamation  with  mer- 
cm-y.  The  peroxide  contained  very  nearly  the  proper  quantity  of  oxygen, 
but  fell  a  little  short — not  more  than  would  be  explained  by  inevitable 
impurity. 
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The  cost  of  the  construction  is  very  considerable.  I  have 
little  doubt  that  they  have  cost  me  on  the  whole  as  much  as 
if  I  had  bought  them  at  the  very  high  price  charged.  But 
much  of  the  expense  could  have  been  avoided.  As  it  was,  the 
original  construction  cost  under  £2  per  cell.  About  half  the 
outlay  went  to  provide  the  wooden  cases  lined  with  lead.  If 
stoneware  jars  could  have  been  procured,  I  think  one  third  of 
the  original  cost  might  have  been  saved.  The  "  forming  ^'  of 
the  cells  with  the  small  power  at  my  disposal  was  expensive. 
I  have  not  estimated  the  cost ;  no  doubt  it  could  be  done  very 
much  more  cheaply  on  the  large  scale. 

The  best  return  I  have  ever  obtained  amounted  to  about 
one  half  the  power  expended.  This  was  obtained  after  a 
charge  of  short  duration,  the  cells  running  one  Swan  lamp. 
The  current  and  tension  were  measured  at  intervals.  The 
return  was  about  70  per  cent,  of  the  electrical  charge  taken, 
and,  as  I  judge,  about  half  the  total  power  expended.  But 
this  is  by  far  the  best  return  I  have  ever  obtained.  As  a  rule, 
the  return  is  only  a  small  fraction  of  the  power  expended. 

The  other  9  cells  are  made  with  amalgamated  plates  of  lead, 
and  "formed  "  by  charging  in  opposite  directions  in  the  manner 
practised  with  Plante  batteries.  These  have  less  capacitj-  than 
the  red-lead  cells,  and  are  troublesome  to  form  ;  but  on  the 
whole  I  am  inclined  to  prefer  them  for  laboratory  purposes 
to  home-made  red-lead  cells.  They  are  much  less  trouble  to 
put  together,  and  do  not  suffer  from  local  action. 

Having  cells  of  diffei'ent  kinds  in  the  system  is  a  great 
inconvenience.  When  the  red-lead  cells  have  suffered  from 
local  action,  they  increase  their  resistance  ;  and  if  systems  of 
balanced  charging  are  employed,  in  which  two  or  more  cir- 
cuits are  used,  a  progressive  change  takes  place  in  the  distri- 
bution of  currents,  which  requires  constant  watching.  It 
should  be  a  first  principle  that  all  the  cells  should  be  as  similar 
as  possible. 

The  red-lead  cells  have  11  plates  in  each  cell,  the  others  15. 

With  all  their  imperfections  these  cells  are  extremely  useful 
for  laboratory  purposes  ;  and  as  this  was  my  object  in  con- 
structing them,  I  am  on  the  whole  satisfied  with  their  per- 
formance. 

On  charging  Accumulators. 

Suppose  that  the  accumulators  are  entirely  without  charge, 
and  the  machine  polarized  rightly,  having  its  residual  magne- 
tism such  that  the  +  terminal  gives  a  positive  current  and  the 
—  one  a  negative  current.  Then  in  charging  we  join  +  (or 
oxygen)  to    +,  and  —    (or  hydrogen)   to   — ,  and   all  goes 
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rightly.  Now  suppose  that,  after  the  accumulator  has  ac- 
quired a  sensible  charge,  we  stop  the  dynamo  machine  with- 
out breaking  the  connexions.  The  power  of  the  machine  to 
drive  back  the  battery-current  was  derived  from  its  velocity, 
which  is  gone.  Consequently  the  battery-current  discharges 
itself  through  the  machine  in  the  opposite  direction  to  the 
proper  current  of  the  machine,  and  reverses  the  magnetism  of 
the  machine.  This  change  is  recognized,  as  I  have  mentioned, 
by  the  effects  of  the  pole-pieces  on  a  pocket-compass.  When 
the  machine  is  "  straight,"  the  upper  pole-piece  attracts  the 
unmarked  end  of  the  needle.  When  it  is  reversed,  it  attracts 
the  marked  end. 

If  the  machine  be  then  set  in  motion  again,  the  effect  is  to 
strengthen  the  current  in  the  magnets.  But  this  is  now  the 
discharge  current  of  the  battery.  Consequently  the  machine 
proceeds  to  pump  the  electricity  out  of  the  battery. 

This  reversal  is  prevented  in  ordinary  pi'actice  in  two  diffe- 
rent ways.  In  charging  by  Grramme  machines,  in  general, 
two  machines  are  employed,  of  which  the  one  serves  only  to 
drive  a  current  through  the  magnets  of  the  other.  This  cur- 
rent is  wholly  independent  of  the  charging  current ;  and  the 
arrangement  is  consequently  not  liable  to  reversal. 

The  power  which  is  employed  in  this  case  to  maintain  the 
current  in  the  magnets  contributes  nothing  to  the  work;  con- 
sequently this  arrangement  is  not  economical.  But  in  a  large 
establishment  one  small  machine  may  be  used  to  excite  several 
large  ones,  and  the  waste  is  reduced  to  a  minimum. 

The  best  method  for  charging  in  general  would  appear  to 
be  the  use  of  machines  of  the  {Siemens  type,  with  the  field- 
magnets  in  a  shunt  circuit  of  high  resistance  ;  for  then  the 
reaction  of  the  battery-current  seeking  to  pass  backwards 
into  the  machine  conspires  with  the  forward  current  from  the 
machine,  so  far  as  the  supply  of  the  field-magnets  is  con- 
cerned. 

Diagram  of  Circuits  in  Shunt-Circuit  Machine. 
I Accumulator — 


i__ 


— Magnets- 
-Armature- 


But  as  my  machine  is  not  thus  arranged,  I  have  had  to 
devise  other  means  of  doing  the  work.  I  have  not  seen  any 
account  of  these  processes. 
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The  simplest  mode  of  effecting  the  charge  is  to  charge  in 
one  series,  starting  by  means  of  a  resistance-wire  in  parallel 
circuit,  thus  : — A  wire  of  5  or  6  ohms  resistance,  arranged  so 
that  it  can  become  red-hot  without  injury,  is  introduced  be- 
tween the  terminals,  and  the  machine  driven  at  full  speed. 
A  difference  of  tension  is  thus  produced  between  the  ends  of 
the  wire,  which  must  be  greater  than  that  of  the  accumulators 
to  be  charged.  This  difference  amounts  with  my  machine  to 
70  or  80  volts,  or  even  more.  Then,  if  wo  have  80  volts  and 
6  ohms  of  wire,  we  get  a  current  of  a  little  over  13  amperes, 
which  is  enough  to  excite  the  machine  well. 

The  terminals  of  the  battery  are  now  joined  up  to  the 
terminals  between  which  the  difference  of  tension  is  estab- 
lished, +  to  +  if  the  machine  is  straight,  +  to  —  if  reversed. 
The  existino;  difference  of  tension  drives  back  the  batterv- 
current,  and  a  charging-current  is  set  up.  With  the  30  cells 
in  series  I  find  that  the  current  traversing  the  accumulators 
is  about  10  amperes  under  these  circumstances. 

— Accumulators 1 


■Wire ! 


Magnets — Armature — Magnets 

The  machine  is  then  traversed  by  the  double  current  of 
more  than  20  amperes  from  both  battery  and  resistance- 
wire.  Great  statical  resistance  to  the  engine  is  consequently 
developed,  and  the  magnets  are  well  excited ;  but  the  current 
through  the  6-ohms  wire  goes  to  waste,  and  in  fact  the  wire 
is  kept  nearly  red-hot.  A  large  power  is  required  to  maintain 
this  state  of  things.  The  last  step  is  to  remove  the  wire, 
leaving  the  battery  with  the  current  of  about  10  amperes 
passing  through  it.  The  resistance  at  the  machine  is  reduced 
to  about  one  fourth  by  the  halving  of  the  current,  and  the 
engine  quickens  its  speed  -,  but,  on  the  other  hand,  in  order 
to  maintain  the  difference  of  over  70  volts  when  excited  only 
by  10  amperes,  the  machine  requires  a  high  speed. 

Consequently  there  is  a  period  of  instability  at  the  moment 
of  removing  the  resistance,  and  the  machine  is  often  reversed 
before  the  high  speed  is  established.  The  only  means  of 
obviating  this  are  (1)  to  cram  on  every  available  pound  of 
steam  at  the  moment,  (2)  to  execute  the  two  operations  of 
joining  up  the  battery  and  removing  the  resistance  in  such 
quick  succession  that  the  speed  has  not  time  to  fall.  By  the 
use  of  both  these  precautions  I  have  geuerallj'  succeeded  in 
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starting  the  charging  in  this  form ;  but  until  I  had  acquired 
considerable  experience  and  a  thorough  understanding  of  the 
conditions,  I  frequently  failed. 

When  this  arrangement  is  once  started,  and  if  sufficient 
power  is  available  to  keep  it  going,  it  is  not  only  the  most 
economical  method  of  charging  with  this  machine,  but  is  more 
economical  than  any  other  method,  excepting  the  case  where 
the  magnets  form  a  shunt  circuit  of  very  high  resistance 
indeed. 

The  objection  to  the  arrangement  in  question  is  that  there 
is  a  very  small  margin  between  the  tension  of  the  battery  and 
that  of  the  machine  which  has  to  overcome  it ;  consequently 
at  the  slightest  check  to  the  steam,  and  frequently  without 
any  apparent  cause,  the  battery-current  will  overpower  the 
tension  of  the  machine  and  reverse  it.  The  motion  of  the 
machine  tends  to  reinforce  the  current  of  the  battery  in  the 
new  condition,  and  the  resistance  of  the  machine  is  small; 
so  that  a  tremendous  current,  probably  more  than  50  amperes, 
is  poured  through  the  machine,  and  the  electromagnetic 
attraction  resulting  is  powerful  enough  to  stop  the  engine. 
This  reversing  is  indicated  by  a  hiss  of  the  belt  on  the  ptilley, 
followed  by  the  stoppage  of  the  engine.  The  person  in 
attendance  has  immediately  to  break  the  circuit,  or  the  whole 
store  of  electricity  would  soon  be  poured  uselessly  away. 

With  the  limited  power  at  my  disposal  I  have  never  been 
safe  from  reversals  in  charo-ino;  in  series  in  this  manner  when 
the  number  of  cells  to  be  charged  amounted  to  twenty  or  more. 

Another  method  of  starting  the  charging  in  series  is  to 
throw  a  current  through  the  magnets  from  an  auxiliary 
battery  or  from  a  series  of  accumulators  already  charged,  and 
then  introduce  those  to  be  charged.  The  connexions  are  as 
follows: — 


\ 


charging 
cuneut 


Armature 


■Accumulator - 


Auxiliary- 


initial 
current 


Mfifitets- 


-_l 


In  this  arrangement  one  terminal  of  the  magnets  must  be 
disconnected  from  the  armature,  and  the  magnets  made  up 
into  one  circuit. 
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When  the  charoing  is  started,  the  auxUiarj  battery  is 
removed.  An  instability  of  the  same  sort  as  that  above  de- 
scribed  takes  place. 

This  method  is  not  superior  to  the  last,  and  is  troublesome 
from  requiring  the  auxiliary  battery. 

A  very  simple  mode  of  charging,  \vhere  the  cells  are  all 
similar,  is  to  make  them  up  into  two  or  more  parallel  circuits, 
according  to  the  electromotive  force  available.  When  there 
are  diflerent  kinds  of  cells  this  method  is  troublesome,  as  the 
two  circuits  have  to  be  exactly  balanced,  and  this  must  be 
done  by  trial.  Further,  the  red-lead  cells  alter  during  charging 
as  if  their  resistance  diminished,  which  I  take  to  be  caused  by 
the  decomposition  of  the  sulphate  of  lead  with  evolution  of 
sulphuric  acid.  It  is  then  necessary  to  keep  watch  at  the 
galvanometers  in  the  two  parallel  circuits  and  rearrange  the 
circuits  when  necessarj',  which  is  very  troublesome.  Latterly, 
however,  I  have  used  this  method  more.  With  my  machine 
it  would  be  more  suitable  for  charging  about  -iO  cells.  The 
charging  is  started  with  a  resistance  in  the  same  way  as  in 
the  first  case. 

The  next  method  is  an  interesting  one  ;  I  found  it  useful 
when  the  cells  were  in  good  condition,  with  low  resistance 
and  with  about  20  cells ;  but  I  have  used  it  also  with  30  cells. 
When  the  resistance  of  the  cells  is  high,  it  is  better  to  use  the 
last  method  with  30  cells. 

I  call  the  present  method  the  method  of  balanced  charging. 
It  arose  in  this  way  : — I  began  by  putting  the  magnets  in  a 
shunt  circuity  with  a  resistance  in  the  magnet  circuit ;  then 
accumulators  could  be  charged  in  the  main  circuit  (armature- 
terminals),  and  the  curnmt  spent  in  heating  the  resistance  in 
the  maonet  circuit  went  to  waste.  I  therefore  tried  substi- 
tuting  cells  for  the  resistance  in  the  magnet  circuit.  I  put 
the  two  similar  quantity  galvanometers  in  the  two  circuits, 
and  varied  the  distribution  of  the  cells  until  the  deflections 
were  equal;  so  that  all  the  cells  were  getting  uniformly 
charged.  I  found  at  once  that  under  certain  conditions  a 
balance  was  established,  so  that  the  tension-diflterence  on  the 
two  sides  of  the  magnet  circuits  was  small,  and  that,  so  long 
as  the  balance  was  maintained,  there  was  no  tendency  to 
reversal. 

The  following  scheme  will  expkiin  one  of  these  arrange- 
ments : — 
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21'5  volts  between  magnet-terminals. 
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12  principal  cells 

28-1  volts  between  armature-terminals. 


In  this  case  I  had  a  balance  when  9  amperes  of  current 
were  passing  in  each  circuit. 

It  is  clear  that  the  current  through  the  magnets  is  due  to 
the  difference  of  tensions  between  the  two  sets  of  cells ;  con- 
sequently, 

volts. 
Tension  of  12  cells  =  28-1  (measured) 


7J 


9 


j; 


=  21-5 


jj 


Q-Q 


and,  dividing  by  the  measured  current  of  9  amperes,  we  find 
•73  ohm  for  the  resistance  of  the  magnets.  This  corresponds 
well  with  my  direct  measure  of  '74,  and  less  well  with  the 
resistance  given  by  the  makers,  "77. 

The  balance  is  a  function  of  the  current ;  and  if  the  power 
in  action  be  varied,  the  current  in  the  principal  cells  changes 
faster  than  that  in  the  magnet  circuit  (or  side  cells).  It  is 
to  this  circumstance  that  the  stability  of  the  arrangement  is 
due. 

In  order  to  give  foundation  for  the  theory  of  this  arrange- 
ment we  have  to  represent  the  variation  of  the  tension  of  the 
cells  with  varying  current.  We  may  represent  the  course  of 
the  changes  sufficiently  for  this  purpose,  according  to  my 
measures,  by  assuming  that  the  tension  varies  with  the 
charging  current,  so  that  it  is  1*9  volt  per  cell  when  at  rest 
and  2"4  per  cell  when  the  current  is  10  amperes,  i.  e.  it  varies 
2^0  volt  per  cell  per  ampere.  The  same  rule  expresses  fairly 
well  the  diminution  of  tension  when  the  freshly  charged 
battery  gives  out  a  current.  I  shall  return  to  the  question 
of  the  rationale  of  this,  and  for  the  present  assume  general 
values,  and  that  the  change  of  tension  is  proportional  to  the 
current. 
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Let  E  be  the  tension  of  one  cell  at  rest, 

x  the  current  in  the  principal  cells, 

y  the  current  in  the  side  cells, 

e  the  change  of  tension  per  cell  per  ampere, 

m  the  number  of  the  principal  cells, 

n  the  number  of  the  side  cells. 
Then, 

Tension  of  armature-terminals,  or  of  principal  cells 
=  m  (E  +  ex)  ; 

Tension  of  magnet-terminals,  or  of  side  cells 

=  n(E+ey). 

Then,  if  E,  be  the  resistance  of  the  magnets,  since  the  diffe- 
rence of  these  tensions  drives  current  y  through  R, 

?«(E  +  ex)  —  n(E  +  ey)  =  R^; 
or 

(m  — w)E  +  7»e.^■  =  (ne  + R)y; 

dx  _we  +  R 

dy         me 

Put  n  =  m  —  f7,  where  d  is  the  difference  between  the  principal 
cells  and  side  cells;  then 

dx      -       Ji  —  ed 

dy  me 

which  is  >  1  if  E  >  ef/. 
In  the  case  above  given, 

e  =  -05,     R  =  -74,     fZ  =  3; 

whence  y-  =  2  nearly,  and  the  change  of  the  current  through 

the  principal  cells  is  twice  that  in  the  magnet  circuit. 

Of  course  it  is  the  change  in  the  magnet-current  that  alters 
the  excitation,  and  gives  rise  to  instability;  so  the  more  M-e 
throw  the  change  off  the  magnet-current,  the  more  stable  the 
arrangement  will  be. 

The  behaviour  of  the  balance  as  ascertained  by  experiment 
corresponds  with  this  theory.  The  magnet-current  alters 
more  slowly  than  the  other. 

To  deduce  the  magnitude  of  the  balancing  current  in  any 
particular  case,  put  y  =  x  \n  the  equation 

?n(E -I- e.c)  —  jj(E  +  ey)  =  R_?/; 

(w-n)E-l-  |(m-?i)e-R}.r  =  0. 
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E 


A-= 


d-' 


R 

If  R=-74,  (Z  =  3,  e=-05, 

.r=5E. 

If  we  assume  E  =  1'9,  .^■=9■5,  wLich  is  near  enough  to  9, 
the  observed  value,  to  show  that  we  have  a  general  represen- 
tation of  the  facts.  The  constants  are  not  determined  with 
sufficient  closeness  for  accuracy. 

Again,  suppose  we  wish  to  charge  with  a  larger  current. 
Put  f/=4  in  the  above;  then  we  find  for  x  the  balancing  cur- 
rent 14' 6.  So  that  we  have  only  to  increase  the  difference 
between  the  two  sets  of  cells. 

Again,  supposing  we  wish  to  use  a  smaller  current,  put 
d  =  2.  Then  a;  =  6,  nearly;  or  the  balancing  current  is  about 
6  amperes.  Both  of  these  conclusions  have  been  verified 
experimentally. 

With  reference  to  the  assumption  just  made  as  to  the  de- 
pendence of  the  potential  on  the  current,  and  generally  as  to 
the  constants  of  the  accumulator,  if  we  calculate  the  resistance 
of  a  cell  of  the  accumulator  from  the  data  available,  assuming 
that  the  plates  are  1  centim,  apart,  and  that  the  sulphuric  acid 
has  a  strength  even  considerably  less  than  10  per  cent.,  which 
is  its  original  value,  we  find  a  result  which  is  extremely  small. 
In  fact,  specific  resistance  * 

•2per  cent.  =  4-47x10^", 
8-3       „         =3-32x101 

The  intermediate  value  10-^^  represents  our  case  with  sufficient 
approximation. 

The  edge  of  each  plate  is  about  30  centim.,  and  its  surface 
not  far  from  1000  square  centim.;  so  we  may  consider  the 
conducting  solid  as  consisting  of  one  plate  of  unit  thickness, 
and  surface  somewhat  exceeding  10,000. 

The  resistance  therefore  would  be  yt^  =1^^,  or  the  thou- 
sandth of  an  ohm  roughly.  This  prevents  us  from  assuming 
that  the  change  of  potential  caused  by  current  is  due  to  the 
spread  of  the  tensions  along  a  resistance  according  to  Ohm's 
law.     And  it  appears  probable  that  any  change  of  tension  due 

*  These  numbers  are  taken  from  Prof.  Everett's  '  Illustrations  of  the 
C.G.S.  System.' 
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to  such  a  source  is  negligible,  so  long  as  there  is  acid  in  the 
solution. 

A  key  to  the  nature  of  the  phenomenon  may  be  found  by  con- 
sidering what  happens  when  the  cells  are  being  exhausted.  If 
a  current  of  10  amperes,  such  as  I  have  used  for  charging,  be 
demanded  from  the  accumulators,  the  tension  falls  off.  If  the 
demand  continues,  the  cell  becomes  exhausted.  If  we  let  it 
stand,  it  will  recover  itself,  just  as  is  the  case  with  a  Leclanche 
cell,  for  instance*. 

Now  the  simplest  way  of  accounting  for  this,  as  well  as  for 
the  rise  of  tension  in  charging,  is  to  suppose  that  the  chemical 
action,  in  which  the  storage  consists,  does  not  actually  reside 
on  the  surface,  but  penetrates  to  a  certain  extent  into  the  sub- 
jacent layers  of  the  mass.  It  is  easily  conceivable  that  such 
an  action  should  be  only  capable  of  transference  through  the 
mass  at  a  certain  rate;  that  when  too  large  a  current  is  de- 
manded from  the  cell,  the  chemical  change  does  not  return 
from  the  interior  layers  to  the  surface  with  sufficient  rapidity 
to  maintain  the  current;  and  that  when,  on  the  other  hand, 
a  high-charging  current  is  employed,  it  cannot  get  away  fast 
enough  into  the  substance  from  the  surface,  and  is  accumu- 
lated there  and  forced  to  a  higher  intensity.  It  is  simplest  to 
assume  that  this  heaping-up  is  directly  proportional  to  the 
current  which  causes  it. 

So  far  as  the  excitation  of  the  magnets  goes,  the  method  of 
balanced  charging  is  more  economical  than  charging  in  series; 
but  as  a  double  current  passes  through  the  armature,  there  is 
some  considerable  waste  in  heating  it. 

The  electromagnetic  attraction  of  the  machine  is  in  this  case 
roughly  double  that  of  charging  in  series  (assuming  for  the 
moment  that  the  magnetization  is  proportional  to  the  current). 
This  gives  the  engine  a  better  hold  of  its  work  in  the  case  con- 
sidered without  making  the  load  so  very  heavy  as  when  the 
double  current  passes  through  both  magnets  and  armature. 

The  lead  of  the  dynamo  machine,  or  the  angle  at  which 
the  brushes  have  to  be  set  forward  on  the  commutator,  is  about 
double  what  it  is  under  other  circumstances.  This  is  no  doubt 
due  to  the  exalted  magnetism  of  the  armature  due  to  the  double 
current  taking  longer  than  usual  to  be  affected  by  the  compa- 
ratively weak  field-magnets  through  which  only  a  single  cur- 
rent is  passing.     This  appears  to  point  to  the  reduction  of  the 

*  So,  if  we  try  to  drive  an  arc  light,  we  can  get  f  oi-  a  sliort  time  a  cur- 
rent of  more  than  20  amperes  and  a  good  light ;  but  the  battery  soon 
begins  to  be  exhausted,  and  a  most  curious  effect  sets  in  :  the  alternations 
of  exhaustion  and  recovery  succeed  each  other  with  great  rapidity,  and 
the  carbons  begin  to  chatter  in  a  most  extraordinary  way. 
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lead  by  the  employment  of  more  powerful  field-magnets.  In 
all  cases  the  lead  must  be  ascertained  by  its  being  the  position 
of  least  sparking,  and  the  brushes  set  pretty  closely  to  it ; 
otherwise  the  brushes  are  burned  away,  and  the  sparking  is 
unpleasant. 

Having  charged  the  accumulators,  I  divided  them  up  into 
circuits  as  required,  and  employ  them  to  work  my  electro- 
pneumatic  and  other  appliances.     I  have  driven  every  thing 
for  a  week  after  a  charge  of  a  couple  of  hours ;  but  on  account 
of  the  local  action  in  the  red-lead  cells,  this  is  not  a  very  advan- 
tageous course;  and  latterly  I  have  preferred  to  charge  for 
half  an  hour  in  the  morning  of  each  day.     If  the  charge  is 
meant  to  last,  of  course  the  currents  must  be  used  economically. 
There  are  considerations,  however,  connected  with  the  in- 
evitable variation  in  the  power  of  the  current  when  any  descrip- 
tion of  cells  is  used  as  a  source  of  electricity,  which  make  me 
already  doubtful  whether  this  alternate  procedure  will  answer, 
and  whether  it  may  not  be  necessary  to  use  the  cells  with  the 
machine  running  simply  for  the  purpose  of  sluicing  off  small 
currents  with  fairly  constant  differences  of  tension  at  their 
soui'ces  from  the  main  current  of  the  machine.     It  is  even  pos- 
sible that  simple  pairs  of  lead  plates  in  acid  without  prepara- 
tion may  be  sufficient  for  this  purpose.     But  the  discussion  of 
this  matter  must  wait  until  my  uniform  rotation-machines  are 
in  a  more  complete  state. 

I  will  close  with  an  experiment  showing,  in  a  manner  suitable 
for  the  lecture-table,  the  development  of  a  counter  electromo- 
tive force  in  the  dynamo  when  driven  by  a  current  from  the 
accumulators. 

I  place  a  Swan  lamp  in  parallel  circuit  v.dth  the  machine. 
Then,  so  long  as  the  machine  is  at  rest,  the  lamp  does  not  burn. 
But  when  the  machine  is  in  motion,  as  the  velocity  increases 
the  counter  electromotive  force  is  set  up,  and  the  passage  of 
the  current  through  the  machine  more  or  less  completely 
barred.  The  lamp  in  the  parallel  circuit  then  burns  up.  If 
the  machine  is  stopped  by  a  brake  or  overloading,  the  lamp  is 
extinguished  again. 

XXX.   On  the  Methods  employed  for  determining  the  Ohm. 
By  G.  Wiedemann*. 

THE  Congress  of  Electricians  which  met  at  Paris  in  the 
autumn  of  last  year  adopted  the  electromagnetic  units 
based  on  the  centimetre-gramme-second  system  for  the  con- 

*  Translated  from  the  Elektrotechnische  Zeitschrift,  July  1882.     From 
a  separate  impression,  commmiicated  by  tLie  Author. 
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stants  of  the  galvanic  current,  as  fundamental  units,  and  ex- 
pressed a  AA'ish  that  a  special  international  commission  should 
be  intrusted,  in  the  tirst  place,  with  the  construction  of  a 
standard  ohm  as  unit  of  resistance.  Since,  then,  further 
consultation  is  to  take  place  before  very  long,  it  seems  desi- 
rable to  consider  again  the  methods  hitherto  employed,  with 
their  sources  of  error,  from  the  experimental  standpoint;  their 
mathematical  theory  has  been  sufficiently  discussed. 

I  desire  also  to  give  an  impulse  to  further  discussion  of  the 
methods  to  be  adopted  in  the  new  determination.  This  is  to 
be  done  the  more  strictly  and  thoroughly,  since  the  units, 
having  been  once  determined,  ought  not  to  be  altered  again 
immediately  in  consequence  of  further  investigations. 

It  is  well  known  that  W.  Weber,  to  whom  we  owe  the  fun- 
damental facts  in  this  subject,  has  given  four  methods  of  ob- 
taining a  conductor  of  given  resistance  in  electromagnetic 
units: — 

I.  A  circle  of  wire  of  known  dimensions  is  caused  to  revolve 
through  a  certain  angle  about  an  axis  (vertical)  incline  i  to 
the  direction  of  the  earth^s  magnetism  ;  and  the  intensity  of  the 
current  thus  induced  is  measured  by  means  of  a  galvanometer 
of  known  dimensions.  The  intensity  of  the  current,  under 
similar  conditions,  is  inversely  proportional  to  the  resistance 
of  the  conductor. 

II.  Instead  of  measuring  the  dimensions  of  the  galvano- 
meter in  the  first  method,  the  action  of  the  unit  current  on  the 
magnetic  needle  of  a  multiplier  is  determined  by  the  damp- 
ing of  its  oscillations  when  the  circuit  is  closed. 

III.  A  magnetic  needle  is  allowed  to  oscillate  within  a  closed 
multiplier  of  known  dimensions,  and  the  damping  of  its  oscil- 
lations is  determined. 

IV.  A  circle  of  wire  is  put  into  uniform  rotation  about  a 
horizontal  or  vertical  diameter;  and  we  observe  the  deflection 
which  takes  place  in  a  magnetic  needle  swinging  at  the  centre 
of  the  circle,  in  consequence  of  the  current  induced  in  the 
revolving  circle  by  the  earth's  magnetism.  Since  in  carrying 
out  these  methods  each  separate  measurement  is  of  necessity 
attended  with  error,  that  method  appears  at  the  outset  the  most 
reliable  which  involves  the  determination  of  the  fewest  con- 
stants, and  in  which  these  determinations  can  be  made  with 
most  accuracy.  Hence  methods  III.  and  IV.  appear  at  the 
outset  to  offer  special  advantages. 

We  will  consider  the  fourth  method  first,  in  order  to  dis- 
cuss at  once  a  number  of  sources  of  error  which  partly  afiect 
also  the  other  methods.     This  metliod  is  in  fact  that  employed 
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by  the  Committee  of  the  British  Association  appointed  for  the 
purpose  in  1863. 

A  wire  coil  is  put  into  rotation  about  a  vertical  axis,  in 
consequence  of  which  currents  are  induced  in  it,  whose  inten- 
sity in  unit  time  is,  on  the  one  hand,  directly  proportional  to 
the  horizontal  component  of  the  earth's  magnetism  and  to  the 
change  of  the  projection  of  the  plane  of  the  coil  on  the  ver- 
tical plane  at  right  angles  to  the  direction  of  that  component, 
and,  on  the  other  hand,  inversely  proportional  to  the  resistance 
of  the  coil. 

But,  then,  the  induced  currents  which  traverse  the  coils  act 
upon  the  neighbouring  coils,  and  induce  in  them  extra  currents 
whose  electromotive  force  is  proportional  to  the  change  in  the 
directly  induced  current,  in  the  unit  time;  hence  the  inductive 
action  in  the  spiral  is  diminished.  The  deflection  of  the  needle 
is  determined  by  the  total  action  of  all  the  induced  currents. 
The  following  investigations  are  therefore  necessaiy  to  deter- 
mine the  absolute  resistance  of  the  coil. 

1.  The  measurement  of  the  space  enclosed  by  the  windings 
of  the  coil,  to  which  the  induction  is,  cceteris  parihis,  propor- 
tional, as  well  as  its  form,  upon  which  the  extra  currents  in- 
duced in  it  depend,  and  the  moment  of  rotation  exerted  on 
the  magnetic  needle  at  its  centre. 

These  determinations  offer  very  considerable  difficulty. 

If  thick  wire  is  employed  for  winding  the  coil,  its  diameter, 
together  with  the  insulating  coverings  must  be  exactly  an 
aliquot  part  of  the  interior  width  of  the  frame  on  which  the 
wire  is  to  be  wound,  or  else  the  outer  layers  of  wire  will  be 
squeezed  more  or  less  between  the  wires  of  the  inner  layers, 
and  so  cause  displacement.  Moreover,  as  W.  Siemens*  has 
shown,  the  wire  is  stretched  in  winding,  the  more  the  thinner 
the  wire  is;  and  this  extension  may  be  as  much  as  6  per  cent. 
Again,  the  insulating  covering  of  the  wire  becomes  pressed 
together;  this  takes  place  less  when  the  covering  consists  of  solid 
gutta-percha  or  similar  substance  than  Avhen  the  wire  is  covered 
with  silk  or  cotton.  The  thinner  the  wire  is,  the  more  im- 
portant do  these  errors  become,  of  displacement  of  the  wire,  of 
extension  on  winding,  and  of  the  squeezing  together  of  more 
of  the  insulating  covering  in  proportion  to  the  diameter  of  the 
wire.  It  is  therefore  not  correct  to  calculate  the  space  enclosed 
by  the  coils  from  the  length  of  the  wire  before  winding  or 
after  unwinding,  and  from  the  dimensions  of  the  coil. 

On  this  account,  as  W.  Siemens  rightly  remarks,  the  accu- 
rate measurement  of  the  length  of  the  wire  of  about  I'l  milli- 

♦  Poggendorffs  An?ialen,  1866,  vol.  cxxvii.  p.  327. 
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metre  thickness  to  the  tenth  of  a  millimetre,  as  in  the  older 
experiments  of  the  British  Association,  was  useless. 

It  is  not  difficult  to  determine  the  internal  diameter,  in 
various  directions,  of  the  coils  of  wire  (that  is,  the  diameter  of 
the  frame  on  which  they  are  wound),  either  by  means  of  a 
kathetometer,  or  with  an  inextensible  steel  tape  of  constant 
temperature;  but,  on  the  other  hand,  the  measurement  of  the 
external  diameter  or  circumference  is  much  more  difficult,  in 
consequence  of  the  inequality  of  the  covering  of  the  wire  and 
the  unevenness  of  the  surface. 

If  the  error  in  the  determination  of  the  mean  diameter 
only  amounted  to  0*5  millim.,  which,  in  view  of  the  circum- 
stances mentioned,  is  certainly  not  an  extreme  estimate,  then 
in  the  case  of  the  coil  of  314  millim.  diameter  employed  by  tho 
Committee  of  the  British  Association  the  estimate  of  the  space 
enclosed  by  the  coils  would  be  wrong  by  3^= 0*32  per  cent. 
In  order  to  reduce  this  error  as  much  as  possible,  it  is  neces- 
sary, as  both  W.  "W^eber  *  and  Lord  Rayleighf  recommended, 
to  take  the  diameter  of  the  coil  as  great  as  possible  consistently 
with  accuracy  of  rotation.  Also  the  wire  should  be  wound  with 
a  tension  as  uniform  as  possible  ;  and  the  exterior  diameter 
should  be  controlled  after  each  layer  has  been  wound. 

A  much  more  important  source  of  error  lies  in  the  uncer- 
tainty of  determining  the  mutual  position  of  the  separate  coils, 
depending  upon  the  conditions  explained  above,  upon  which 
the  intensity  of  the  extra  current  induced  in  the  coil  when  put 
into  rotation  depends.  Since  the  inductive  action  of  the  coils 
upon  each  other  takes  place  at  very  small  distances,  a  very 
small  error  in  measuring  the  distance  apart  is  of  great  im- 
portance. 

A  further  source  of  inaccuracy  is  introduced  by  making  the 
coil  of  two  parts  parallel  to  each  other,  but  with  a  space  between 
in  order  to  admit  the  thread  by  which  the  magnet  is  sus- 
pended; so  that  here  also  the  parallelism  and  distance  apart  of 
the  two  portions  must  be  very  exactly  determined.  That  the 
data  may  be  greatly  altered  by  the  extra  currents  is  seen  from 
the  fact  that,  in  an  experiment  of  a  Committee  of  the  British 
Association,  the  position  of  maximum  induction  of  the  coil  in 
rapid  rotation  was  displaced  by  not  less  than  20°;  and  the 
correction  for  this  amounted  to  some  8  per  cent. 

If  we  seek  to  determine  the  self-induction  by  opposing  the  coil 
to  another  of  known  coefficient  as  a  Wheatstone's  bridge  |, 

*  Berichte  der  Koniglich  Sdchstschen  Gesellschaft  der  Wissenschaften, 
1880,  p.  77. 

t  Proceedino^s  of  the  Royal  Society,  1881,  vol.  xxxii.  p.  122. 

X  Compare  Maxwell's  'Treatise,'  vol.  ii.  p.  3o7;  Brillouin,  Comptes 
Rendus,  vol.  xciii.  p.  1010  (1881);  Beibldtter,  vol.  vi.  p.  39. 
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then  we  have,  besides  the  sources  of  error  of  the  original 
apparatus,  a  number  of  other  sources  of  error  which  need  to 
be  specially  examined;  so  that  it  is  possible  the  accuracy  of 
the  results  might  be  seriously  prejudiced.  In  any  case  the 
difficulty  of  accurately  determining  the  self-induction  is  the 
most  suspicious  part  of  the  method  under  consideration. 

2.  The  temperature  of  the  coil  must  be  determined  with  the 
greatest  accuracy,  since  the  conductivity  of  the  wire  decreases 
about  0*3  per  cent,  for  a  rise  of  temperature  of  1°  C.  The 
corresponding  change  of  length,  and  consequently  of  surface 
embraced,  amounts  only  to  xooVoooj  ^^^^  ^^^J  therefore  be 
neglected. 

3.  We  have  further  to  inquire  whether  there  may  not  be 
secondary  currents  induced  in  the  supports  of  the  apparatus, 
if  these  are  of  metal,  by  the  currents  circulating  in  the  spiral, 
which  may  act  upon  the  magnetic  needle*. 

This  point  may  be  determined  by  interrupting  the  conti- 
nuity of  the  metallic  supports  by  means  of  insulating  material. 
According  to  experiments  of  this  nature,  made  by  Lord  Ray- 
leigh  and  Dr.  Schuster  f,  this  source  of  error  was  not  important 
in  the  experiments  of  the  British  Association^  the  error  amount- 
ing only  to  0*16  per  cent.  It  would  be  better,  however,  to 
construct  the  supports  of  insulating  material. 

4.  The  testinof  of  the  instrument  to  determine  if  the  coils  lie 
symmetrically  with  reference  to  the  axis  of  rotation  otters  no 
particular  difficulty,  if  we  observe  by  means  of  a  telescope  cor- 
responding points  of  the  frame  on  both  sides  of  the  axis  in 
different  positions  of  the  coils,  making  with  each  other  an 
angle  of  180°. 

5.  In  the  same  way  it  is  easy  to  ascertain  by  known  optical 
methods  whether  the  axis  of  rotation  is  reaUy  vertical,  and 
remains  so ;  deviation  from  the  vertical  position  may  exert  a 
considerable  effect. 

If  the  angle  of  dip  were  about  Z  =  70°,  an  inclination  of  the 
axis  towards  north  or  south  of  0°'2  would  cause  an  alteration 
in  the  inductive  action  of  the  earth  in  the  proportion  of 
cos  70°:  cos  (70'^±0'^-2) — that  is,  not  less  than  1  per  cent.  An 
inclination  of  this  amount  in  the  case  of  the  British- Association 
coil  would  correspond  to  a  displacement  of  0"5  millim.  in  the 
ends  of  the  axis.  An  exact  determination  is  therefore  very 
necessary.  Small  displacements  of  the  axis  towards  east  or 
west  have  only  an  insignificant  influence. 

6.  The  countinor  of  the  number  of  revolutions  of  the  coil  in 

*  Compare  F.  Kohlrauscli,  in  Pogg.  A>tn.  1874,  Erganzungsband  vi. 
p.  9. 

t  Loc.  cit. 
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unit  time  by  known  methods  offers  no  special  difficulty;  nor 
does  the  maintaining  of  a  constant  velocity  of  rotation  by 
mechanical  means*. 

7.  The  adjustment  of  the  magnet  in  the  centre  of  the  rota- 
tinor  coil  should  also  not  be  difficult  to  effect.  Moreover  a 
small  deviation  from  exact  adjustment  causes  no  important 
error. 

8.  The  moment  of  the  magnet  may  be  determined  by  vibra- 
tion-experiments after  determining  its  moment  of  inertia  and 
the  horizonal  component  of  the  earth^s  magnetism;  or  it  may 
be  determined  from  experiments  on  deflection.  If,  in  order 
to  render  the  inductive  action  of  the  magnet  on  the  rotatingr 
coil  imperceptible,  we  employ  magnets  of  very  small  moment, 
then  these  methods  offer  many  sources  of  error,  on  account  of 
the  very  perceptible  influence  of  the  friction  of  the  air  in  the 
vibration-experiments,  or  of  the  small  distance  at  which  the 
deflecting  magnet  must  be  placed. 

If  the  moment  of  the  magnet  is  very  small,  it  and  the  dis- 
tribution of  magnetism  in  the  magnet  (which  is  very  difficult 
to  determine)  have  both  very  small  effect  upon  the  results. 
If  the  poles  of  the  magnet  are  at  a  distance  from  the  cen- 
tral point  in  the  median  plane  of  the  coils  which  is  less  than 
\  of  their  radius,  and  if  the  distance  of  the  poles  from  the 
plane  is  not  greater  than  0'84  of  the  length  of  the  magnet, 
then  the  force  exerted  upon  it  by  a  current  in  the  coil  is  con- 
stant to  within  O'OOOo,  under  conditions  otherwise  similar, 
up  to  a  deflection  of  56°. 

9.  The  adjustment  of  the  telescope  and  scale  required  for 
reading-off"  the  position  of  the  magnet,  and  the  correction  of 
the  readings,  may  be  made  in  the  usual  way;  and  the  divisions 
of  the  scale  must  be  compared  with  an  accurate  measure.  The 
accurate  measurement  of  the  distance  of  the  scale  from  the 
central  point  about  which  rotation  of  the  magnet  takes  place, 
or  from  the  reflecting  surface  of  the  mirror,  offers  a  certain 
amount  of  difliculty. 

10.  The  force  of  torsion  of  the  suspension-thread  of  the 
magnet  may  easily  be  compared  with  the  directive  force  of 
the  magnet  by  turning  the  thread  fastened  to  a  torsion-circle 
through  a  certain  angle,  and  observing  the  deviation  of  the 
magnet.  Unavoidable  changes  of  considerable  magnitude 
may  result  from  the  variable  moisture  of  the  air,  if  weak  mag- 
nets are  employed. 

11.  We  have,  further,  to  inquire  what  influence  currents  of 
air  and  the  vibration  of  the  apparatus   caused  by  the  motion 

*  Compare  the  ingeuious  arraugement  adopted   by   Lord   Rayleigh, 
loc.  cit. 
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exert  upon  the  needle  when  the  coil  is  put  into  rotation  with 
circuit  open.  In  the  first  experiments  of  the  Committee  of 
the  British  Association,  in  which  attention  had  not  yet  been 
paid  to  the  separate  conditions  of  the  experiment  in  the  way 
which  will  be  necessary  for  a  final  determination  of  the  ohm, 
these  last-mentioned  sources  of  error  made  themselves  in  a 
high  degree  perceptible. 

Thus  F.  Kohlrausch,  in  a  discussion  of  these  experiments, 
has  justly  pointed  out  that,  in  order  to  avoid  inductive  action 
on  the  coil  of  wire,  the  magnet  (a  magnetized  steel  ball  of 
8  millim.  diameter),  in  spite  of  its  great  mass,  had  only  a 
moment  equal  to  that  possessed  by  an  extremely  fine  magnetic 
needle  weighing  0'025  gramme.  The  magnet  was  attached 
by  means  of  a  wire  0"25  metre  long  to  a  mirror  of  30  millim. 
diameter  suspended  by  a  simple  silk  fibre  of  2  metres  length. 
The  currents  of  air  produced  by  the  rotating  coil  only  0'31 
metre  distant  acting  upon  the  relatively  large  surface  of 
the  mirror  and  magnet,  as  well  as  the  variable  torsion  of  the 
thread,  become  much  too  considerable  in  comparison  with  the 
directive  force  of  the  magnet. 

Further,  the  vibration  of  the  apparatus  produced  by  the 
rotation  may  propagate  itself  to  the  case  surrounding  the 
mirror,  and  so  put  the  air,  and  with  it  the  mirror,  into  rota- 
tion. It  might  thus  happen  that  the  deflections  obtained  by 
rotating  the  coil  in  one  or  the  other  direction  might  vary  by 
as  much  as  8'5  per  cent.  If  the  mean  results  obtained  in  dif- 
ferent series  of  observations  should  differ  amongst  each  other 
by  only  2*3  per  cent.,  yet  even  this  is  not  a  guarantee  of 
greater  accuracy,  but  can  only  be  regarded  as  a  proof  that 
the  appai'atiis  alicays  acts  in  nearly  the  same  loay. 

Moreover  the  supplementary  elimination  of  sources  of  error, 
e.  g.  by  more  exactly  calculating  the  effect  of  self-induction, 
as  attempted  in  the  memoir  of  Lord  Eayleigh  and  Dr.  Schuster, 
can  in  no  way  free  the  results  from  the  influence  of  sources  of 
error  shown  to  exist  by  the  deviations  cited  above.  Above  all 
things,  observations  of  this  kind  ought  never  to  be  arbitrarily 
corrected  on  the  ground  of  probability  only  without  having 
perfectly  definite  numerical  data ;  or  else  all  secure  experi- 
mental ground  is  lost. 

Hence  we  may  consider  it  shown  that  the  results  of  these 
experiments  are  not  to  be  themselves  taken  as  a  final  determi- 
nation of  the  ohm,  but  rather  as  extremely  valuable  prelimi- 
nary experiments  by  which  we  have  become  acquainted  with 
the  precautions  to  be  observed. 

By  means  of  new  experiments  made  by  Lord  Ea3deigh  and 
Dr.  Schuster  with  the  apparatus  of  the  British  Association, 
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altered  in  some  points,  the  difficulties  mentioned  above  under 
(1)  remained  unaltered ;  the  magnet,  however,  was  replaced  by 
four  magnetized  needles,  each  0"5  centim.  long,  fastened  on  the 
parallel  horizontal  edges  of  a  cube  of  cork.  The  mirror  was 
attached  directly  to  the  cork.  But  here  also  the  directive 
force  of  the  magnet  is  small  in  comparison  with  the  somewhat 
powerful  influence  of  currents  of  air  acting  on  the  large  sur- 
face and  small  moment  of  inertia. 

Further,  the  case  protecting  the  suspended  portions  of  the 
apparatus  is  attached  to  the  glass  tube  which  surrounds  the 
suspension-thread.  Perfect  stability  could  hardly  be  obtained 
with  such  an  arrangement ;  since  with  rapid  rotation  vibration 
of  the  mirror  would  certainly  be  experienced.  These  experi- 
ments also  are  to  be  regarded  more  as  preparatory  for  later  and 
final  measurements,  and  as  such  have  been  excellentlv  carried 
out.  On  this  account  no  doubt  the  more  exact  data  for  ver- 
tical adjustment  of  the  axis  &c.  have  not  yet  been  given 
throughout.  Lord  Rayleigh,  as  already  mentioned,  lays 
emphasis  on  the  necessity  lor  new  coils  for  the  final  experi- 
ments, and  raises  the  question  whether  these  should  not  be 
arranged  as  in  the  Helmholtz-Gaugain  galvanometer,  so  that 
the  directive  action  of  the  current  on  the  needle  is  independent 
of  any  small  excentricity  or  deviation  of  the  needle. 

In  the  final  experiments,  whether  they  are  made  according 
to  this  method  or  according  to  one  of  the  other  methods, 
it  is  in  any  case  necessary  that  as  complete  a  statement  should 
be  given  of  each  separate  proceeding  in  arranging  and  using 
the  apparatus.  Also  the  experiments  should  not  be  made 
with  an  apparatus  set  up  and  adjusted  once  for  all,  since  then 
the  errors  of  the  arrangement  will  repeat  themselves  with  each 
new  determination  undertaken  with  the  apparatus.  On  the 
contrary,  the  apparatus  itself  must  be  frequently  altered  in 
various  ways.  Only  so  can  we  obtain  results  independent  of 
each  other,  which  can  be  used  for  mutual  control. 


The  sources  of  error  which  are  so  difficult  to  avoid  in  using; 
method  IV.,  more  particularly  in  consequence  of  the  extra 
currents,  have  induced  W.  Weber*  himself,  in  conjunction 
with  the  late  F.  Zollner,  to  again  take  up  the  first  method 
(which  had  been  employed  by  the  first-mentioned  so  long  ago  as 
1846  in  preliminary  experiments)  with  the  most  perfect  experi- 
mental means.  Of  two  equal  coils,  weighing  some  207  kilog., 
most  carefully  and  very  regularly  wound  upon  mahogany 
rings,  as  shown  by  measurement  of  different  diameters,  the 

*  W.  Weber  and  F.  Zollner,  loc.  cit. 
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coils  consisting  of  cotton-covered  copper  wire  about  3^  millim. 
in  thickness,  and  having  a  resistance  of  about  5  ohms — one,  the 
multiplier,  surrounds  a  cylindrical  magnetic  needle  alDout 
100  millim.  long  and  10  millim,  thick,  fixed  in  the  magnetic 
east  and  west  plane.  The  diameter  of  the  coils  (interior  about 
960  millim.,  exterior  1040  millim.,  and  breadth  of  coils  about 
254  millim.)  is  so  large  that  the  magnetic  forces  acting  on  the 
needle  may  be  supposed,  without  perceptible  error,  to  be  con- 
centrated at  their  centre.  The  other  coil,  connected  with  the 
first  by  conducting-wires,  the  inductor,  is  capable  of  rotation 
about  a  vertical  axis,  out  of  the  east  and  west  position  through 
an  angle  of  180°.  This  displacement  of  the  inductor  takes  place 
suddenly  at  such  times  that  the  currents  induced  in  it  and 
transmitted  through  the  multiplier  render  the  deflections  of 
the  needle  constant  according  to  the  "  method  of  multiplica- 
tion "  or  the  "  method  of  recoil." 

In  carrying  out  the  experiments,  the  displacement  of  the 
inductor  by  means  of  clockwork  was  not  found  to  be  practi- 
cable, and  it  was  therefore  effected  b}^  hand.  The  time  required 
for  the  displacement  (some  2  seconds)  must  only  be  a  small 
fraction  of  the  time  of  vibration  of  the  magnet  hanging  in  the 
multiplier.  For  this  purpose  the  time  of  vibration  of  the 
needle  is  increased  (up  to  30  seconds)  by  placing  the  needle 
in  a  stirrup  to  which  a  tube  of  brass  272  millim.  long  was 
fastened  in  a  horizontal  position  and  at  right  angles  to  the 
needle,  the  ends  of  which  carried  plane  mirrors.  Telescopes 
with  parallel  scales  ai"e  placed  before  both  mirrors,  each  at  a 
distance  of  4  millim.  Bv  this  double  reading  the  difiicult 
measurement  of  the  scales  from  the  mirrors  is  replaced  by  the 
easier  measurement  of  the  distance  of  the  scales  from  each 
other,  and  of  the  distance  of  the  mirrors  apart.  An  exami- 
nation of  the  point  whether,  and  how  far,  the  instants  of  dis- 
placement of  the  inducing  coil  may  differ  from  those  indicated 
by  calculation,  and  how  far  these  possible  deviations  may  affect, 
might  be  easily  made*.  In  any  case,  according  to  the  expe- 
riments which  have  been  made,  this  influence  cannot  be  of 
importance,  since  the  results  obtained  at  different  times  by  use 
of  a  magnet  100  millim.  long  agree  with  each  other  to  within 
0*06  per  cent.,  and  those  obtained  with  a  magnet  200  millim. 
long  do  not  difler  at  all  from  the  mean  result.  This  shows  at 
the  same  time  that  the  instrument  had  not  altered  in  any  im- 
portant respect  in  the  interval.  The  inductor  must  be  so  far 
removed  from  the  multiplier  that  the  currents  in  the  first 
cannot  directly  deflect  the  needle. 

*  Compare  Cliwolson,  Bulletin  de  St.  Petershourg ,  vol.  ii.  p.  403  ;  Bei- 
hldtter,  vol.  v.  p.  450. 


employed  for  determining  the  Ohm.  267 

It  is  a  point  of  verj  great  importance  in  the  employment  of 
this  method  that  self-induction  in  the  inductor  is  without  in- 
fluence, and  that,  further,  the  intensity  of  the  earth's  mag- 
netism does  not  enter  into  the  calculation,  provided  that  it  is 
of  equal  intensity  in  the  positions  occupied  by  inductor  and 
multiplier.  It  may  not  be  allowable  to  assume  that  this  is 
the  case  in  ordinary  rooms,  because  of  iron  hooks  let  into  the 
walls ;  but  in  a  building  constructed  for  the  purpose  this  con- 
dition might  easily  be  fulfilled.  This  point  may  also  easily  be 
controlled  by  oscillation-experiments  ;  the  ratio  of  the  directive 
force  of  the  earth  may  be  determined  at  the  two  places. 

It  is  true  that  we  have  to  set  against  this  advantao;e  that  we 
have  two  coils  to  measure,  and  are  so  liable  to  a  double  error. 
(This,  however,  is  also  the  case  in  the  experiments  of  the  Bri- 
tish Association  described  above,  where  the  revolving  coil  con- 
sists of  two  separated  halves.)  This  disadvantage  may  be 
considered  small  in  comparison  with  the  error  resulting  in 
the  fourth  method  from  the  measurement  of  the  self-induction 
of  the  coil.  It  is  further  reduced  by  the  large  dimensions  of 
the  coils.  At  the  same  time  stability  of  the  apparatus,  and 
consequent  freedom  from  disturbances  resulting  from  vibration 
and  from  currents  of  air,  is  much  more  easily  obtained  than 
with  the  rapidly-rotating  coil  employed  in  the  former  method. 

Previous  communications  on  experiments  with  this  appa- 
ratus are  only  preliminary,  on  which  account  we  are  not  yet 
in  possession  of  details  of  adjustment ;  for  which,  however, 
not  only  the  name  of  W.  Weber,  but  also  that  of  Repsold,  the 
instrument- maker  intrusted  with  the  work,  give  us  full  gua- 
rantee that  such  points  as  the  verticality  of  the  axis  of  rotation, 
the  adjustment  of  the  coil  magnetic  east  and  west,  the  arrange- 
ment for  displacing  the  coil  through  exactly  180°,  and  so  on, 
will  be  attended  to.  The  preliminary  method  of  measuring 
the  circumference  of  the  mahogan}-  rings  on  which  the  coils 
are  wound  and  of  their  exterior  circumference  by  means  of 
strips  of  paper,  which  were  then  compared  with  a  divided 
wooden  rule,  will  no  doubt  give  place  to  more  exact  methods 
in  the  actual  experiments. 

A  special  advantage  of  this  method  is  that  the  wires  may 
be  unwound  from  the  rings  and  wound  again  without  any 
great  difficulty;  and  so  repeated  observations  indejiendent  of 
each  other  can  be  obtained. 

This  method  is  therefore  to  be  recommended  for  the  final 
determinations. 


If  we  employ  Weber's  second  method,  we  have  no  need  to 
determine  the  dimensions  of  the  multiplier ;  but  we  determine 
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the  damping  of  the  oscillations  of  the  needle,  once  with  open 
circuit  and  again  with  closed  circuit.  Hence,  by  determining 
the  deviation  of  the  needle  when  the  inductor  is  displaced, 
the  resistance  of  the  circuit  in  electromagnetic  measure  may 
be  calculated.  For  this  purpose  the  multiplier  must  enclose 
the  needle  more  closely,  so  that  the  damping  may  be  sufficient. 
We  have  to  determine,  besides  the  dimensions  of  the  inductor, 
the  period  of  oscillation  and  moment  of  inertia  of  the  needle 
and  the  intensity  of  the  horizontal  component  of  the  earth^'s 
magnetism.  The  sources  of  error  of  this  method  have  been 
carefully  examined  by  F.  Kohlrausch*;  the  error  in  measure- 
ment of  the  inductor  may,  however,  have  been  scarcely  esti- 
mated high  enough.     (Compare  also  the  following  method.) 

If  proper  experimental  means  and  a  suitable  observatory 
are  availablef  for  accurate  determination  of  the  earth's  mag- 
netism, this  method  may  very  well  be  employed  together  with 
Weber^s  first  method. 


In  Weber's  third  method,  which  is  apparently  so  simple,  we 
have,  in  order  to  determine  the  absolute  resistance  of  a  multi- 
plier, to  observe  only  the  damping  of  the  oscillations  of  a 
needle  suspended  in  the  coil  when  the  ends  of  the  coil  are 
united,  and  again  when  the  circuit  is  open.  In  order  to  be 
able  to  calculate  the  electromotive  force  due  to  the  oscillations 
of  the  needle  and  its  action  upon  the  needle,  which  is  directly 
proportional  to  that  electromotive  force,  and  inversely  propor- 
tional to  the  resistance  to  be  measured,  we  must  know  in 
general  the  dimensions  of  the  multiplier  and  the  position  of 
the  needle  relative  to  it,  as  well  as  the  distribution  of  the 
magnetism  in  the  needle. 

The  former  determinations  are  difficult  to  carry  out  exactly, 
since,  in  order  that  there  may  be  sufficient  damping,  no  very 
larse  dimensions  can  be  given  to  the  coil :  the  latter  determi- 
nations  can  only  be  made  inexactly  by  observation  of  the 
currents  induced  in  a  short  coil  at  different  points  of  the 
maonet,  or  bv  numerous  oscillation- and  deflection-experiments 
with  a  mao;netic  needle  swino-ino;  at  different  distances  from 
various  points  of  the  magnet.  We  have  also  to  satisfy  our- 
selves that  the  damping  is  not  dependent  upon  the  angle  of 
deflection  of  the  needle. 

This  method  has  been  employed  by  Fr.  Weber  J,  in  Zurich, 

•  Loc.  cit. 

t  Compare  aldo  the  new  methods  by  F.  Kohlrausch,  Gotiinger  Naclv 
richten,  March  4,  1882. 

X  F.  Weber,  Eleldrimiar/netische  vnd  kalorimetrische  3Iessungen  (Ziir- 
cher  und  Furrer,  Zurich,  1878);  Beihldtter,  vol.  ii.  p.  490. 
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employing  a  magnet  of  80  milHm.  length,  20"1  milHin.  breadth, 
and  21*1  millim.  depth,  suspended  by  a  silk  thread  between 
two  conical  coils  very  regularly  wound,  of  144"43  millim.  in- 
ternal, 184'46  millim.  external  radius,  and  51*64  millim. 
breadth. 

The  mean  distance  of  the  spirals  from  each  other  was  either 
very  small,  or  the  distance  of  their  median  planes  was  made 
164*4  millim.,  or  very  nearly  equal  to  the  mean  radius  of  the 
coils.  In  this  last  case  the  distance  of  the  poles  from  each  other 
has  no  important  influence,  although  it  has  in  the  first,  where 
also  the  distribution  of  moments  in  the  magnet  must  not  be 
neglected.  We  must,  however,  always  take  into  account 
inevitable  differences  in  measurement  in  consequence  of  the 
mutual  pressure  of  the  coils  and  certain  unavoidable  irregu- 
larity in  the  winding,  which  are  more  iniportant  in  consequence 
of  the  small  dimensions  of  the  coils,  as  in  the  fourth  method 
which  we  have  already  considered.  Nevertheless  it  was  shown, 
by  comparison  with  a  standard  resistance  of  Siemens^s,  with 
w^hich  the  resistance  of  the  coils  was  compared  by  means  of  a 
Wheatstone's  bridge,  in  both  the  cases  mentioned,  and  after 
rewinding  of  the  coils,  that  the  standard  resistance  expressed 
in  absolute  measure  varied  in  three  series  of  experiments  only 
from  0*9532  to  0*9570,  from  0*9528  to  0*9555,  and  from  0*9527 
to  0*9551 — that  is,  not  more  than  0*5  per  cent.  The  mean  is 
0*95451.  

In  further  experiments  according  to  another  method,  Fr. 
Weber  placed  the  coils  mentioned  above  at  a  definite  distance 
from  each  other,  connected  the  one,  "  the  inducing  coil,"  with 
a  very  constant  Daniell^s  cell  and  a  simple  ring  of  168*7 
millim.  radius;  the  other,  "  the  induced  coil,"  with  a  multi- 
plier, which  was  composed  of  a  coil  consisting  of  two  equal 
conical  halves  placed  close  together,  of  154*2  millim.  inner 
radius  and  172*2  external  radius,  between  which  was  suspended 
a  magnet  40  millim.  long  provided  with  a  mirror.  The  simple 
ring  of  the  inducing  circuit  lay  between  these  coils.  The 
deviation  of  the  needle  whilst  a  constant  current  passed  through 
the  inducing  circle  measured  its  intensity  J,  which  was  to  be 
measured  in  absolute  measure  from  the  known  dimensions  of 
the  ring ;  the  deviation  on  breaking  the  inducing  circuit  after 
disconnecting  the  ring  gave  the  intensity  i  of  the  induced  cur- 
rent. Since  the  induced  electromotive  force  e  =  JV  (where  P 
is  the  mutual  potential  of  the  coils)  may  be  calculated  in  abso- 
lute measure  from  the  dimensions  of  the  coil  by  putting  the 
constant  of  induction  equal  to  unity,  we  obtain  the  resistance  of 

the  induced  circuit  r  from  the  formula  r  =  -. 

I 
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We  have  therefore  for  these  determinations  to  ascertain 
the  dimensions  (1)  of  the  wire  ring,  (2)  of  the  inducing  coil, 
(3)  of  the  induced  coil,  (4)  of  the  multiplier,  (5)  of  the  dis- 
tance of  the  separate  layers  of  the  inducing  and  induced  coils 
from  each  other,  (6)  the  determination  of  the  position  of  the 
magnetic  poles,  to  which  are  to  be  added  the  manipulations 
required  for  the  other  methods,  the  adjustment  of  the  needle 
in  the  centre,  and  of  the  coils  of  the  multiplier  and  of  the 
wire  ring  between  them  with  reference  to  the  meridian  &c. 
Since  the  intensities  of  the  primary  and  secondary  currents 
are  measured  by  the  deflection  of  the  same  magnet,  the  hori- 
zontal component  of  the  earth's  magnetism  does  not  enter  into 
the  calculation.  There  are  in  this  method  many  more  sources 
of  error  to  be  taken  into  account  than  in  the  other  methods, 
by  which  its  accuracy  may  be  seriously  impaired. 

Notwithstanding,  Weber  finds,  by  determining  the  resist- 
ance of  the  inductive  circuit  by  this  method,  and  comparing 
it  with  the  Siemens  standard  which  he  employed,  that  at  two 
different  distances  of  the  inducing  and  induced  coils,  and  with 
two  different  intensities  of  the  inducing  current,  a  mean  result 
of  0-9554  (0-9589  to  0-9516)*. 

This  method  has  also  been  employed  by  Rowlandt,only  that 
he  employed  a  tangent-galvanometer  to  determine  the  inten- 
sity of  the  inducing  current,  but  a  special  galvanometer  to 
determine  the  induced  current ;  it  was  necessary  also  to  deter- 
mine the  ratio  of  the  intensities  of  horizontal  force  at  the  posi- 
tion of  the  two  pieces  of  apparatus.  His  three  induction- 
coils  had  a  diameter  of  about  2 7 "4  centim.,  and  were  wound 
on  frames  having  a  thick  brass  rim  on  each  side.  They  could 
be  combined  in  pairs,  so  that  the  one  which  served  as  inductor, 
through  which  a  constant  current  flowed  which  could  be  in- 
terrupted, might,  be  placed  at  four  different  distances  from 
the  others  (6-5  up  to  11-47  millim.).  Very  thin-covered 
copper  wire  (no.  22)  was  taken  for  the  coils;  so  that  the 
sources  of  error  mentioned  on  p.  260,  caused  by  displacement 
of  the  covering,  the  mutual  compression  of  the  coils,  and  ex- 
pansion of  the  wire,  become  very  prominent.     Since  the  in- 

*  An  indirect  method  employed  by  Fr.  "Weber  to  determine  the  resist- 
ance of  a  zigzag  platinum  wire  placed  in  a  calorimeter,  from  the  heat  pro- 
duced by  a  current  -whose  strength  in  absolute  measure  was  determined 
by  means  of  a  tangent-galvanometer  of  known  dimensions,  can  hardly  be 
placed  by  the  side  of  the  more  direct  methods,  on  account  of  the  difficulty 
of  all  calorimetric  measurements.  Nevertheless  Fr.  Weber  finds  hj  this 
method,  by  comparison  with  his  Siemens  standard,  a  resistance  for  the  latter 
of  0-95G0,  which  again  differs  only  O'l  per  cent,  from  the  other  determi- 
nations. 

t  liowland, '  Silliman's  Journal,'  1878  (3),  pp.  325,  430. 
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diiction-coils  are  so  close  together,  a  small  error  in  measurinor 
their  distance  apart  is  of  great  influence — the  more  so  since, 
from  what  has  been  said,  it  follows  that  the  position  of  the 
separate  coils  could  not  be  accurately  controlled.  That  the 
distance  of  the  coils  apart  at  various  points  was  measured  to 
the  2*0  niillim.,  and  that  the  mean  distance  apart  is  given  to 
-Yooo  niillim.,  and  the  mean  radius  to  the  Yono(j  millim.,  can 
hardly  be  regarded,  in  view  of  the  above-mentioned  disturbing 
causes,  as  a  guarantee  of  the  actual  exactitude  of  the  results. 
Since  the  length  of  the  needle  of  the  tangent-galvanometer 
(2*  7  centim.)  amounted  to  only  ^  of  the  diameter  of  the  coil 
(50  centim.),  the  deviation  from  the  law  of  tangents  is  imper- 
ceptible ;  but,  on  the  other  hand,  there  is  an  important  source 
of  error  in  the  fact  that  the  needle  turned  upon  a  point. 
Rowland  asserts  that  the  needle,  which  was  provided  with  a 
pointer  playing  over  a  circle  of  20  centim.  diameter,  always 
took  up  its  position  accurately  to  1  or  2  minutes  (1  minute 
corresponds  to  only  0'03  millim.  upon  the  circle).  Since  this 
does  not  at  all  agree  with  previous  experience,  an  exact  ex- 
planation how  so  great  sensitiveness  was  obtained  is  indis- 
pensably necessary. 

The  needle  of  the  galvanometer  was  1'25  centim.  long  ; 
the  coils,  which  were  brought  up  to  it  from  the  east  and  west, 
had  an  internal  diameter  of  3  centim.  and  an  outer  diameter 
of  5'6  centim.  ;  their  inner  end-surfaces  were  at  a  distance  of 
0'935565  centim.  (thus  given  to  loo^ooo  H^iUhn.)  from  the 
point  on  which  the  needle  turned.  Whether  the  law  of  tan- 
gents is  altogether  applicable  here  must  remain  uncertain. 

Since  the  intensity  of  the  inducing  and  induced  currents  is 
measured  at  different  places,  Rowland  introduces  a  further 
complication  by  determining  the  ratio  of  the  horizontal  com- 
ponent of  the  earth's  magnetism  at  the  position  of  the  tangent- 
circle  and  of  the  galvanometer  by  surrounding  the  galvano- 
meter with  a  larger  coil,  sending  the  same  current  through  it 
and  the  tangent-circle,  and  comparing  the  deflections.  The 
radius  of  the  new  circle  (some  4  centim.)  is  again  given  to 
Toooo  millim. 

The  values  of  the  different  dimensions  given  to  so  many 
decimal  places  are  probalily  not  regarded  by  the  author  him- 
self as  accurate  in  the  same  degree,  the  last  decimals  (obtained 
by  interpolation)  being  added  for  the  sake  of  completeness. 
It  is,  however,  always  advisable  to  give  exact  account  how  iav 
actual  observation  goes,  since  the  mean  values  can  never  be 
accurate  beyond  the  limit  of  possible  observation,  or  else  with 
the  roughest  measures  it  would  be  possible  by  repeating  mea- 
surements to  obtain  any  required  degree  of  minuteness. 


272  Prof.  G.  Wiedemann  on  the  Methods 

Since,  moreover,  the  sources  of  error  mentioned  above  may 
undoubtedly  cause  considerable  deviations,  such  a  one-sided 
accuracy  cannot  be  a  guarantee  for  the  exactitude  of  the  final 
results  *. 

On  account  of  the  much  larger  number  of  determinations 
which  this  method  requires,  I  consider  it  much  less  suitable 
for  the  final  construction  of  a  definite  resistance  than  the 
fourth  and  first  of  Weber's  methods,  of  which  again  I  give 
the  preference  to  the  latter. 

After  a  conductor  A  of  known  absolute  resistance  has  been 
constructed,  by  the  one  method  or  the  other,  it  has  to  be  com- 
pared with  the  resistance  B  of  a  mercury  column  of  known 
dimensions  in  order  to  determine  the  length  of  such  a  column 
of  1  square  millimetre  section  which  possesses  1  ohm  resistance. 

If  we  employ  Weber's  first  method,  we  may  introduce  the 
mercury  column  B  directly  between  the  inductor  and  multiplier, 
and  calculate  the  resistance  of  B  from  the  decrease  of  inten- 
sity ;  otherwise  the  resistances  A  and  B  may  be  compared  by 
means  of  the  differential  galvanometer,  or  more  conveniently 
by  means  of  the  Wheatstone's  bridge,  according  to  the  accurate 
method  already  employed  by  W.  Siemens  in  constructing 
copies  of  his  mercury  unit.  Since  we  already  know  the  length 
of  mercury  corresponding  to  1  ohm  very  nearly,  we  take  care 
to  arrange  the  resistance  B  so  as  to  be  as  nearl}^  as  possible 
equal  to  the  resistance  A. 

It  is  highly  important,  after  calibration  of  the  measuring- 
wire,  to  secure  perfect  contacts  by  using  freshly-amalgamated 
thick  copper  connecting-pieces  and  cups  full  of  pure  mercury, 
the  resistance  of  which  is  previously  detennined  by  including 
several  in  a  circuit.  Pluor-contacts  are  not  sufiicientlv  accu- 
rate.  Also  the  temperature  must  be  carefully  kept  constant 
throughout  at  the  right  point,  as  was  the  case  in  the  construc- 
tion of  Siemens's  copies. 

*  If  we  employ  in  this  and  other  methods  a  coil  wound  uniformly  on  a 
closed  ring,  a  neutral  solenoid,  as  inductor,  hut  as  induced  coil  a  coU 
surrounding  the  former  at  one  point,  the  conditions  are  so  far  simpler 
that  the  cun-ent  due  to  opening  or  closing  the  cuiTent  in  the  solenoid,  only 
the  linear  dimensions  of  the  solenoid,  its  interior  and  exterior  diameters 
d  and  d^,  the  number  of  coils  of  the  induction-coil  and  of  the  solenoid,  or  in 
the  case  of  a  solenoid  of  rectangular  section  the  height  a,  are  concerned 
(compare  Eoiti,  Atti  di  Torino,  vol.  xvii.,  30th  April  1882).  Nevertheless 
the  emplo^Tuent  of  such  a  solenoid  is  attended  with  the  great  difficulty 
of  winding  the  wire  exactly  upon  it,  and  of  measuring  its  dimensions  with 
sufficient  accuracy.  The  latter  is  the  more  difficult,  since  the  section  of 
the  solenoid  can  only  be  taken  relatively  small,  and  the  formula  contains 

the  expressions  Vc?-  V^/j  for  a  solenoid  with  circular  section,  a  log -J 
for  a  solenoid  with  rectangular  section. 
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A  difficulty  presents  itself  here,  since  induced  currents  are 
produced  in  A  on  opening  and  closing  the  current  which 
flows  through  the  combination  of  Avires.  We  must  therefore 
either  employ  a  constant  current  of  such  feeble  intensity  that 
the  heating  of  the  circuit  shall  be  imperceptible,  or,  according 
to  the  method  of  Kohlrausch*.  Avho  has  also  worked  out  the 
necessary  calculations,  we  must  employ  an  induction-appa- 
ratus which  sends  alternatino-  currents  throuoh  the  circuit. 
A  special  source  of  error  is  found  in  making  contact  with  the 
mercury  column  contained  in  an  accurately-calibrated  care- 
fully cleaned  glass  tube.  The  ends  of  the  tube  terminate  in 
glass  vessels  of  diameter  relatively  large.  The  apparatus  is 
best  filled  with  mercury  by  pouring  mercury  into  one  of  the 
vessels  and  inclining  the  apparatus  towards  the  same  side, 
then,  after  closing  the  openings,  repeatedly  exhausting  the 
apparatus  as  completely  as  possible,  gently  warming  the  tube, 
then  allowing  pure  air  which  has  passed  over  phosphoric 
anhydride  and  wadding  to  enter,  and  finally,  after  exhausting 
again,  allowing  the  merciuy  to  floAV  into  the  tube  by  placing 
it  in  a  horizontal  position.  If  the  electrodes  are  immersed  in 
the  vessels  containing  mercury',  then  the  resistance  of  the  mer- 
cury in  the  tube  is  increased  by  that  of  the  mercury  contained 
in  the  vessels  up  to  the  ends  of  the  electrodes.  This  resistance 
may  be  calculated  on  the  assumption  that  the  vessels  are  infi- 
nitely large.  It  might  perhaps  be  advantageous  to  determine 
it  directly  by  compensating  the  resistance  of  a  tube  filled  with 
mercury  with  two  contact-vessels  by  a  nearly  equal  resistance 
on  Wheatstone's  bridge,  and  then  to  cut  the  tube  at  one  or 
more  points  and  to  introduce  wider  mercury  vessels  of  suitable 
form,  and  then  again  determine  the  resistance.  We  might 
also  introduce  two  tubes,  of  lengths  7h  and  n  and  of  equal  sec- 
tion, between  the  same  contact-vessels,  and  compare  their 
resistances,  and  from  the  data  so  obtained  calculate  the  resist- 
ance of  the  vessels. 

In  order  to  avoid  this  separate  comparison  of  the  resistance 
of  the  coil  determined  in  absolute  measure  with  a  mercury 
column,  Carey  Foster  t  and  Lippmann  %  have  almost  simul- 
taneously suggested  (L.)  or  carried  out  (C.  F.)  the  ingenious 
plan  of  employing  Weber's  fourth  method,  as  adopted  by  the 
British  Association,  and  Poggendorfi'^s  compensation-method 

*  PoggendorfI''8  Amxden^  1871,  vol.  cxlii.  p.  418. 

t  Carey  Foster. '  Electriciau,'  1881,  vol.  vii.  p.  266  ;  Beihliitter,  vol.  vi. 
p.  133. 

X  Lippuiauu,  Comptes  Renilus^  1881,  vol.  xciii.  \\.  713 ;  Beibliitter, 
vol.  vi.  p.  43. 

Phil  Mag.  S.  5.  Vol.  14.  No.  88.  Od.  1882.  T 
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for  tletermining  electromotive  force  without  having  previously 
determined  the  resistance  of  the  rotating  coil. 

Let  the  resistance  B,  to  be  investigated  and  a  tangent  com- 
pass be  included  in  the  circuit  of  a  constant  pile,  e.  g.  a  thermo- 
pile.    Let  the  ends  of  the  resistance  be  connected  also  bv  a 
second  circuit,  into  -svliich  a  delicate  galvanometer  and  the 
coil  rotating  about  a  vertical  axis  are  introduced  during  a 
particular  phase  of  its  motion  by  means   of  a  commutator 
revolvino-  with  the  coil.     The  velocitv  of  rotation  is  so  regn- 
lated,  or  the  resistance  in  the  branch  containing  the  constant 
pile  is  so  altered,  while  the  velocity  of  rotation  of  the  coil 
remains  constant,  that  the  galvanometer  is  not  affected.    Then, 
at  the  moment  that  the  coil  is  introduced,  the  induced  electro- 
motive force  in  it  is  equal  to  the  ditference  of  potential  at  the 
ends  of  the  conductor  R  caused  by  the  thermopile.     If  the 
current-intensity  in  it,  and  also  in  the  circuit  of  the  thermo- 
pile and   of  the  tangent-galvanometer,  be  equal  to  J,  then 
E  =  JE.      The   factor  of   reduction  of  the   tangent-galvano- 
meter is  to  be  determined  from  its  dimensions  and  the  hori- 
zontal component  of  the  earth's  magnetism  at  the   place,  and 
in  the  same  way  the  electromotive  force  induced  by  the  rota- 
tion of  the  inductor.     Li  most  cases  we  may  assume  the  hori- 
zontal component  of  the  earth^s  magnetism  to  be  the  same  at 
both  places,  as  in  Weber's  first  method,  Avhich  thus  disappears 
from  the  calculation.     In  this  method,  therefore,  we  have  the 
same  determinations  to  make  as  in  Weber's  fourth  method. 
The  uncertainty  of  contact  in  the  connnutator  is  without  in- 
fluence, since  Avhen  the  galvanometer  is  not  affected  there  is 
no  current  in  the  indttctor-circuit.     If  we  adjust  the  commu- 
tator so  that  it  makes  contact  with  the  coil   at   the  time  of 
maximum  induction,  just  at  the  moment  when  it  varies  least, 
then,  if  the  ratios  are  in  other  respects  properly  chosen,  the 
influence  of  self-induction  in  the  rotating  coil  is  reduced  to  a 
minimum.     A  certain  amount  of  care,  however,  is  required 
in  order  to  avoid  thermo-electric  disturljances,  resulting  from 
the  heating  of  the  points  of  contact;  and  the  determination  of 
the  exact  phase  during  which  the  commutator  makes  contact 
offers  a  certain  amount  of  difficulty. 


The  results  so  far  obtained  by  the  different  methods  are, 
some  of  them,  tolerably  far  apart,  although  the  investigations 
have  been  carried  out  with  great  care,  if  not  in  all  points  with 
the  most  perfect  experimental  means  which  a  final  determi- 
nation of  the  ohm  demands.  Thus  the  resistance  of  a  mercury 
column  1  metre  long  of  1  square  millim.  section  at  0°  C.  was 
found  by  the  first  experiments  of  the  13iitish  Association  to 


employed  for  determining  the  Ohm.  27b 

be  0*9830;  according  to  F.  Kohlrauscli  it  is  0"9717;  accord- 
ing to  F.  Weber  0*9550;  and  according  to  Lord  llayleigli  and 
Mrs.   Sidgwick  0-9413  /iqo  centnn.x      ^^^  ^^^^^  ^^^^^  ^^^^_ 

°  \  sec.    /• 

structed  by  the  British  Association,  according  to  F.  Kohl- 
rausch  is  1'019G;  according  to  Rowland  0*9910^  and  according 

to  Eayleighand  Schuster  0-9893  of  the  true  ohm  flO^-"^'^'). 
•^     ^  \  sec.    / 

Hence  at  any  rate  it  is  indicated  that  the  final  determina- 
tion of  the  ohm  must  not  rest  alone  on  experiments  made  only 
according  to  one  method  and  carried  out  at  one  place.  Fur- 
ther, the  results  of  each  separate  method  (as  I  haAC  already 
mentioned)  offer  security  against  possible  constant  errors  only 
if  they  are  obtained  from  entirely  independent  series  of  ex- 
periments, made  with  apparatus  varied  in  all  possible  ways. 
Since  investigations  are  already  in  progress  in  different  places, 
Avith  excellent  apparatus  and  according  to  different  methods, 
"we  may  shortly  expect  to  be  in  a  position  to  compare  together 
the  data  which  they  yield,  and  so  to  attain  as  reliable  a  final 
result  as  possible. 

In  such  important  and  permanent  determinations  as  those  of 
the  electrical  units,  a  delay  of  a  few  months  is  of  no  import- 
ance whatever  in  comparison  with  the  reliability  of  the  result  to 
be  obtained.  Any  introduction  of  the  ohm  as  given  by  detached 
series  of  observations  and  distribution  of  copies  for  practical 
use  would  therefore  be  premature  and  without  authority. 


The  Commission  appointed  for  the  determination  of  the 
electrical  units  does  not  complete  its  task  by  simply  deter- 
mining the  ohm.  It  is  further  necessary  to  cor^  truct  at 
least  one  of  the  two  remaining  units,  e.  g.  the  volt.  Since  it 
is  at  present  impossible  to  construct  this  in  a  form  capable  of 
reproduction,  it  will  be  necessary  first  to  compare  electro- 
motive forces  with  those  of  a  constant  element  whose  electro- 
motive force  is  known  in  volts.  We  are  therefore  in  the  same 
case  as  if,  wishing  to  measure  a  length  in  metres,  we  were 
obliged  to  employ  a  yard  measure  whose  ratio  to  the  metre 
was  known.  So  much  the  more  thoroughly  are  we  obliged 
t,o  investigate  the  electromotive  forces  of  the  galvanic  cells  to' 
be  employed  as  intermediate  measures,  and  their  dependence 
upon  external  conditions.  The  cell  invented  by  Latimer 
Clark  has  indeed  been  shown  to  be  capable  of  reconstruction 
of  exactly  the  same  electromotive  force  ;  at  the  same  time  it 
can  only  be  employed  for  electrostatic  measurements,  since  it 
becomes  polarized  Avhen  used  to  produce  a  current.     Obser- 

TiJ 
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vations   with  reference  to  Dauiell's  and   other  cells  do  not 
appear  to  me  to  lead  to  any  certain  conclusion. 

Similar  indirect  methods  have  to  be  employed  for  measuring 
the  intensity  of  a  current  in  absolute  measure;  the  factor  of 
reduction  of  the  tangent-galvanometer  employed,  for  example, 
has  to  be  determined.  This  problem  has  been  considerably 
facilitated  by  the  recent  investigations  of  F.  Kohlrausch  and 
Mascart  on  the  electrochemical  equivalent  of  silver,  which, 
however,  exhibit  small  deviations  among  themselves.  There 
is  here  consequently  a  rich  field  for  accurate  investigation,  for 
which  we  have  already  a  series  of  valuable  preliminary  inves- 
tigations. All  these  labours,  however,  can  only  give  a  final 
result  sufticient  for  our  present  purpose  when  they  are  exe- 
cuted upon  some  common  and  well  organized  plan,  and  are 
carried  out  with  the  most  perfect  experimental  means. 


XXXI.  Crydallograpliic  Notes.  By  L.  Fletcher,  M.A.,  of 
the  Mineral  Department,  British  Museum;  late  Felloio  of 
University  College,  Oxford*". 

[Plate  VI.] 

X.    On  Tivins  of  Copper  Pyrites. 

THE  memoir  of  Haidingerf  on  the  Crystallisations  of 
Copper  Pyrites,  published  so  long  ago  as  the  year  1822, 
was  so  exhaustive  and  withal  so  simple  in  its  character  that 
little  seemed  to  be  left  to  tempt  the  crystallographer  to  devote 
further  study  to  this  mineral;  and  in  fact,  with  the  exception 
of  the  papers  of  Sadebeck,  whose  early  death  all  interested  in 
the  progress  of  mineralogy  must  so  deeply  deplore,  and  the 
confirmatory  data  in  Groth's  Catalogue  of  the  Collection  of 
the  University  of  Strassburg,  we  have  still  no  other  informa- 
tion at  our  disposal.  A  study  of  these  memoirs  and  of  the 
various  text-books  of  mineralogy  leaves  upon  one's  mind  such 
a  feeling  of  doubt  as  to  the  true  statement  of  one  of  the  laws 
of  twin-growth,  and  that  (as  will  be  explained  later)  a  law 
almost,  if  not  quite,  unique  in  the  domain  of  crystallography, 
that,  at  the  suggestion  of  Professor  Maskelyne,  the  collection 
of  copper  pyrites  in  this  Museum  has  been  examined  with  a 
view  to  a  possible  settlement  of  the  difficulty. 

To  get  a  clear  idea  of  the  present  position,  it  is  necessary  to 
trace  the  history  of  this  particular  law  from  its  first  statement 
down  to  the  present  time. 

In  the  above  memoir  of  1822,  the  twin-growths  of  copper 

*  Read  before  the  Orj'stallological  Societ}',  June  S,  1882. 
t  Memoirs  of  the  "SVeruerian  Society,  vol.  iv.  p.  1,  1822. 
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pyrites  were  assigned  by  Haidinger  to  three  distinct  laws.  In 
the  first  kind,  the  twin-plane,  or  plane  of  rotation,  is  a  fiice  of 
the  octahedron  {111},  and  the  composition-plane,  or  plane 
of  junction,  is  generally  parallel,  hut  sometimes  perpendicular, 
to  the  twin-plane  :  these  growths  correspond  to  the  blende 
twins  of  the  Cubic  system.  In  the  second,  the  twin-plane  is  a 
face  of  the  octahedron  {101},  and  the  composition-plane  is 
j^erpendicular  to  the  twin-plane.  In  the  third,  the  twin-plane  is 
a  face  of  the  prism  {1  10},  and  the  individuals  are  interpene- 
trant.  The  second  law  is  that  with  respect  to  which  uncer- 
tainty has  arisen;  and  it  is  with  this  law  that  we  have  now  to 
deal. 

In  the  original  memoir  of  1822  the  growth  is  so  clearly 
described,  and  the  law  so  distinctly  expressed,  that  it  is  impos- 
sible to  read  the  memoir  and  to  mistake  its  meaning.  Three 
years  later,  however,  Haidinger  published  in  the  '  Edinburgh 
Journal  of  Science  '  a  series  of  papers  "  On  the  Regular  Com- 
position of  Crystallised  Bodies,"  copiously  illustrated  with 
figures  which  have  since  found  their  way  into  almost  every 
manual  of  the  science  ;  and  in  its  natural  place  in  the  tetra- 
gonal (or  pyramidal)  system  he  describes  once  more,  though 
briefly,  the  particular  growth  of  copper  pyrites  which  we  are 
about  to  consider.  There  is  little  doubt  that  this  secondary 
description  has  been  the  cause  of  serious  misunderstanding. 

On  page  68  of  vol.  iii.  (1825)  we  read  as  follows : — "  Regular 
composition  often  also  takes  place  in  this  species  parallel  to  a 
plane  of  P  — 1{1  0  1},  or  perpendicular  to  the  terniinal  edges 
of  P  {1 1 1}.  There  are  particularly  two  varieties  of  tJiis  case 
which  in  the  present  place  deserve  our  attention.  The  indi- 
viduals are  either  joined  in  pairs,  or  one  central  individual  is 
surrounded  by  four  others,  added  in  the  direction  of  all  the 
edges  of  P.  The  product  of  the  first,  in  the  fundamental 
pyramid,  would  be  fig.  30  [similar  to  fig.  6].  This  has  not 
yet  been  observed ;  but  it  will  serve  for  explaining  fig.  31 ,  a 
variety  of  the  form   P -co  {0  01},  P-2{112f,  P{111}, 

P{302},  and  ^P  +  l{332};  from  the  mines  of  the 


O 


2s/2      ^^^-^'  2^/2 

district  of  Siegen  in  Prussia.  This  and  several  other  interest- 
ing varieties  of  forms  from  the  same  locality  I  have  described 
on  another  occasion  (Jfem.  Wern.  Soc.  vol.  iv.  part  1,  p.  1, 
1822),  from  specimens  in  the  possession  of  Mr.  Sack,  of  Bonn." 
Taken  by  itself,  this  explanation  might  at  first  sight  suggest 
the  interpretation  which  seems  to  have  been  placed  upon  it  by 
some  cr3'stallogra])liers — namely,  that  there  are  twin-growths 
of  copper  pyrites  in  which  the  plane  of  composition  is  parallel 
to  a  plane  of  the  octahedron  {101}, 
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This  intei'pretation  can  never  have  been  intended  by  Haidinger. 
At  the  beginning  of  the  series  he  had  remarked  that,  for  the 
precise  definition  of  a  twin-growth,  two  planes  must  be  given : — 
first,  the  twin-plane,  or  plane  of  rotation,  to  indicate  the 
relative  directions  of  corresponding  faces  of  the  two  individuals  ; 
and,  secondly,  the  composition-plane,  or  plane  of  junction,  to 
indicate  their  relative  positions.  Haidinger's  initial  sentence, 
"regular  composition  takes  ])lace  parallel  to  a  plane  of  {101}, 
or  perpendicular  to  the  terminal  edges  of  {1 1  1},"  may  there- 
fore refer  either  to  the  plane  of  twinning  or  to  that  of  com- 
position, and  to  this  extent  is  indefinite.  But  seeing  that 
no  plane  of  {101}  is  perpendicular  to  a  terminal  edge  of 
{111},  the  above  sentence  must  indicate  two  distinct  cases 
if  the  reference  be  to  a  composition-plane,  while  if  the  refer- 
ence be  to  a  twin-plane,  only  a  single  case  is  indicated  ;  for, 
as  Avill  be  shown  later,  a  rotation  through  two  right  angles 
in  a  plane  of  the  octahedron  {101}  is  crj-stallographically 
identical  in  its  results  with  a  rotation  through  two  right 
angles  })erpendicular  to  (or  round)  a  terminal  edge  of  the  octa- 
hedron {111}.  That  Haidinger  only  recognizes  a  single  case 
is  evident  from  the  italics  in  the  next  line  of  the  above  quotation. 
As  a  matter  of  fact,  the  figure  of  the  twinned  octahedron, 
repeated  from  his  first  pajjer,  sho\AS  the  plane  of  composition 
as  perpendicular  to  the  twin  })lane,  though  this  is  only  evident 
after  careful  inspection.  His  final  reference  to  the  original 
memoir  without  calling  attention  to  any  deviation  therefrom, 
shows  that  he  was  still  in  accord  with  the  explanation  there 
given. 

From  this  we  conclude  that  either  a  careful  study  of  this 
later  paper  of  Haidinger  on  the  regular  composition  of  crys- 
tallised bodies,  or  a  simple  reference  to  his  original  memoir 
on  the  crystallisations  of  copper  ])yrites,  would  have  made 
clear  the  fact  that  Haidinger  regarded  the  composition-plane 
as  perpendicular  to  the  twin-plane  (101),  though  we  grant 
that  at  first  glance  his  second  paper  might  suggest  that  the 
composition-plane  is,  in  some  cases  at  least,  parallel  to  the 
plane  of  twinning  (1  0  1). 

In  1830,  Naumann's  well-known  w.ork*  did  in  fact  state 
the  law  differently  from  Haidinger,  and  assumed  the  plane  of 
composition  to  he  parallel  to  that  of  rotation.  In  his  preface 
Naumann  makes  special  mention  of  the  help  he  had  derived 
from  Haidinger's  series  of  papers  on  regular  composition,  and 
in  his  description  of  these  particular  growths  adopts  some  of 
the  figures  there  given.  It  seems  quite;  impossible  for  this 
deviation  from  Haidinger  to  have  been  introduced  wittinoly; 

*  Lehrhnch  dcr  rcincn  xuul  (nujcicamltcn  KryMaUofiraphie,  18-30. 
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for  attention  is  not  directed  to  the  difference  in  the  explana- 
tions, and,  further,  it  is  unhkely  that  Naumann  had  been  able, 
so  soon  after  the  publication  of  Haidinger's  work,  to  under- 
take a  special  and  minute  study  of  this  particular  law. 

We  feel  that  the  above  reasoning  shows  clearly  enough  that 
Naumann's  statement  is  a  simple  misinterpretation  of  that  of 
Haidinoer  and  that  this  can  onlv  have  resulted  from  the  fact 
that  Nauniann  referred  to  the  secondary,  and  not  to  the  ori- 
ginal, explanation  given  by  the  author  of  the  law. 

As  Naumann's  "'  Crystallography '  became  the  recognized 
and  universal  text-book  on  the  subject,  this  statement,  though 
a  mistaken  one,  has  been  extensively  circulated,  and  appears 
probably  in  every  text-book  of  the  present  day,  though,  as 
might  have  been  expected,  the  explanation  of  1822  is  repeated 
in  Haidinoer's  own  manual  of  1845. 

In  1868*  Sadebeck  published  the  results  of  his  study  of 
specimens  of  copper  pyrites  (belonging  chiefly  to  the  Berlin 
collection),  and  in  the  explanation  of  the  twins  assumed  the 
correctness  of  Naumann's  statement  of  the  law.  In  a  second 
paper,  published  in  the  following  yearf,  he  gives  an  explana- 
tion of  his  position,  so  very  brief  and  so  clearly  illustrative  of 
the  present  difficulties  that  a  translation  is  given  Ircre: — 

"  In  my  memoir  on  copper  pyrites  I  have  A\rongly  stated  the 
law  of  twinning;  for  I  have  supposed  the  twin-plane  to  be  also 
the  composition-plane.  According  to  this,  one  pair  of  tetra- 
hedron-faces should  meet  in  a  salient  angle  of  1°  24',  and  the 
opposite  pair  in  a  reentrant  angle  of  the  same  magnitude. 
After  I  had  published  the  memoir,  Haidiuger  informed  me 
by  letter  that  this  was  not  the  explanation  he  himself  had 
o-iven,  as  mar  be  seen  from  his  statement  in  the  'Edinburgh 
Journal  of  Science,''  which  runs  thus: — 'Composition  takes 
place  perpendicular  to  the  terminal  edges  of  P.'  In  conse- 
quence of  this  friendly  private  communication  from  so  famed 
a  Nestor  of  the  science,  I  subjected  the  crystals  again  to  a 
careful  study.  The  result  was  that  I  found  it  impossible  to 
say  whether  the  tetrahedron-faces  actually  coincided,  or  formed 
an  angle  of  1°  24'.  This  led  me  to  retain  my  old  view,  since 
that  law  seemed  to  me  a  simpler  one  which  regarded  a  plane 
of  the  form  {101}  as  at  once  twin-plane  and  composition- 
plane.  But  if  I  now  apply  the  general  law  for  tetrahedral 
twins  to  this  case,  it  follows  that,  as  faces  of  the  positive 
tetrahedron  of  the  one  individual  are  adjacent  to  faces  of  the 

*  "  Uebei"  die  Krystallfovmen  des  Kupferkieses,"  Zeit.  d.  deutsch.  (jeolog. 
Geselhch.  p.  GOo,  vol.  xx.  18G8. 

t  "  AUgemeiues  Geselz  fiir  tetraedrische  Zwilliug-sbildungy'  Zeit.  d, 
deidsch.  ycohy.  Geselhch.  p.  642,  vol.  xxi.  18G0, 
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positive  tetrahedron  of  the  other,  the  composition-plane  is 
perpendicular  to  the  twin-plane.  The  tetrahedron-faces  there- 
fore must  really  fall  into  a  plane;  and  I  hope  that  crystals 
may  yet  be  found  which  will  leave  the  matter  beyond  doubt." 

From  this  we  conclude : — iirst,  that  Sadebeck  had  followed 
Naumann,  assuming  his  explanation  to  be  that  of  Haidinger  ; 
secondly,  that,  owing  to  the  practical  difficulty  of  distinguish- 
ing between  growths  according  to  the  two  laws,  he  could  come 
to  no  decision  from  simple  examination  of  the  specimens  ; 
and,  thirdly,  that  he  declared  in  favour  ^of  Haidinger's  view 
merely  that  the  law  might  not  be  at  variance  with  a  second 
law,  which  was  true  in  certain  cases,  but  of  which  the  general 
application  had  not  been  proved. 

Apparently  before  1876  there  was  another  change  of  view 
on  the  part  of  Sadebeck  ;  for  on  page  S2  of  Hose  and  Sade- 
beck's  '  Cr3^stallography  '*,  where  this  law  is  briefly  referred 
to,  we  read  that  "the  individuals  have  a  face  of  the  form 
{101}  for  composition-plane ;"  and  a  footnote  gives  a  refer- 
ence to  the  first  paper  of  Sadebeck,  without  stating  whether 
or  not  he  had  since  obtained  that  evidence  of  the  incorrect- 
ness of  Haidinger's  explanation  which  was  confessedly  want- 
ing so  late  as  the  time  of  publication  of  the  second.  The 
omission  of  any  reference  to  the  difficulty  may  have  arisen 
from  unwillingness  to  perplex  the  student  of  an  elementary 
text-book. 

The  next  mention  of  the  law  is  made  in  Groth's  Catalogue  of 
the  Strassburg  Collection  (1878).  We  there  find  that,  "  as  for 
the  regular  growths  of  copper  pyrites,  the  results  of  Sadebeck 
are  quite  confirmed  by  the  specimens  in  the  Strassburg  collec- 
tion ;"  and  further  on  we  read  that  these  particular  growths 
are  symmetric  twins  about  a  plane  of  the  form  {lOlj.  In 
other  words,  Sadebeck'sy??"*/  explanation,  or  that  of  Naumann, 
is  accepted.  There  is  no  reference  to  the  difficulty  in  which 
Sadebeck  had  found  himself  placed;  indeed  it  is  quite  possible 
that  the  later  explanation  of  Sadebeck,  agreeing  with  that  of 
Haidinger,  had  escaped  notice  owing  to  its  having  appeared 
in  a  paper  dealing  with  a  more  general  subject  and  having  no 
reference  to  copper  pyrites  in  its  title  :  in  any  case  no  mea- 
surements are  recorded  which  render  it  possible  to  distinguish 
betw^een  the  two  statements  of  the  law. 

In  the  latter  part  of  the  same  year,  according  to  a  paper  on 
haplohedral  hemihedry  f,  either  Sadebeck  was  in  a  state  of 
doubt  as  to  which  is  the  correct  explanation,  or  else  he  con- 
sidered both  correct;  for  we  read  as  follows: — "If,  on  the 

*  Rose  and  Sadebeck's  Elemente  tier  KrystaUof/raplde,  1876. 
t  "Ueber  geneigtflachige  Ilemiedrie,"  Zeit.  d.  deutsch.  (jcohy.  Gesellsch, 
p.  GOl,  vol,  XXX.  1878. 
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one  hand,  a  face  of  {1  0  1}  be  both  twin-plane  and  composition- 
plane,  the  adjacent  tetrahedron-faces  form  small  salient  or  re- 
entrant angles  ;  if,  on  the  other  hand,  the  composition-plane 
be  perpendicular  to  the  twin-plane,  the  tetrahedron-faces  of 
the  one  are  coincident  with  the  adjacent  faces  of  the  other." 
The  probability  is  that  both  are  mentioned,  not  because  Sade- 
beck  believed  them  to  be  both  true,  but  merely  to  show  that 
in  either  case  the  position  then  being  contended  for  was  a 
tenable  one  ;  and  in  fact  the  position  of  the  composition-plane 
has  no  further  bearing  on  the  argument  of  that  paper. 

It  would  at  first  sight  appear  that  a  difference  of  a  right 
angle  in  the  position  of  the  plane  of  composition  would  mani- 
fest itself  by  angular  differences  in  the  twin  sufficient  to  render 
any  difficulty  of  distinction  impossible  ;  we  shall  therefore 
attempt  to  make  quite  clear  what  differences  would  be  ob- 
served in  growths  characterized  by  such  different  laws. 

Fig.  2  represents  an  octahedron  {111}  of  copper  pyrites  in 
equipoise,  ah  c  d  being  one  set  of  similar  alternate  faces,  and 
uj3y8  the  other  set  respectively  parallel  to  the  first.  This  figure 
approaches  very  nearly  to  the  regular  octahedron  of  geometry 
and  of  the  Cubic  system,  of  which  the  faces  are  all  equilateral 
triangles  and  the  sections  through  the  edges  all  squares  :  the 
difference  therefrom  was  first  made  known  by  Haidinger  in  the 
memoir  of  1822.  Though  A  B  A  B,  the  basal  section  of  an 
octahedron  of  copper  pyrites,  is  a  square,  the  sections  C  A  C  A, 
C  B  C  B  through  the  terminal  edges  are  merely  rhombs,  the 
angles  in  the  vertical  axis  being  90°  51',  and  in  the  horizontal 
axes  89°  9';  the  triangular  faces  are  only  isosceles,  the  vertical 
angle  of  each  being  60°  29'  and  the  basal  angles  59°  45^'. 

In  fig.  l,abcd  and  a(3y8  are  the  stereographic  projec- 
tions of  the  points  in  which  lines  drawn  through  the  centre 
parallel  to  the  normals  of  the  faces  of  the  octahedron  of  fig.  2 
would  meet  the  sphere. 

The  faces  of  the  form  {lOlJ-  truncate  the  terminal  edo-es 
of  the  octahedron  {111};  T  T  Q  Q,  four  of  the  poles  of  this 
form,  are  shown  in  fig.  1. 

According  to  Haidinger's  measurement,  2  Ca  is  108°  40', 
whence  ^^^  qq  ^  ^^^^  q^  ^^^  q  q^^  ^  ^^^^  q^^  ^^^  450^ 

Thus 

QC  =  44°  341',  QT  =90°  51',  and  Qa=35°  3|' ; 
also 

cos  T(7  =  cos  Q  a  cos  Q  T, 
and 

T«  =  T/3=90°41f', 

wlule  ^^  ^^  ^^  =180°-90°  41f'=  Sr  I8I'. 


282  Mr.  L.  Fletcher's  Cri/stallopraphir  Notes. 

Fig.  3  represents  a  second  crystal,  with  its  faces  Oi  hi  Ci  d^ 
«i/3i7iSi  parallel  respectively  to  the  faces  ahcdu^yh  of 
%.  2. 

Both  versions  of  the  la\v  assume  that  the  plane  of  rotation 
or  the  twin-plane  is  a  face  of  the  form  {101}.  Let  us  take 
for  the  particular  plane  of  rotation  the  plane  (101)  which 
truncates  the  edge  S^  Cj,  or  the  edge  S  c,  and  is  represented  in 
the  stereographic  projection  bj  its  pole  T. 

On  rotating  the  crystal  represented  in  fig.  3  through  two 
right  angles  round  the  normal  TT  to  the  plane  (101),  its 
faces  will  take  up  positions  represented  in  fig.  4;  and  the  poles 
of  the  faces  in  this  new  arranoement  are  introduced  in  fiof.  1 
as  (ii  hi  Ci  f^i  «i  /Si  7i  Si.  In  the  first  place  we  may  remark  that 
as  each  of  the  pairs  of  faces  Si  Ci  and  yj  di  is  diagonally  sym- 
metrical to  the  line  T  T  about  Avhich  the  rotation  takes  place, 
Ci  will  after  the  rotation  have  a  direction  parallel  to  that  belong- 
ing previously  to  the  face  S„  and  still  belonging  to  the  face  8  ; 
and  similarly  the  face  di  will  after  the  rotation  have  a  direction 
parallel  to  that  belonging  previously  to  the  face  71  and  still 
belonging  to  7.  In  other  words,  the  faces  Ci  di  71  §1  of  the 
rotated  octahedron  shown  in  fig.  4  are  respectively  parallel  to 
the  faces  Sydc  of  the  octahedron  of  fig.  2.  If  the  octahe- 
dron had  been  the  regular  one  of  geometry,  not  only  these 
faces,  but  all  the  remaining  faces  and  all  the  edges  of  the  octa- 
hedron of  fig.  4  would  have  l^een  parallel  to  faces  and  edges 
of  the  octahedron  shown  in  fio-.  2,     As  the  line  T  T  bisecting 

O  O 

C  C  is  perpendicular  to  the  edge  C  A,  and  therefore  not 
parallel  to  the  edge  CA,  the  point  T  will  not  be  midway 
between  A  and  C ;  and  thus,  although  the  edge  A  C  would 
be  unchano-ed  in  direction  by  a  rotation  through  two  right 
angles  about  T  T,  while  B  would  be  rotated  to  B  and  B  to  B, 
yet  C  would  not  be  rotated  exactly  to  A  nor  A  exactly  to  C ; 
and  the  edge  CA  of  fig.  2  will  thus  not  be  parallel  to  Ai  Ci 
of  fig.  4,  nor  the  edge  B  A  to  the  edge  Bi  CV  In  fjtct,  while 
the  edge  Aj  Cj  is  parallel  to  the  edge  C  A,  the  angle  Ai  Oi  Ai 
is,  as  stated  above,_90°  51',  and  the  angle  C  A  C  is  89°  9'; 
whence  the  edges  Cj  Ai  C  A  must  have  a  mutual  inclination 
of  1°  42'.  Similarly,  although  the  edge  A^  Ci  is  parallel  to 
the  edge  C  A,  and  the  plane  C  A  B  to  the  plane  Ai  Ci  Bi,  the 
angle  Aj  Ci  Bi,  as  stated  aboye,  is  60°  29',  and  the  angle 
C  A  B  is  59°  45^',  whence  the  edges  B  A  Bi  Ci  are  mutually 
inclined  at  an  angle  of  43y. 

The  same  results  will  follow,  perliaps  more  simply,  from 
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a  study  of  the  stereographic  projection  of  fig.  1 ;  for  as 
Tc=  TS,  Ci  will  be  rotated  into  the  position  of  h,  and  81 
into  the  position  of  e,  while  71  will  be  rotated  to  d,  and  cZj 
to  7.  With  the  other  poles  it  will  be  different :  thus  a  will 
rotate  into  the  position  «i,  where  Ta  =  Tai  =  S9°  18^',  and 
a«i  =  Ta-T«i  =  y0°41f'-89°18i'=P23V  =  /3/>,  =  aai  =  />/3i. 
Also  T  Qi  =  T  Q  =  89^9',  whence  Q  Qi=  90°  51^-  89°  9'  = 
1°  42';  and  T  U  =  T  d  =  44°  34^',  whencejC  Ci  =  90°  51^ 

Next,  let  M  be  a  point  bisectingthe  arc  Q  Q,;  the  poles  of  the 
two  octahedra  will  be  symmetrically  disposed  to  the  twin-plane, 
represented  in  the  projection  by  the  line  M  BM;  for  TM  = 
TB  =  90°,  and  the  arcs  T6,  T«i  T«  Tb  Ta  T/3  Toi  T/3:  are 
all  equal.  From  this  it  will  follow  that  Ma  =  M/3  =  Mai  =  MZ/i; 
also  that  Mai  =  M/3i  =  M6  =  Ma ,  imtl  that  M7  M71  Mr/Mr/j 
McM^'i  MSM^i,  l)eing  all  right  angles,  are  equal  to  each 
other.  The  poles  of  the  two  individuals  are  thus  not  only 
symmetrical  to  the  twin-plane  M  B  M,  but  also  to  the  plane 
T  B  T  at  right  angles  with  it,  represented  by  an  irz-ational 
symbol  approximating  to  (100  0  99),  and  thus  not  a  crys- 
talloid plane.  The  same  arrangement  of  poles  might  therefore 
be  obtained  by  rotating  the  original  octahedron  about  the  line 
M  M  parallel  to  the  tangent  of  the  circle  at  T,  and  therefore 
to  a  ''  terminal  edge  "  of  the  octahedron  {111}.  It  may  be 
remarked  that,  although  the  same  arrangement  of  poles  will 
be  obtained  by  rotation  about  the  lines  T  T  M  M,  the  lettering 
will  not  be  identical  in  the  two  cases ;  but  as  in  both  cases  the 
planes  which  are  quite  or  nearly  coincident  in  direction  are 
always  represented  in  the  one  individual  by  italic  letters  and 
in  the  other  by  greek,  there  will  be  no  cfystallographic  dif- 
ference in  the  results  of  these  two  methods  of  derivation. 
This  proves  that,  as  has  been  mentioned  above,  Haidinger^'s 
statement,  "  regular  composition  often  takes  place  parallel  to 
a  plane  of  {101}  or  perpendicular  to  the  terminal  edges  of 
{11 1},"  indicates  only  a  single  case  if  the  reference  be  to 
the  plane  of  rotation. 

Haidinger's  law  might  therefore  be  equally  well  expressed 
in  the  two  following  wavs : — 

I.  Twin-plane  a  face  of  the  form  {101};  composition-plane 
perpendicular  to  the  twin-plane. 

II.  Twin-axis  a  terminal  edge  of  {1 1  1};  composition-plane 
parallel  to  the  twin-plane. 

We  are  now  in  a  position  to  discuss  the  difference  of  growth 
which  will  be  produced  by  a  variation  in  the  position  of  the 

plane  of  composition.     As  the  line  T  T  is  perpendicular  to  the 
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edges  AC  C  A  and  passes  through  the  centre  of  the  crystal, 
the  rhombs  TBTB  TBiTBi  of  figs.  2  and  3  will  be^  per- 
pendicular to  the  twin-plane,  and  will  each  represent  the  com- 
position-plane of  Haidinger.  If,  jiow,  by  simple  translation 
without  rotation  the  half  T  B  T  B  A  C  above  the  rhomb  of 
fig.  2  be  associated  with  the  half  TBjTBi  AiCi  below  the 
rhomb  of  fio;.  4  in  such  a  way  that  the  two  rhombs  coincide, 
we  get  the  composition  represented  in  fig.  5.  This  figure 
will  therefore  be  that  of  a  growth  according  to  the  law  of 
Haidinger.  For  convenience  of  direct  comparison  with  the 
results  following  from  the  law  as  given  by  Naumann  and 
Sadebeck,  the  same  growth  as  fig.  5  is  shown  in  fig.  6  as  it 
would  be  seen  either  after  a  rotation  of  the  whole  figure 
through  two  right  angles  about  the  vertical  axis,  or  by  an  eye 
placed  at  the  back  of  the  paper. 

Again,  let  the  rhombs  M  BMB  M  BiM  Bi  of  figs.  2  and  3 
be  the  traces  on  the  octahedron-faces  of  a  plane  parallel  to  the 
twin-plane,  and  therefore  the  composition-plane  of  Naumann. 
If  now,  just  as  before,  the  half  M  B  M  B  C  A  above  the  rhomb 
of  fig.  2  be  associated  with  the  half  M  Bj  M  Bi  Ai  Ci  below  the 
rhomb  of  fig.  4  in  such  a  way  that  the  rhombs  coincide,  we 
get  the  composition  represented  in  fig.  7.  This  figure  will 
therefore  be  that  of  a  growth  accordino;  to  the  law  of  Naumann. 

With  the  help  of  the  stereographic  projection  of  fig.  1  we 
can  now  investigate  the  differences  of  the]"growths  represented 
respectively  in  figs.  6  and  7. 


Fior.  6. 


Haidinger^ s  Icnv. 


Edges  CT  TCi  coincident, 
„      A  T  I  Ai        ,, 

Ancrle  between  the  trunca- 

ting  planes  of  C  and  Ci 

=  89°  9'. 

The  faces  a  /3  a^  /3i  are  not 
in  a  zone. 


{ 


Fig.  7. 

Naumann' s  laio. 

a  «i  =  /35i  =  salient  1°  23^, 
bj3^  =  a  a,  =  reentrant  1°  231'. 


Angle  C  M .  M  Ci  =  salient  1°  42', 

AM  .  MAi  =  reentrant  1°  42'. 


?> 


Angle  between  the  trunca- 
ting planes  of  C  and  Oi 
=  90°  51'. 

The  faces  d  y  c^  S^  are 
in  a  zone. 


We  have  seen  that  in  the  projection  the  plane  of  composi- 
tion is  a  plane  of  symmetry  to  the  poles  of  the  two  individuals; 
and  we  further  perceive  that  in  each  case  the  plane  of  compo- 
sition is  a  plane  of  symmetry  to  the  faces  actually  shown  by 
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the  twill-growths;  and  the  angles  of  the  upper  half  of  fig.  G 
are  exactly  equal  to  the  similarly  disposed  angles  of  the  upper 
half  of  fig.  7,  and  the  angles  of  the  lower  half  of  fig.  (3  to  the 
similarly  disposed  angles  of  the  lower  half  of  fig.  1 ,  the  only 
ditFerence  in  the  growths  heing  the  relation  of  the  upper  to 
the  lower  half. 

Of  the  specimens  of  copper  pyrites  in  this  collection,  one 
figured  by  Haidinger  himself  in  the  '  Catalogue  of  the  Allan- 
Greg  Collection '  (now  in  the  possession  of  the  British 
Museum),  though  probably  not  one  of  the  original  specimens 
of  the  memoir  of  1822,  offered  itself  as  the  most  likely  to 
aftbrd  a  satisfactory  solution  of  the  difficulty.  In  this  speci- 
men, Avhich  comes  from  Freiberg,  the  twin-growths  are  dis- 
posed parallel  to  each  other  on  galena,  and  are  associated  with 
quartz,  chalybite,  and  calcite.  The  length  of  a  side  of  the 
triangular  faces  is  about  1*5  milliin.  Haidinger's  drawing  to 
illustrate  this  specimen  is  virtually  the  same  as  fig.  U  (copied 
from  his  paper  of  1825),  the  only  ditFerence  being  that  the 
faces  of  <'  {1  0  1}  being  almost  linear  are  not  shown  in  the  Cata- 
logue. This  figure  represents  the  rotation  as  taking  place  about 
each  of  the  normals  to  the  four  upper  faces  of  { 1  0  1 }  of  the 
central  individual,  of  wdiich  both  the  upper  and  the  lower  halves 
are  present.  We  may  remark  that  a  complex  growth  of  this 
perfect  kind  would  be  explained  by  the  law  of  Xaumann  equally 
Avith  that  of  Haidinoer,  seeino;  that  in  the  lower  half  of  the 
regular  composition  the  various  planes  of  junction  are  repre- 
sented as  parallel  to  the  corresponding  twin-planes,  and  in  the 
upper  half  as  perpendicular  to  them.  As  none  of  the  growths 
have  an  all-round  development,  the  figure  represents  the 
growth  in  theoretical  perfection  rather  than  as  actually  ex- 
istent; in  fact  the  actual  habit  is  more  nearly  shown  in  fig.  10, 
■which  at  the  same  time  will  serve  to  give  an  idea  of  the  stria- 
tion  to  be  observed  on  the  faces. 

A  crystal  from  this  specimen  appeared  to  show  that  the  triad  of 
octahedron-faces  o  Oj  0.2  did  not  quite  coincide,  as  according  to 
Haidinger's  explanation' should  be  the  case;  but  still  no  satis- 
factory meastirement  of  the  angle  could  be  obtained.  The  re- 
entrant angle  lying  in  the  zone  c  Ci  at  the  junction  of  two 
individuals  could,  however,  be  determined  with  very  fair  pre- 
cision, although  the  faces  are  finely  striated  parallel  to  their 
edge  of  intersection  with  each  other.  These  planes  were  sup- 
posed by  Haidinger  to  belong  to  the  common  form  c{  2  0  1 } ;  and 
as  the  angle  made  by  a  plane  of  this  octahedron  with  the  adja- 
cent face  of  the  form  {101}  is  18°  31',  the  reentrant  angle 
according  to  his  theory  should  be  37°  2^  Actual  measurement, 
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however,  gave  20°  9^;  and  closer  examination  rendered  it  clear 
that  on  the  crystal  measured  the  faces  belonged  not  to  the 
form  z{2Ql],  but  to  another  less  common  form  /i{3  0  2}, 
whilst  smaller  almost  linear  faces  of  ^{2  0  1}  were  to  be  seen 
lower  down  in  the  reentrant  angle.  The  angle  between  (3  0  2) 
and  (101)  being  11°  20y,  the  reentrant  angle  for  this  form 
should  be,  according  to  Haidinger's  law,  22°  41^;  on  the 
other  hand,  according  to  Xaumann's  law,  it  should  be  20°  59' 
— that  is,  the  difference  of  the  inclinations  of  (3  0  2)  and  its 
parallel  (3  0  2)  to  the  plane  (1  0  I).  The  measured  angle  was 
thus  50'  less  than  the  angle  calculated  from  Naumaun's  law; 
and  the  latter  angle  was  itself  1°  42'  less  than  the  one  calcu- 
lated  according  to  that  of  Haidinger. 

The  ditference  between  the  calculated  and  measured  angles 
is  large,  and  in  fact  is  so  considerable  that  it  can  onlv  be 
attributed  either  to  the  growth  being  not  strictly  a  regular 
twin,  or  to  a  deviation  from  the  fundamental  angle  as  deter- 
mined bv  Haidinger.  As  the  extreme  accuracv  of  Haidiu ger^s 
measurement  of  tlie  fundamental  angle  of  copper  pyrites  had 
been  confirmed  both  in  the  memoir  of  Sadebeck  and  in  the 
Catalogue  of  the  Strassburg  collection,  and  also  by  Kokscha- 
row*,  and  as,  further,  this  particular  crystal  did  not  lend 
itself  to  a  precise  determination  of  any  other  angle  than  the 
reentrant  one  above  mentioned,  the  result  seemed  very  unsatis- 
factory, and  foi-  some  time  the  examination  was  discon- 
tinued. Two  years  later  it  was  resumed  :  and,  happily,  another 
crystal  from  the  same  specimen  was  found  to  give  reflections 
so  good  that  a  precise  measurement  of  the  angle  between  two 
octahedron-planes  belonging  to  the  same  individual  and  on 
opposite  sides  of  r  could  be  obtained.  This  was  found  to  be 
108°  17V,  a  deviation  of  22V  from  the  angle  as  determined 
from  the  specimens  previously  measured.  A  less  precise  deter- 
mination of  the  angle  of  a  terminal  edge  gave  as  mean 
69°  59^',  the  limiting  values  being  69°  54|'  and  70°  0^.  From 
the  same  crystal  the  angle  o  Oi  was  found  by  hel]i  of  the  8  eye- 
piece of  a  Fuess's  goniometer  (as  improved  by  Yf  ebsky)  to  be 
2°  3',  instead  of  zero  according  to  Haidinger,  and  1°  23^ 
according  to  Naumann  and  Sadebeck. 

The  whole  difficulty  had,  however,  now  disappeared,  as  is 
shown  by  the  following  table  of  calculated  and  observed 
angles: — 


o 
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Mr.  L.  Fletcher's  Crysiallogmpldc  Notes. 


287 


If001.101  = 

1 

44°  34 r 

44°  22i' ! 

44°  22'  1 44°  21V 

1 

1 

1 

Calculated. 

Obserred. 

b>^  ii)'„ 

108  40 

70    7i 

;     1  23i 
0    0' 
20  59 

\  22  41 

108  17i 

09  56 

2    3 

0    0 

20  12| 

22  42| 

108  16J 

69  55| 

2    4^ 

0    0 

2U  lOf 

22  42| 

108  \o\ 

69  55 

2    6 

0    0 

20    8| 

22  42| 

1 

1          108° 17i' 
r69°54|'-70°0V, 
\niean69°59}' 

I           2°  3' 
1         20°  9' 

0  w  

„  „    J  Jvauin....' 
'°^  iHaicI.  ... 
T  ,     j  jS'auin.... 
^^ilHaid.  ... 

From  a  third  crystal  not  quite  so  perfect,  but  still  giving 
very  sood  iniages,  the  anole  <wo  w'o  Avas  detei'uiined  to  be 
108°  18f . 

There  can  thus  be  no  doubt  that: — 

1st.  The  growth  is  strictly  regular. 

2nd.  The  parametral  angle  ditt'ers  from  that  determined  from 
other  specimens  by  previous  observers,  and  is  very  nearly 
44°  22'. 

3rd.  The  twin-piano  is  a  fiice  of  the  form  {101}.     And 

4th.  The  composition-plane  is  ^>ar«//e/ (and  not  perpendicu- 
lar) to  the  twin-plane. 

At  the  suggestion  of  Prof.  Maskelyne,  a  careful  analysis  of 
this  specimen  was  made  in  the  departmental  laboratory,  with 
the  view  of  ascertainino-  to  what  extent  this  variation  in  the 
fundamental  angle  is  attended  by  a  ditference  from  the  che- 
mical com2)osition  of  ordinary  copper  pyrites.  The  following 
results  were  obtained  bv  Dr.  Walter  Fliffht: — 


Observed. 

Calculated, 

I.                          II. 

CuFeS... 

Copper 

.     25-78                30-66 

34-45 

Iron      .     . 

.     35-16                34-11 

30-57 

Sulphur     . 

.     37-52         [35-23  by  diff.] 

34-98 

Arsenic     . 

.     traces 

Quartz 

.       0-28 

98-74 


100-00 


100-00 


No  other  metals  were  discovered,  although  carefully  searched 
for.  The  specimen  is  thus  found  to  contain  a  considerable 
and  variable  excess  of  FeS2  over  that  of  typical  copper 
pvrites — the  first  analysis  corresponding  very  nearly  to 
C'uFeSs  +  iFeSo,  and  the  second  to  Cu  FeSo-FiFeSo."  As 
close  examination  of  the  specimen  reveals  the  presence  of 
included  minute  crystals  of  iron  pyrites  (and  mispickel),  it  is 
possible  that  even  in  the  second  fragment,  which  was  specially 
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chosen  for  its  approximate  homogeneity,  this  excess  of  FeSg 
may  be  ahnost  wholly  due  to  mere  admixture  of  iron  pyrites. 

Since  the  above  determinations  were  made,  the  collection 
has  been  enriched  by  the  acquisition  of  a  superb  Freiberg- 
specimen  of  very  much  the  same  character  as  the  one  just 
described,  but  on  a  relatively  colossal  scale ;  for  the  length  of 
side  of  the  triangular  face  o  Oj  02  (and  this  is  the  smallest)  is 
here  not  1*5  but  24  millim.  Owing  to  the  absence  of  reentrant 
angles,  the  growth  very  much  resembles  a  regular  octahedron 
truncated  by  the  faces  of  a  cube,  one  of  the  octahedron-faces, 
however,  showing  in  a  very  marked  way  the  threefold  com- 
position of  that  part  of  the  crystal. 

A  further  examination  of  the  collection  has  resulted  in  the 
iinding  of  a  specimen  (from  Pool  mines  near  lledruth)  which 
confirms  the  parallelism  of  the  planes  of  composition  and  of 
twinning  in  the  most  satisfactory  way.  The  crystals  of  copper 
pyrites  have  been  here  deposited  on  quartz  crystals  which  they 
partly  enclose:  they  thus  have  not  an  all-round  development; 
in  fact,  there  is  a  practical  difhculty  in  determining  more  of  the 
growth  than  is  shown  in  tig.  11;  but  this,  so  far  as  it  goes,  falls 
little  short  of  perfection  (the  dotted  lines  indicate  the  twin 
in  theoretical  completeness).  The  images  from  w  «2  were  so 
well  defined  that  the  largest  magnifier,  «,  of  Fuess's  instru- 
ment could  be  used,  three  different  measurements  at  nearly 
normal  incidence  giving  respectively  for  the  value  of  this  angle 
1°  23',  1°  231',  and  1°  23',  while  a  measurement  at  ahnost 
grazing  incidence,  when  the  images  were  broader,  gave  1°  23^'. 
The  faces  o  o^  were  not  so  perfect ;  but  still,  with  the  h 
eyepiece,  good  images  were  seen,  from  which  two  consecutive 
measurements  of  the  angle  gave  1°  23'  and  1°  23^'.  Two 
measurements  of  0  0'  gave  respectively  108°  39'  30"  and 
108°  39'  45".  The  following  table  renders  more  evident  the 
close  correspondence  of  the  observed  and  calculated  angles. 

Observed, 

. " ^  Calculated 

Angles  of  Symmetrically  disposed  from 

one  individual.  angles  of  the  other.  001.101 

=44°  34i'. 

00, 70°    7i'  020,2 70°    7i'  70°  7' 32" 

we 35°    Zy  0,2^2 35°    4'  35°  3' 46" 

0,0'  ....  70°    4|'  0,2  o'o  ....  70°  12',  70°  4i'    70°  7' 32" 

o\e'l  ....  35°    4/  35°   3' 46" 

00'  ....  108°  39^'         0^0'^ 108°  37'  108° 40'   4" 

Also        o>o,2......  1°23',  P23V,  1°23',  1°  23^      1°23'30" 

ooo  l°23',l°23i'  1°23'30" 

The  linear  faces  t'{l  0  1}  and  the  minute   faces  of  another 
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octahedron  </{'2  0o},  although  present  on  the  crystal,  are  not 
shown  in  the  figure. 

A  chemical  examination  made  by  Dr.  Flight  shows  that  this 
specimen  has  a  composition  very  nearly  represented  by  the 
typical  formula  CuFeS2-  The  following  results  were  ob- 
tained:—  „,  ,  Calculated, 

Observed.  (.^^y^g^ 

Copper  34-37  34-45 

Iron   30-03  30-57 

Sulphur 31-92  34-98 

Quartz   4-19 

100-51  100-00 

Up  to  this  point,  for  the  sake  of  simplicity,  a  very  important 
property  of  copper  pyrites,  its  hemihedral  structure,  has  been 
left  as  much  as  possible  out  of  sight.  It  is  found,  however, 
that  the  faces  of  the  octahedron  {111}  of  this  mineral  are  not 
all  similar,  but  must  be  regarded  as  belonging  to  two  di- 
stinct tetrahedra  :  in  the  case  of  the  first  tetrahedron,  for  con- 
venience of  distinction  termed  the  positive  oro  tetrahedron,  the 
faces  are  rough  or  striated,  and  are  sometimes  coated  with  oxide 
of  iron;  on  the  other  hand,  the  faces  of  the  second  or  negative 
or  (0  tetrahedron  are  smooth,  bright,  free  from  this  coating,  and 
in  general  smaller  than  the  former.  From  this  it  follows 
that  the  set  of  faces  denoted  above  by  the  italic  letters 
abed,  though  similar  to  each  other,  are  distinct  in  physical 
character  from  those  denoted  by  the  greek  letters  a  ^<y8; 
whence  we  infer  that  in  such  a  growth  as  would  be  represented 
by  fig.  7,  where  there  has  been  a  simple  rotation  of  one  indi- 
vidual through  two  right  angles  from  a  position  of  identical 
orientation  with  the  other,  and  adjacent  faces  of  the  two  indi- 
viduals thus  bear  respectively  italic  and  greek  letters,  the  com- 
position-plane will  be  a  plane  of  geometrical,  but  not  of  physical 
symmetry.  As,  however,  the  correlative  tetrahedra  and  also 
the  correlative  hemiscalenohedra  are  independent  of  each 
other,  not  only  in  surface-chai'acteristics,  but  also  in  their  pre- 
sence on  the  crystal,  even  this  geometrical  symmetry  could 
scarcely  be  expected  in  the  actual  twin-growth. 

Now  Sadebeck  states  that  in  the  actual  twin-growth  the 
composition-plane  is  really  a  plane  of  symmetry  not  only  to 
the  geometrical,  but  to  the  physical  peculiarities — the  regular 
composition  thus  belonging  to  the  class  called  by  Groth 
"  symmetric  twins  ;"  that  instead  of  the  faces  of  the  octahe- 
dron which  are  parallel,  or  nearly  so,  in  the  two  individuals 
belonging  in  one  to  the  positive,  and  in  the  other  to  the  nega- 
tive, they  really  belong  either  both  to  the  positive  or  both 
to  the  negative  tetrahedron.     To  pass,  therefore,  to  the  actual 
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twin  from  parallel  orientation  of  the  individuals,  there  must  be, 
in  addition  to  the  rotation  through  two  right  angles  round  a 
normal  to  (101),  Vi  further  rotation  of  one  of  the  two  crystals 
either  through  two  right  angles  about  a  normal  to  one  of  the 
faces  of  the  prism  {110},  or  through  a  single  right  angle 
about  the  vertical  axis  parallel  to  the  edges  of  this  prism. 
Though  this  double  rotation  may  be  compounded  into  a  single 
rotation  round  the  normal  to  a  face  of  the  octahedron  -{111}, 
the  angle  of  this  single  rotation  will  not  be  180°,  as  is  the  case 
in  other  tAvins,  but  119°  31'. 

If  this  statement  of  Sadebeck  be  accepted  as  having  a  satis- 
factory foundation,  the  growth  must  be  regarded  as  up  to  the 
present  unique  in  character;  for  no  other  regular  composi- 
tion appears  to  have  yet  been  discovered  in  Avhich,  starting 
from  a  parallel  orientation,  a  double  rotation  is  abwlutely 
necessary  for  the  representation  of  the  relative  disposition  of 
the  two  individuals.  There  exist  twin-growths  of  tetartoJiedral 
crystals,  it  is  true,  such  as  those  of  sodium  chlorate  and  certain 
regular  compositions  of  cjitartz,  described  by  Prof.  Groth,  which 
are  somewhat  analogous  in  character;  but  they  are  capable  of 
a  more  or  less  satisfactory  representation  by  a  simple  rotation 
of  one  of  the  individuals  throuoh  two  right  angles  from  a 
position  where  corresponding  crystallographic  lines  of  the 
right  and  left  individuals  are  identical  in  direction ;  they  are 
moreover  intimately  related  to  the  directions  of  the  crystallo- 
graphic axes.  As,  however,  it  had  been  impossible  for  Sade- 
beck to  convince  himself,  from  simple  examination  of  the  spe- 
cimens, that  certain  faces  assumed  by  Haidinger  to  be  parallel 
might  not  be  inclined  to  each  other  at  an  angle  of  1°  2oj,  it  was 
possible  to  entertain  a  doubt  as  to  the  specimens  being  suffi- 
ciently well  crystallised  to  allow  of  an  absolute  certainty  in  the 
distinction  of  the  two  tetrahedra;  and  as  the  law  is  so  curious 
from  its  extreme  rarity  and  simplicity,  and  so  important  in 
its  bearing  on  the  general  question  of  twin-growth,  about 
which  there  has  lately  been  mitch  discussion,  it  seemed  desi- 
rable  to  place  the  law,  if  possible,  beyond  all  suspicion. 

The  accuracy  of  Sadebeck's  inference  as  to  the  disposi- 
tion of  the  two  tetrahedra  in  this  twin-growth  is  confirmed  in 
the  most  satisfactory  manner  by  the  specimens  in  this  col- 
lection. 

The  Freiberg  specimen  of  fig.  10  shows  not  only  that  the 
individuals  are  symmetrical  to  the  plane  of  composition^  but 
also  that  the  differences  of  the  two  tetrahedra  of  each  indi- 
vidual are  too  marked  to  allow  of  this  symmetry  of  })hysical 
peculiarities  being  an  accident  of  the  growth. 

The  specimen  from  Pool  mines  (fig.  11)  is  even  more  satis- 
factory still :  for  the   faces  w  coo  which  give  such  excellent 
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images  are  perfectly  smootli  and  briolit,  and  remarkably  dif- 
ferent in  aspect  from  the  two  didl  and  striated  faces  o  o^. 

A  further  example  is  presented  by  a  specimen  (probably 
from  the  Trevannance  mine,  St.  Agnes)  shown  in  fig.  12, 
which  the  symmetry  to  the  combination-plane  and  the  extreme 
difference  between  the  smooth  and  the  deeply-striated  tetra- 
hedra  render  most  convincincr.  The  angle  between  these 
striations  is  so  very  definite  that  it  can  be  measured  with  fair 
accuracy  by  means  of  a  microscope;  it  was  determined  to  be 
120f°,  the  angle  calculated  according  to  Naumann^s  law 
being  120°  28',  and  according  to  Haidinger's  law  119°  31'. 

Finally,  we  may  refer  to  fig.  8,  representing  a  Cornwall 
specimen  (now  in  the  Museum)  figured  in  1825  by  Haidinger 
himself  in  his  memoir  on  the  Regular  Composition  of  Crys- 
tallised Bodies.  Here  the  predominant  form  of  each  individual 
is  a  hemiscalenohedron;  and  this  in  each  j^air  is  symmetrically 
disposed  to  the  plane  of  composition.  Although  this  speci- 
men is  symmetrical  in  its  habit,  the  planes  5  are  so  striated 
and  rounded  that  it  was  found  impossible  to  assign  to  them 
a  definite  symbol;  they  lie,  however,  in  the  zone  defined  by 
the  symbol  [112],  and  approximate  to  {3  1  2}. 

We  conclude,  therefore,  that  there  is  no  doubt  of  the  actual 
existence  of  a  kind  of  twin-growth  which  it  is  not  possible  to 
represent  by  a  single  rotation  thi'ough  two  right  angles  from  a 
position  of  parallel  orientation  of  one  of  the  individuals  to  the 
other — that  for  the  representation  of  this  growth  an  additional 
rotation  is  requisite,  but  that  the  simplest  mode  of  represen- 
tation is  the  one  which  regards  the  two  individuals  as  symme- 
trical to  a  plane. 

EXPLANATION  OF  PLATE  VI. 

(To  accentuate  the  differences  in  twiu-groAvtlis  according  to  the  laws  of 
Haidinger  and  Nauinaiin,  figs.  1-7  are  drawn  for  a  parametral  angle  4^2° 
instead  of  44°  34^'.) 

Fig.  1.  Stereographic  projection  of  the  poles  of  {ll  l},  and  of  the  same 

twinned  about  T  T,  the  normal  to  (1  01), 
Fig.  2.  The  octahedron o bed a.(iyb  [ill]. 

Fig.  3.  The  octahedron  a^  h^  c^  (\  «;  /3j  y^  S^  { 1 1 1 },  parallel  to  the  last. 
Fig.  4.  The  same  turned  through  two  right  angles  round  T  T  the  normal 

to  (101). 
Fig.  5.  Twin-growth  of  {l  1 1},  according  to  Haidinger's  law. 
Fig.  6.  The  same,  viewed  from  the  opposite  side. 
Fig.  7.  Twin-growth  of  {ll  l},  according  to  Naumann's  law. 
Fig.  8.  Twin-growth,  with  faces  *■  of  a  hemiscalenohedron  or  disphenoid 

(Haidinger,  Edin.  J.  of  Sc.  1825). 
Fip:.  9.  Twiu-ffrowth 


Edin.  J.  of  Sc.  1825) 


I   of  {111[  {001}    {101}   {2  01}     (Haidinger, 
So.  1825). 


Fig.  10.  A  similar  twin-gro-wth 


Fig,  11.  A  twin-crystal  from  Pool  miu.es,  near  liedruth. 
Fig.  12.  A  twiu-crystal,  probably  from  Trevauuauce  mine,  .St.  Akucs. 
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XXXII.    The  Tails  of  Comets. 
Bij  E.  Vaxsittakt  Neale. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen^ 

I  VENTURE  to  offer  an  explanation  of  the  remarkable 
phenomena  presented  hy  the  tails  of  comets,  so  simple 
that,  considering-  the  nnmber  of  eminent  astronomers  who 
have  turned  their  attention  to  this  subject,  and  to  ^vhom  it  has 
remained  a  mystery,  I  am  almost  afraid  to  suggest  my  expla- 
nation, lest  it  should  prove  a  sort  of  scientific  mare's  nest. 
Still,  since  I  cannot  see  ^vhere  it  fails,  while  the  suljject  is  one 
of  considerable  interest,  I  have  determined  to  run  the  risk  of 
some  eye  more  penetrating  than  my  own  discovering  my  error, 
if  there  is  one. 

My  explanation  rests  on  the  interaction  of  three  forces,  of 
which  two  are  known  to  exist,  while  the  existence  of  the  third 
may,  I  think,  be  reasonably  assumed.  These  forces  are: — 
(1)  the  force  which  urges  the  comet  towards  the  sun;  (2)  the 
expansive  force  of  the  heat  of  the  sun;  (3)  the  resistance  of  an 
atmos^jhere  surrounding  the  sun. 

That  there  is  such  an  atmosphere  extending  many  hundred 
thousand  miles  from  the  sun's  centre  we  know,  because  it  can 
be  seen.  How  much  further  it  may  extend  in  a  condition  in 
which  it  is  invisible  we  do  not  know;  but,  considering  the  dis- 
tance to  which  the  atmosphere  surrounding  the  earth  is  known 
to  extend  by  its  action  on  meteoric  bodies,  we  may,  I  think, 
reasonably  assume  the  existence  of  an  invisible  solar  atmo- 
sphere, extending  far  beyond  the  limits  of  the  visible  atmo- 
sphere; and  if  this  is  assumed,  we  obtain  an  easy  explanation 
of  the  phenomena  of  comets'  tails. 

The  changes  in  a  comet  which  give  rise  to  its  tail  begin, 
according  to  the  account  given  by  Mr.  Higgins  in  his  excel- 
lent article  on  Comets  in  the  current  number  of  the  'Xineteenth 
Century,'  by  jets  of  a  gaseous  nature  ejected  toAvards  the  sun, 
i.  e.  in  the  direction  determined  by  the  expansive  force  of  the 
sun^s  heat,  acting  on  the  comet,  combined  with  the  moving- 
force  of  the  comet.  But  soon,  he  says,  these  jets  bend  round, 
as  if  they  were  carried  back  by  a  strong  wind,  and  form  an 
envelope  round  the  body  of  the  comet  and  a  cone  behind  it. 
Just  so.  It  is  what  would  happen  to  a  man  dressed  in  a  loose 
robe  and  running  rapidly  through  the  air.  His  dress,  though 
moving  with  him,  would  stream  behind  him,  because  it  expe- 
riencea  more  resistance  than  his  body  from  the  aii-.     Tlie  jets 
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of  gas  which  escape  from  the  body  of  tlie  comet  and  expand 
when  they  leave  it  are  more  resisted  by  the  sun's  atmosphere 
than  its  more  soHd  head,  which  therefore  oradnally  overtakes 
them  ;  so  that  they  seem  to  fall  l)ack,  till  they  constitute  an 
envelope  round  it,  and  then  spread  in  a  conical  form  l)ehind 
the  head,  through  the  joint  operation  of  their  own  lateral  move- 
ments, of  the  increasing  expansive  force  of  the  sun^s  heat  as 
the  comet  approaches  the  sun,  of  the  increasing  resistance  of 
the  sun's  atmosphere  (whence  the  head  must  continually  gain 
more  and  more  on  the  parts  of  the  tail  at  first  thrown  off),  and 
of  the  pressure  of  fresh  envelopes  continually  forming  round 
the  nucleus  as  it  advances.  The  body  of  the  comet  is  con- 
stantly moving  through  the  gases  or  vapours  which  it  throws 
off,  and  thus  produces  the  appearance  of  a  tail,  by  leaving 
each  successive  part  thrown  off  more  and  more  behind  it. 

The  central  line  of  these  successive  envelopes  would  ob- 
viously tend  to  be  a  straight  line  from  the  sun's  centre  through 
the  head  of  the  comet ;  though  the  continual  change  of  direc- 
tion in  this  line,  as  the  comet  approaches  its  perihelion,  must 
be  liable  to  produce  an  apparent  curvature  in  the  tail,  because 
the  parts  first  emitted,  and  therefore  most  distant  from  the 
body,  if  they  retain  luminosity  enough  to  be  visible,  must  fall 
more  and  more  behind  the  advance  of  this  central  line  in  its 
sweep  round  the  sun. 

The  phenomena  of  divided  tails,  of  bright  streaks,  &c.,  find 
a  ready  explanation  in  the  aecidental  variety  of  pressures  to 
be  expected  among  jets  of  gas  or  vapour  emitted  under  such 
circumstances,  and  the  effect  of  perspective,  according  as  we 
happen  to  look  through  the  edges  or  across  the  more  central 
parts  of  the  envelopes  forming  the  comet's  tail — possibly  com- 
bined with  actual  variations  of  pressure  in  the  sun's  invisible 
atmosphere,  arising  out  of  the  enormous  changes  which  can 
be  observed  in  its  visible  atmosphere.  But  what  as  to  the 
change  in  the  direction  of  the  tail  when  a  comet  has  passed  its 
perihelion?  Wh}'  do  comets  then  carry  their  tails  before  instead 
of  behind  their  heads  ?  Because  the  direction  of  the  pressures 
which  produce  the  tail  has  changed.  Given  an  invisible  solar 
atmosphere,  a  comet  moving  towards  the  sun  will  be  perpe- 
tually passing  from  a  rarer  into  a  denser  medium,  while  a 
comet  moving  from  the  sun  will  be  perpetually  passing  from 
a  denser  into  a  rarer  medium.  At  the  same  time  the  jets  of 
gases  or  vapours  which  it  will  continue  to  emit  from  the  ex- 
pansive force  of  the  sun's  heat  will  then  consist  of  particles 
moving  from  the  sun.  Thus  the  two  tendencies — the  move- 
ment of  these  particles  due  to  the  action  of  gravity,  and  the 
tendency  of  the  expansive  force  to  exert  itself  in  the  line  of 
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least  resistance — will  combine  to  carry  the  luminous  particles 
emitted  from  the  comet  in  advance  of  the  mass. 

That  the  chano-e  in  the  direction  of  a  comet^s  tail  should 
take  place  with  the  rapidity  and  to  the  extent  observed  in  the 
case  of  the  enormous  appendages  of  some  of  these  bodies  may 
still  a])pear  surprising.  But  it  must  be  remembered  that,  in 
these  cases,  we  can  speak  only  of  what  we  see.  The  conical 
mass  of  gases  or  vapours  extending  behind  the  nucleus  of  a 
comet  may  attain,  in  the  case  of  the  largest  of  these  bodies, 
to  an  expansion  much  greater  than  the  part  visible,  which  may 
consist  only  of  the  parts  that  receive  the  strongest  impulses 
from  the  centre  of  force;  so  that  when  the  tail  seems  to  have 
swung  round  through  an  enormous  arc  in  the  sky,  what  has 
really  happened  may  be  only  that  the  line  along  which  the 
substances  forming  it  become  visible  may  have  shifted,  in  con- 
sequence of  the  direction  of  the  impulses  proceeding  from  the 
head  havino-  altered. 

As  the  time  when  the  most  rapid  alteration  in  the  direction 
of  the  tail  of  a  comet  takes  place  necessarily  coincides  with 
that  when  the  expansive  action  of  the  sun  on  the  substances 
emitted  from  the  comet  is  at  its  maximum,  there  must  be  the 
less  difficulty  in  admitting  the  last  hypothesis  as  an  explana- 
tion of  this  phenomenon.  It  is  the  only  one,  so  far  as  I  see, 
that  offers  any  difficulty  in  the  way  of  the  theory  now  proposed 
respecting  the  tails  of  comets,  which  may  be  summed  up  in 
the  proposition  that,  as  the  incandescence  of  meteoric  bodies 
proves  to  us  the  existence  of  a  -widely  diffused  atmosphere 
surrounding  the  earth,  so  the  development  of  the  tails  of 
Comets  proves  to  us  the  existence  of  a  much  more  widely  dif- 
fused atmosphere  surrounding  the  sun — both  sets  of  pheno- 
mena being  due  to  the  same  cause,  namely  the  resistance  of 
these  atmospheres  to  bodies  rapidly  passing  through  them. 

I  am  yours  &c., 

E.  Yansittart  Neale. 

15  Portsmoutli  Sti'eet,  Manchester, 
August  21,  1882. 


XXXIII.  Simple  MetJiod  for  CaJibratiiuf  Thermometers. 
By  Silas  W.  Holman*! 

THE  calibration  of  a  thermometer  by  most  of  the  methods 
in  ordinary  use  is  a  tedious  and  somewhat  difficult  opera- 
tion, and  hence  often  neglected  even  in  important  work.  For 
the  purpose  of  supplying  a  method  simple  both  in  observation 
and  computation,  and  at  the  same  time  accurate,  the  following 

*  From  Silliman's  American  Joui-nal,  No,  13G,  p.  278. 
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process  is  described,  which,  although  involving  little  that  is 
novel,  has  not  to  my  knowledge  been  used  before. 

First,  however,  it  is  necessary  to  recall  to  the  attention 
of"  observers  the  fact  that,  without  calibration-correction,  the 
readings  of  a  thermometer  having  a  scale  of  equal  linear  parts 
cannot  be  relied  upon  within  one  or  more  divisions  of  this 
scale,  and  that  thormometer-makers,  knowing  this,  almost 
universally  space  the  graduation  upon  the  tube  to  correspond 
more  or  less  closely  with  the  shape  of  the  bore,  as  determined 
by  previous  calibration,  or  by  comparison  with  a  standard  (I) 
instrument.  This  practice  is  much  more  general  than  is  ordi- 
narily supposed,  and  has  an  important  bearing  upon  the  accu- 
racy of  the  work  done  with  such  instruments.  For  the  scale 
thus  made  is  merely  approximate,  the  dividing-engine  or  other 
tool  being  usually  changed  only  at  such  intervals  as  to  make 
the  average  error  less  than  some  specified  amount.  An  inspec- 
tion of  these  conditions  will  show  that  the  calibration  of  such 
a  tube  and  scale  can  be  only  approximate,  except  with  correc- 
tions for  the  inequalities  of  the  spacing,  involving  an  amount 
of  labour  disproportionate  to  the  result  obtained.  The  best 
mak(n"s,  such  as  Fastre,  Baudin,  and  others,  have  produced 
satisftictory  thermometers  graduated  to  equal  volumes  ;  but 
even  these  are  not  as  reliable  as  instruments  of  less  cost  with 
a  scale  of  equal  linear  parts,  say  of  millimetres,  supplemented 
by  a  calibration  by  the  observer.  The  best  form  of  tube  for 
almost  all  work  is  one  backed  with  white  enamel,  with  an 
inverted  pear-shaped  bulb  at  the  upper  end  of  the  capillary 
(a  verj"  important  feature),  and  with  a  scale  of  equal  arbitrary 
linear  parts  (0"7  to  1  millim.  is  a  suitable  length  for  estimation 
of  tenths)  or  of  approximate  degrees,  for  convenience,  etched 
or  engraved  ttpon  it. 

Without  reviewing  here  the  methods  proposed  by  various 
writers,  it  may  be  said  that  it  has  been  the  general  plan  to 
select  beforehand  upon  the  scale  two  points  between  which  to 
make  the  calibration,  this  space  being  the  "  calibration  unit," 
the  errors  of  these  points  being,  of  course,  zero.  This  plan 
has  led  to  unnecessary  complexity.  Such  an  assumption  is  no 
more  requisite  in  calibration  after  a  scale  has  been  put  upon 
the  tube,  than  in  calibrating  by  the  dividing-engine  or  micro- 
meter before  making  the  scale.  It  is  obvious  that  the  selec- 
tion of  these  points  is  wholly  arbitrary,  and,  if  used  at  all,  one 
or  both  of  them  may,  if  desirable,  be  chosen  after  the  observa- 
tions with  the  calibrating-thread  have  been  made.  The  choice 
should  be  made  Avith  a  view  to  facilitating  the  work.  Hence 
the  use  of  the  observed  freezing-  and  boiling-points,  upon 
which  some  methods  are  based,  is  most  imdesirable, 
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In  the  method  which  will  now  be  given,  either  one  or  both 
of  these  points  may  be  left  to  be  selected,  according  to  the 
combined  conditions  of  length  of  thread  employed,  shape  of 
the  tnbe,  and  numerical  convenience,  after  the  observations 
with  the  thread  have  been  made. 

Let  it  be  desired  to  find  the  calibration-corrections  for  a 
given  tube.  Determinations  which  will  give  the  errors  of 
.every  3  centim.  of  length  will  ordinarily  be  sufficient ;  but  this 
must  depend  on  the  result  sought.  Separate  a  thread  of  mer- 
cury of  about  that  lenoth.  The  actual  lenoth  of  the  thread 
withm  two  or  three  millimetres  is  of  no  consequence  whatever; 
and  hence  a  suitable  thread  can  be  obtained  in  a  very  short 
time. 

Set  the  thread  with  its  lower  end  at  or  near  the  beginning 
of  the  graduation  :  call  the  reading*  of  the  lower  end  of  the 
thread  li,  and  that  of  the  upper  end  ?/i.  Move  the  thread  less 
than  1  millim.  and  read  again,  finding  thus  l^  and  7/3.  Move  the 
thread  about  1  centim.,  and  read  ^3  and  ii^.  Move  the  thread  less 
than  1  millim.,  and  read  l^  and  v^^.  So  continue  throughout  the 
Avhole  length  of  graduation,  increasing  the  number  of  settings 
or  repeating  the  wdiole  series  in  reverse  order  and  several 
times,  if  the  highest  attainable  precision  is  desired.  This 
alternation  between  1  millim.  and  1  centim.  in  setting  tends 
towards  the  better  elimination  of  errors  in  estimation.  It  is 
not,  however,  essential,  nor  even  always  as  well  as  an  equal 
number  of  distributed  readings.  This  must  depend  upon  the 
skill  of  the  observer.  Avoid,  as  far  as  convenient,  taking 
readings  with  an  end  of  the  thread  apparently  just  at  the  line 
of  the  scale,  as  the  Avidth  of  the  line,  even  in  the  best  scales, 
is  a  source  of  considerable  errorf.  If  any  point  (g.  g.  the 
zero-point  of  the  graduation)  has  for  any  reason  been  selected 
as  the  first  of  which  the  error  should  be  assumed  zero,  the 
settings  may  to  advantage,  though  not  necessarily,  be  made 
to  extend  each  way  from  this. 

Then  Wi  — /i,  n.2  —  U,  &c.  will  give  a  series  of  lengths  of  the 
calibrating-thread  in  all  parts  of  the  tube.  Before  reuniting 
this  thread  to  the  rest  of  the  mercury,  plot  points  with  abscissas 
Zj,  I2,  &c.,  and  ordinates  ?;i  —  /i,  U2  —  I2,  &c.,  the  corresponding 
lengths  of  thread,  and  draw  a  smooth  curve  through  the 
points  thus  obtained.  This  line  will  give  a  general  idea  of  the 
form  of  the  capillary  bore  ;  and  should  any  parts  of  it  show 
considerable  irregularities,  the  corresponding  portions  of  the 
tube  should  at  once  be  reexplored  with  the  thread. 

If  not  already  done,  the  point  A  upon  the  scale,  to  be  used 

*  Tenths  of  a  division  are  supposed  to  be  read  by  estimation. 

t  Some  of  the  advantag-es  of  Neumann's  method  are  ofi'set  bv  tliis  error. 
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as  the  starting-  or  reference-point  of  the  computation,  should 
now  be  selected.  In  general  the  extreme  ends  of  the  tube  are 
to  be  avoided,  as  more  likely  to  have  been  rendered  irregular 
or  rapidlj  tapering  in  the  process  of  making  or  joining  on  the 
bulbs.  If  the  zero  of  the  numbering  is  placed  one  or  two 
centimetres  from  the  bottom  of  the  tube,  it  forms  a  desirable 
starting-point. 

Find  upon  the  curve  the  ordinate  u'  corresponding  to  the 
abscissa  A  ;  then  with  abscissa  A  +  u'  find  the  corresponding 
ordinate  ?/',  with  abscissa  K  +  u'  -^-u"  find  the  corresponding 
ordinate  ii"' ,  continuing  to  the  upper  limit  of  the  graduation. 
If  A  is  at  a  sufficient  distance  from  the  lower  end  of  the  gra- 
duation, find  a  similar  series  below  the  point  A.  These  points, 
A,  K+u',  A  +  ii'  +  u",  &c.,  upon  the  graduation  are  separated 
by  equal  volumes  of  the  capillary.  Select  any  one  of  these 
as  the  second  point  of  which  the  error  is  to  be  arbitrarily 
assumed  as  zero,  and  call  this  B.     Then 

K  +  u'  +  11"  +  . .  .  +  /uith  =  B. 

There  are  thus  n  spaces  of  equal  volume  between  A  and  B  ; 

and  these  correspond  each  to  -th  of  the  interval  B— A.    Plence 

the  true  reading  (which,  liowever,  it  is  not  necessary  to  com- 
pute numerically)  at  the  point 

A  is  A, 

A +  7/  is  A+  ^  (B-A), 


n 


K  +  v'  +  u"  is  A+-(B-A), 


11 


B  is  B. 

A.nd  the  error  obtained  by  subtracting  the  true  readinos,  as 
given  in  the  right-hand  column,  from  the  corresponding  actual 
readings,  given  in  the  left-hand  column,  at 

A  is  0, 

A  +  n'  is  A  +  7/|a+^^(B-A)1=,/_^^  (B-A), 

A  +  n'  +  u"  is  mV'-  +  -(B-A), 


B  is  0. 

In  selecting  B  it  might  have  been  assumed  equal  to  A  +  v', 
tlius  making  »  =  1.     This  would  somewhat  simidify  the  calcu- 
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lation,  and  would  be  of  equal  accuracy,  but  is  objectionable 
from  the  fact  that,  in  oeneral,  this  -solunie  would  differ  con- 
siderably from  the  ayerage  yolume  obtained  when  n  has  a 
greater  yalue  (always  an  integer),  and  the  resulting  series  of 
errors  would  assume  larger  numerical  yalues. 

The  errors  or  corrections  are,  for  purposes  of  interpolation, 
most  conyeniently  represented  graphically  by  a  smooth  curye 
through    points    with    abscissas    proportional   to    the    direct 

I'eadino-s  »      .        ,     »        ,       ,,    c 

°  A,  A  +  ?/,  A  +  ?/  +  ?/',  &c., 

and  ordinates  to  the  corresponding  corrections. 

Should  it  be  necessary  to  increase  the  accuracy  by  a  second 
calibration  with  a  thread  of  different  length,  it  is  only  neces- 
sary to  take  one  of  approximately  an  integral  part  of  (B— A), 
and  Avhen  the  final  curye  of  error  is  drawn  make  the  error  at 
B  equal  to  zero,  distributing  the  difference  at  that  point  pro- 
portionall}-  to  the  scale-readings  among  the  errors  at  the 
intermediate  points — in  other  words,  to  shift  the  axis  of  the 
second  curye  of  error  so  that  it  shall  make  the  error  at  B 
zero. 

This  method  requires  for  each  calibration  the  use  of  but 
a  single  thread.  The  computation  is  simple,  and  inyolyes  a 
minimum  of  approximation.  Errors  of  obseryation  are  largely 
eliminated  by  the  number  of  settings  made  in  all  parts  of  the 
tube,  and  by  the  inspection  of  the  curye  of  lengths;  both  of 
which  operations  tend  in  an  unusual  degree  to  detect  mistakes 
or  any  minor  irregularities  of  the  capillary.  It  ayoids  the 
common  requirements  of  setting  the  thread  exactly  at  certain 
definite  points  in  the  tube,  or  any  approximate  correction  for 
slight  errors  in  such  settino- — two  sources  of  considerable 
error  and  inconyenience,  especially  when  the  thread  must  be 
set  near  or  under  a  line  of  the  graduation.  And,  lastly,  the 
total  time  of  calibration  for  a  result  of  giyeu  accuracy  is 
reduced  to  one  half  or  one  third  of  that  required  by  Neumann's 
method,  the  quickest  and  most  satisfactory  with  which  I  am 
acquainted  except  that  giyen  by  Pickering.  The  latter, 
described  with  some  slight  inaccuracies,  at  the  reference  noted 
below,  is  a  neat  application  of  the  graphical  method  ;  and  the 
curye  of  lengths  of  thread  adopted  in  the  method  which  I 
haye  described  is  identical  with  the  corresponding  one  giyen 
by  Professor  Pickering,  while  the  whole  process  is  full}'  one 
third  shorter  and  somewhat  more  accurate.  From  a  series  of 
calibrations  executed  upon  the  same  thermometer  (one  with 
a  millimetre-scale,  by  Baudin,  of  Paris),  using  a  yariety  of 
methods,  I  haye  obtained  slightly  more  concordant  results 
with  the  proposed  method  than  with  Neumann's  or  Pickering's 
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(all  those  possessing,  however,  nearly  the  same  degree  of  pre- 
cision), and  decidedly  better  results  with  these  than  with  any 
of  the  other  existing  simple  methods. 

Considerable  aid  in  eliminating  errors  of  parallax  in  such 
work  is  sometimes  found  by  looking  down  upon  the  horizontal 
thermometer  through  a  vertical  tube  having  a  small  hole  at 
each  end.  One  of  the  cheap  French  microscopes  with  its 
lenses  removed,  and  inverted  in  its  stand,  answers  this  pur- 
pose well. 

With  such  a  device  tw'o  calibrations  of  the  above-described 
thermometer  with  threads  of  3  and  5  centim.  respectively,  each 
with  only  one  series  of  observations,  and  requiring  not  more 
than  one  hour  and  a  half  each  for  completion,  gave  results 
whose  average  difference  from  each  other  at  nine  points  was 
0'04  millim.,  and  the  arithmetical  sum  of  the  extreme  differ- 
ences was  0"12  millim.,  a  result  of  sufficient  accuracy  for  any 
class  of  work  of  which  such  an  instrument  is  capable. 

For  brief  descriptions  of  methods  of  separating  threads  of 
mercury  for  calibration,  reference  may  be  made  to  the  paper 
by  Russell,  and  the  texi-book  by  Pickering,  noted  below. 
These  processes  are  in  general  use,  and  are  safe  and  convenient. 

References  upon  Calihvation  of  Closed  Thermometer-Tvhes. 

Bessel,  Pog-o-.  Ann.  yi.  p.  287  (182G). 

Rudberg,   Pogg.   Ann.  ix.  pp.  353,  5G6;  xxxvii.  p.  37G  (183G) :  xl. 

pp.  39,  5G2  (1837). 
Kohlrausch,  'Phj-sical  ^leasurements,'  p.  59  (English  translation). 
Pickering,  '  Physical  Mauipulatioii,'  ii.  p.  75  (187G). 
Thieseu  (Neumaim's  Meth.j,  Carl's  Re}),  xv.  p.  285  (1879). 
Russell  (Neumann's  Meth.,  transl.  from  Thiesen),  Amer.  Journ.  Sci. 

xxi.  p.  373  (1881). 
Marek,  Carl's  Repertorium,  xv.  p.  300  (1879).      (Solution   by  least 

squares.) 
von  Oettingeu,  Inaug.  Diss.,  Dorpat,  1865.     (This  I  have  been  unable 

to  obtain.— S.  W.  H.) 


XXXIY.    On  Boltzmann's  llieorem  on  the  average  Distribu- 
tion of  Energy  in  a  System  of  Material  Points* . 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen,  Grjiz,  April  G,  1882. 

POSSIBLY  you  may  feel  disposed  to  have  the  accom- 
panying notice  of  a  paper  of  Maxwell's  translated  for 
your  valuable  '  Philosophical  Magazine.'  So  far  as  I  know, 
this  excellent  paper  of  Maxwell's  has  not  been  reprinted  in 
your  Magazine ;  it  may  not,  therefore,  be  without  interest  to 
your  readers  that  some  notice  of  it  should  appear,  if  only  as 

*  Translated  from  Wiedemann's  Reiblattei; 
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an  abstract :  and,  further,  my  notice  contains  one  on  two  new 
tilings,  amono-st  which  a  remark  on  Watson's  excellent  book 
may  be  interesting  to  English  physicists. 

With  highest  esteem, 


Yours  &c. 


BOLTZMANN. 


Maxwell  (Camb.  Phil.  Trans,  vol.  xii.  part  3,  pp.  547- 
570,  1879)  shows  that  this  theorem  may  be  easily  proved 
by  means  of  Hamilton's  principle.  The  theorem  is  also 
extended,  since  it  is  shown  to  hold  good  for  any  systems 
determined  by  generalized  coordinates,  if  only  they  satisfy  the 
principle  of  conservation  of  energy.  There  is  a  difference  in 
method  between  Maxwell  and  Boltzmann,  inasmuch  as  Boltz- 
mann  measures  the  probabilitv  of  a  condition  bv  the  time 
during  which  the  system  possesses  this  condition  on  the  ave- 
rage, whereas  ]\Iaxwell  considers  innumerable  similarly  con- 
stituted svstems  with  all  possible  initial  conditions.  The  ratio 
of  the  number  of  systems  which  are  in  that  condition  to  the 
total  number  of  systems  determines  the  probability  in  ques- 
tion. In  conclusion,  Maxwell  finds,  further,  that  also  for  any 
unstable  svstem  of  A'ery  manv  atoms  in  rotation  under  the 
action  of  no  external  forces  the  mean  energy  ol  internal  mo- 
tion is  the  same  for  each  atom,  and  that  a  mixture  of  gases  in 
a  rotating  tube  behaves  exactly  as  if  each  gas  were  present  by 
itself. 

Maxwell's  proof  mentioned  above  is  as  follows : — Let  there 
be  given  anv  system  8  obeying  the  principle  of  energy.  Let 
its  configuration  be  determined  by  n  generalized  coordinates 
(ji. . .  qn\  let  the  corresponding  momenta  be  p-^ . .  .p„.  (For  the 
sake  of  clearness  I  will  take  occasionally  the  simplest  example, 
a  system  of  material  points  acted  on  by  any  forces.  qi...qn  will 
then  denote  rectangular  coordinates,  pi . .  ./>„  the  products  of 
the  component  velocity  into  the  corresponding  masses.) 

Let  the  law  of  the  forces  acting  in  the  first  system  be  such 
that  the  potential  energy  Y  is  a  given  function  of  the  coordinates. 
Then  the  motion  of  the  system  is  completely  determined  when 
we  know  the  values  q\. . .  p'n  of  the  coordinates  and  momenta 
at  the  commencement  of  motion  and  the  time  t  which  has 
elapsed.  (In  the  example  this  means  that  the  coordinates  and 
component  velocities  at  the  commencement  of  motion  must  be 
known.)  It  is  then  most  natural  to  take  the  2?i+ 1  quantities 
q'\ . .  .p'n,  T  as  so-called  independent  variables.  Since  the  law 
of  action  of  the  forces  is  given,  all  other  quantities  relating  to 
the  motion  {<\  g.  the  values  of  the  coordinates  and  momenta 
after  the  lapse   of  the  time  t,  which  Maxwell  denotes  by 
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Vi  •  •  •  P"^  without  index)  may  be  calculiited  as  functions  of  these 
2n+l  independent  varial'les.  If  T  be  the  kinetic  energy  at 
the  time  r,  then  V  +  T=E  is  the  whole  energy  of  the  system. 
These  quantities  may,  of  course,  also  be  expressed  as  functions 
of  the  2u+l  independent  variables^'. 

If  we  imagine  each  of  the  2n  +  l  quantities  yi . .  .p,i^  actu- 
ally expressed  as  a  function  of  the  2n  +  1  independent  variables, 
we  obtain  2«  +  1  equations  between  4//  +  2  variables.  Hamil- 
ton's method  consists  in  introducing  in  place  of  the  indepen- 
dents hitherto  chosen,  Avhich  we  may  call  the  "  old  indepen- 
dents," other  independents  (the  Hamiltonian  independents). 
We  may,  in  fact,  from  the  2n  + 1  equations  express  any  2n  + 1 
variables  out  of  the  4n  +  2  variables  occurring  as  func- 
tions of  the  remaining  2?i+l.  Hamilton  su])poses  the  vari- 
ables pi .  ..pnjp'x  • '  'P'ni  T  expressed  as  functions  of  ^j . . .  (/«, 
(/'i . . .  7^jE;  so  that  the  last-named  variables  play  the  part  of 
independents.  Each  of  the  first-named  variables  is  therefore 
now  to  bo  regarded  as  a  known  function  of  these  2n  + 1  inde- 
pendent variables.  Starting  from  these  Hamiltonian  indepen- 
dents, we  easily  find 

dp' r  _       dps      dp\.  _       dr        dr  _  diJ,., 
d^~~d</';     dW~^dfr'     (7y,.~<7E'' 

where  r  and  ,<  are  any  equal  or  unequal  numbers. 

Just  as  the  product  of  the  differentials  of  three  rectangular 
coordinates  d.v,  dy,  dz  may  be  expressed  by  the  product  of  the 
differentials  of  polar  coordinates  and  then  becomes  equal  to 
r^  sin  6  dr  dO  d(fi,  so  if  any  m  variables  i\,  t"2  • . .  Vm  are  func- 
tions of  ;/i  other  u^,  ^3  •  •  •  ^«»o  f^6  product  of  the  differentials 
of  the  first  variables  may  be  expressed  by  the  product  of  the 
differentials  of  the  latter,  by  means  of  the  well-known  func- 
tional detern.iinant 

dc,  dv, . . .  c/o,  =  da,  da, . . .  da,,,  ^  ±  ^^^  ^^       ^'  ■  ^^) 

*  E  vfiW  not  contain  t,  and  will  therefore  simply  be  a  function  of 
y'l  •  •  -P'n)  since  it  remains  constant  daring  the  whole  motion, 

t  This  follows  thus: — If  the  mag-nitudo  A  =  2  ^  '^  Tdt  be  expressed  as  a 

function  of  the  Hamiltonian  independents,  then  Hamilton  shows  (Thom- 
son and  Tait's  '  Natural  Philosopliy,'  new  ed.  §  330,  equation  18)  that 

,  _      fJ\         _  dX        _  dA 
dq  r  dqs  (/E 

whence  it  follows  at  once  that 

dp  r  _       dps  _     d'A 
dqs  dq'r      dqrdq'g' 

and  so  on. 
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We  have  a  special  case  if  some  of  the  r's  are  identical  with 
some  of  the  ?^'s — if,  for  example,  we  retain  the  ^'-coordinates 
and  transform  only  x  and  y  into  polar  coordinates.  Suppose 
that  i\  =  Ui,  V2  =  ti2, . . .  Vk  =  Uk,  but  that  v  jt+i . . .  Uto  are  given 
functions  of  Ui,  rio, . . .  iim  ',  then  the  functional  determinant  is 
simplified  to 

dvi  dv2 . . .  dfm  =  dui  da.2 . . .  du,„  2  +  ^^''^+'  . . . ^^.     .     (2) 

-  duk+i       dum 

We  may  now  apply  this  general  formula  to  the  former  one. 
Instead  of  ?;i . . .  »,„  let  us  put  the  2n  + 1  Hamiltonian  inde- 
pendents qi. . .  <jn,  5'V  •  •  '/«E;  for  t\. . .  v^.  let  us  put  71 . . .  q„:> 
but  for  Vk+i . . .  r„,  let  us  put  /Jj  . .  .p;jT.  Then  equation  (2) 
becomes 

d^i . . .  dqn  dpi . . .  diJn  dT= 

dqi...dqnd</\...d</ridEX±^^'"-^^^'    •     •     (3) 

Let  us  now  in  the  generally-applicable  formula  (2)  intro- 
duce other  special  values,  viz.  for  Ui. . .  Um  the  Hamiltonian 
independents  again,  but  substitute  q'l- . .  q' n  for  i\.. .  v^,  whilst 
for  rt+i . . .  v„,  -vve  substitute  the  variables  p\  . .  .p'nT  ;  w'hich 
indeed,  according  to  Hamilton's  method,  are  also  functions 
of  the  independents  introduced  by  him  ;  consequently  equa- 
tion (2)  is  applicable  to  this  case  just  as  much  as  to  the 
former.     Equation  (2)  becomes  by  this  substitution, 

dq\  .  .  .  dq'n  dp' I  .  .  .  dp'n  dT  = 

*/....*/„</,....  rf,../E2±  J... |1»|^.     .     .(4) 

The  reader  is  advised  to  write  down  the  functional  determi- 
nants of  equations  (3)  and  (4)  at  length,  and  then  for  each 
member  of  the  functional  determinant  of  equation  (4)  to  sub- 
stitute the  value  which  it  would  have  according  to  equa- 
tion (1).  We  shall  then  have,  except  for  sign  and  for  an 
exchange  of  horizontal  and  vertical  lines,  exactly  the  functional 
determinant  of  equation  (3).  The  two  functional  determinants 
have  therefore  the  same  numerical  value  ;  and  since  we  are 
here  concerned  simply  with  this,  and  in  the  equations  (3)  and 
(4)  the  products  of  the  differentials  of  the  right  sides  are  iden- 
tical, it  follows  from  these  equations  that 

f/yi . . .  d<i„  df]  . . .  dpndT  —  dq\  . . .  d'qn  dp' I , . .  dp'ndr. 
Dividino-  each  side;  bv  dr.  we  obtain 

(/71  .  .  .  dijn  dj'i  .  .  .  dj>n  =  dq\  .  .  .  d(/n  dp\  .  .  .  dj/,,,         ■       (5) 
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which  equation  expresses  Boltzinann's  theorem  in  its  fullest 
generality*. 

In  this  equation  the  old  independents  q\  . . .  '/„,  ^/i . .  .j-ZnT 
appear  again.  Since  "sve  divided  by  dr,  and  consequently  (h 
appears  no  more  in  the  equation,  this  is  equivalent  to  saying 
that  the  time  of  the  whole  motion  is  to  be  regarded  as  a  con- 
stant. On  the  other  hand,  all  the  coordinates  and  momenta 
holding  good  for  the  instant  of  commencement  of  motion  (/.  e. 
all  the  quantities  y'l ..  .^/„)  are  to  be  increased  by  intinitely 
small  amounts.  The  values  '/i...^>,j  of  the  coordinates  and 
momenta  at  the  time  r  will  therefore  also  undergo  infinitely 
small  increase;  and,  according  to  equation  (5),  the  product  of 
the  first  must  be  put  equal  to  the  product  of  the  latter  incre- 
ments; consequently,  if  we  choose  the  old  independents,  we 
must  have 

-  ch/i ' ' '  dp'n 

For  the  sake  of  a  clear  view  of  the  meaning  of  equation  (5), 
let  us  imagine,  instead  of  one  system  S,  an  infinitely  large 
number  of  exactly  similar  svstems  S.  Let  the  law  of  action 
of  the  forces  be  precisely  the  same  for  all  the  systems  (of 
course  without  any  two  systems  having  any  action  upon  each 
other).  Let  the  duration  of  motion  r  be  exactly  the  same  for 
all  the  systems — but  the  conditions  of  the  systems  at  the  in- 
stant of  connnencement  of  motion  not  the  same  for  all  the 
systems,  but  having  at  the  instant  of  commencement  of  motion 
the  values  of  coordinates  and  momenta  between  the  limits  </i 
and  q'i  +  dg\. .  .|/,j  nnd  j/ii  +  dj/n  for  all  the  systems.  Then 
also  at  the  instant  at  Avhich  the  motion  ends  the  conditions  of 
all  the  systems  will  not  be  the  same,  and  coordinates  and  mo- 
menta may  lie  between  the  limits  (ji  and  qi  +  dqi. .  .p,i  and 

*  In  Watson's  excellent  book,  'A  Treatise  on  tlie  Kinetic  Theory  of 
Gases'  (Clarendon  Press,  1876),  p.  13,  there  is  an  error,  or  at  least  an 
inaccuracy  of  expression,  in  the  derivation  of  this  equation.  In  the  partial 
ditterential  quotients  of  the  functional  determinant,  at  the  head  of  that 
page,  besides  p  and  P,  the  time  r  of  the  motion  is  to  be  regarded  as  an 
independent  variable ;  but  the  equation  following  from  this, 


(Iqr  _  _     d'A.     _  _  fZQs 


only  liolds  good  Avhen  E  is  variable  independently  of  p  and  P.  Conse- 
quently, in  forming  the  partial  ditterential  quotients  of  this  equation,  E  is 
to  be  regarded  as  constant ;  in  forming  those  of  the  fimctioual  determi- 
nant, r  is  to  be  regarded  as  constant ;  and  the  applicability  of  an  equation 
holding  good  between  the  tirst  partial  ditterential  quotients  to  the  latter 
requires  still  to  be  proved. 
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i>,i  +  '^p,f  Then  e(|uation  (5)  holds  good  between  the  pi'odnct.s 
of  dift'erentitils. 

V  is  a  function  of  the  coordinates  determined  by  the  con- 
stitution of  the  system;  so  also  T  is  a  function  of  the  momenta 
or  of  the  momenta  and  coordinates  determined  by  the  consti- 
tution of  the  system.  Therefore  also  E  =  V  +  T  is  a  function 
of  coordinates  and  momenta  V{'j\ . .  .j^')  given  by  the  consti- 
tution of  the  system.  If  we  imagine  the  variables  replaced 
by  their  values  at  the  time  t,  then  E  appears  also  as  a  function 
of  these  values,  which  we  have  also  denoted  by  q^. . .  (jn-  E 
may  therefore  be  introduced  in  the  product  dq-^ . . .  dp,i  of 
ecjuation  (5)  in  tbe  place  of  one  of  the  variables,  e.  g.  pi ;  so 
that  we  obtain 

c/yi . . .  f//;^  =  dqi . . .  d'jn  dpn . . .  dp,^  dE -. — V"^"  .     (6) 

This  magnitude  E.  the  total  energy  of  the  system,  is  obtained 
also  by  substituting  in  the  function  F  for  qi . .  .p^  their  values 
g'l . . .  p'n  fit  the  commencement  of  the  time.  Then  E  appears 
expressed  as  a  function  of  g\  . .  .y/„,  and  may  be  introduced 
in  the  product  dq'i . . .  dp'n  of  equation  (5)  instead  of  p\, 
which  gives  us 

dq\  . . .  dq/n  =  dq\  . . .  dq'n dp',  . . .  dp',, d'E---'^^^'^)';-'^''"\(6a) 

dp  I 

If  qi  be  expressed  as  a  function  of  the  old  independents 

q\. . .  q'ti^,  then  -^  is  the  differential  quotient   of  q^  in  the 

usual  sense,  by  allowing  the  time  to  increase  without  altering 
otherwise  the  initial  conditions  {q' . .  .p',^.  Maxwell  denotes 
it  by  q^.  It  is  of  course  also  a  function  of  q\  . .  .p'n'^.  Let  its 
value  when  t=0  be  '(^-^  ;  then^  according  to  Hamilton, 

.   _  (ZE  _r/F(g'i...j.)„)     .,  _  dY{q\  . .  .p'n)^ 
'^'-dpr  dp,         ''^^-  dp\ 

Substituting  the  values  (6)  and  (6  a)  in  equation  (5)  and 
dividing  by  dE,  we  obtain 

dq^ . . .  dqn  dp2 . . .  dpn  _  dq\ . . .  dq'n  dp' 2  •  •  •  dp'n  '      .„. 

{dE  does  not  occur  here).  The  equation  admits  of  the  following- 
interpretation.  Let  there  be  given  an  infinite  number  of  simi 
larly  constituted  systems  S.  Let  the  time  of  the  entire 
motion  have  for  all  exactly  the  same  value  t,  and  the  total 
energy   exactly   the   same  Aalne  E.     Let  the  values  of  tlie 

*  Compare  Thomsou  aud  Tait,  new  edition,  §  318,  equation  (30). 
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variables  (/i ...  <7„, ^'2 ..  .^^„  ut  the  beginning  of  the  times  be 
Ijetween  the  limits 

r/i  and  q\  +  dq\  . . .  (/„  and  q',^  +  dq',„  \ 

p'2  and  p'2  +  dp' 2  • .  -p'n  and  p'n  +  dp'n^  J 

tor  all  the  systems,  while  p-^^  is  determined  by  the  equation  ot" 
energy.  If,  further,  Ave  denote  the  limits  between  which 
coordinates  and  momenta  lie  at  the  moment  at  which  motion 
ends  by 

qi  and  q^  +  dq^  ...</«  and  q,i  +  dq„,  \  ^  . 

P2  tmdip^  +  dp^. .  .pn  and  p„ +  (//'«;-' 

then  again  equation  (7)  must  hold  between  the  products  of 
differentials. 

IMaxwell  employs  now  a  method  which  he  calls  the  statistical. 
He  assumes  we  have  a  large  number  N  of  systems  such  as  S 
given,  having  all  exactly  the  same  energy  E,  but  whose  coor- 
dinates and  momenta  at  the  commencement  of  motion  have  all 
possible  values.  He  proposes  to  himself  the  problem  to  inves- 
tigate, not  how  coordinates  and  momenta  change  for  each  of 
these  systems  with  the  time,  but  how  many  systems  at  a  given 
time  ''  have  the  phase  (pq)'' — i-  e.  for  how  many  the  coordi- 
nates and  momenta  lie  between  the  limits  (9). 

pi  is  always  determined  by  the  equation  of  energy.  The 
number  of  systems  which  at  the  time  r  "  have  the  phase  (pq)  " 
Maxwell  denotes  in  general  by 

^/(Vl  •  •  •  fJn,  p-2  •  •  'PnT)  dq^ . . .  dqn  dp.2 . . .  dpn.      •      ( lO) 

The  number  of  systems  which,  at  time  0,  have  the  phase  {p'q'), 
I.  e.  for  which  the  variables  at  this  time  lie  between  the  limits 
(8),  will  consequently  be  denoted  by 

^/(?'l  •  •  •  (l'n,2j'2  •  •  -P'n^)  dq\  .  .  .  dq'n  dp' ^  •  •  •  dp' n.      .      (11) 

But,  in  accordance  with  the  signification  already  given  to 
qi. . .  Pn  and  q'l . .  .j/ti,  exactly  the  same  systems  have  the  phase 
(pq)  at  the  time  t  which  had  the  phase  (p'q')  at  the  time  0. 
The  expressions  (10)  and  (11)  are  therefore  equal;  whence, 
referring  to  equation  (7),  we  have 

Q\f(9l  •  •  •  9n,P2  •  •  -l^nT)  =  k' \f(q\  •  •  •  Q^^njiA  •  •  •  PnO).     .      (12) 

Maxwell  calls  the  distribution  of  the  system  stationary  when 
the  number  of  systems  having  any  given  phase,  e.  g.  (p'q')^ 
does  not  change  with  the   time — M'hen,  therefore,   for  any 

(f\'..q'n',p'i"  'p'n-, 

/Wl  ■  ■  •  f/n,p'2  •  •  •PnT)  =  t(q\  .  •  •  q'nip'i  '  •  'P'nO)      .      (13) 

Since  in  equation  (12)  r/', . .  .p'n  are  also  anv  initial  values 
Phil.  Maij.  S.  5.  Vol.  14.  No.  ^^.  Od.  1882.    "  X 
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of  the  variables  whatever,  equations  (12)  and  (13)  may  be  at 
once  combined  with  each  other,  and  give 

qifiqi  •  •  •  <ln,lh  •  •  'Pnr)  =  q\f{r/i . . .  5'„,y2  •  •  'j^nry. 

Since /no  longer  contains  the  time  r,  it  is  better  to  omit  t 
from  under  the  functional  sign  and  to  write 

^i/(9i  •  •  •  9n,p2  '  •  -Pn)  =  q'ifiq\  '  ■  ■  q\np'2 '  •  •  p'71)  •     .     (14) 

Here  q'^. .  .q'n,p'2-  "P''^  ^I'e  ^i^}'  initial  values  whatever; 
</i .  • .  qn,2^-2  •  •  'P^^  ^^'®  ^^^  values  of  coordinates  and  momenta 
which  a  system  starting  from  these  initial  values  attains  after 
a  time  r,  in  other  respects  unfixed. 

Let  us  therefore  imagine  a  svstem  startino;  from  anv  initial 
values  of  coordinates  and  momenta  ;  then  in  course  of  the 
motion  it  will  assume  continually  new  and  new  values  of  co- 
ordinates and  momenta.  The  coordinates  and  momenta  are 
therefore  functions  of  the  initial  values  and  of  the  time.  But 
there  will  be  in  general  certain  functions  of  coordinates  and 
momenta  which  have  constant  values  during  the  whole  motion, 
as  in  a  free  system  the  component  velocities  of  the  centre  of  gra- 
yiij,  or  the  sums  of  angular  momenta,  are  invariable.  Let  us 
therefore  imagine  in  the  expression  §'i/('/i  •  •  •  On,  p^  •  •  -Pn^  first 
of  all  those  optional  initial  values  from  which  each  system 
started,  then  continuously  the  values  in  order  which  coordi- 
nates and  momenta  assume  for  that  system  as  the  time 
increases;  then  for  the  existence  of  stationary  distribution  it 
is  necessary  and  sufficient  that  the  value  q^f  shall  remain 
unaltered,  or,  in  other  words,  g'l/'must  contain  only  such 
functions  of  y^ . .  .p„  as  remain  constant  during  the  whole 
inotion  of  a  system  from  any  initial  values  whatever,  and  con- 
sequently are  dependent  on  the  initial  values,  1)ut  not  on  the 
time  Avhich  has  elapsed.  If  the  system  is  so  constituted  that  its 
coordinates  and  momenta,  starting  from  given  initial  values, 
assume  in  the  course  of  a  sufficiently  long  time  all  possible 
values  consistent  with  the  equation  of  energy,  then  qif  must 
in  oeneral  have  the  same  value  for  all  coordinates  and  momenta 
consistent  with  the  equation  of  energy — must  therefore  be  a 
constant. 

I  will  now  mention  some  other  terms  employed  by  Max- 
well. If  one  of  the  systems  S  starting  from  a  given  initial 
condition  moves,  all  the  conditions  through  which  it  passes  in 
consequence  of  its  motion  as  time  increases,  constitute  the 

*  This  or  the  identical  equation  (14)  is  necessary  that  the  distribution 
may  be  stationary.  It  is  also  sufficient ;  for  from  it  and  i-quation  (12) 
equation  (13)  follows  at  once  for  any  q\  . .  .;/n  whatever,  which  is  exactly 
the  mathematical  expression  for  a  stationary  distribution. 
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path  of  the  system,  each  separate  condition  of  motion  a  phase 
of  tliis  path.  All  the  functions  of  coordinates  and  momenta 
Avhich  remain  constant  during  the  whole  path  he  calls  the 
parameter  characteristic  of  the  nature  of  the  path,  whilst  all 
other  functions  of  coordinates  and  momenta  depend  also  on 
the  phase.  In  order  that  the  distribution  of  the  systems  shall 
be  a  stationary  one,  it  is  necessary  and  sufficient  that/' shall 

be  equal  to  — ,  multiplied  by  an  arbitrary  function  of  the  para- 

meters  characteristic  of  the  nature  of  the  paths. 

Maxwell  considers  the  simplest  case  when  this  function  is  a 

C 
constant,  and  therefore  /=  — :  then 

l^Cdqi . . .  dqn  dp.2 . . .  dpn  ^■,-^^ 
— ....      \i^o) 

is  always  the  number  of  systems  for  which  coordinates  and 
momenta  lie  between  the  limits  (9),  Avhilst  />i  is  determined 
by  the  equation  of  energy. 

This  is,  then,  the  simplest  possible  stationary  distribution. 
If  the  5''s  denote  the  rectangular  coordinates  of  material 
points,  then  the  products  of  the  component  velocities  into  the 
corresponding  masses  niiXi,  niiVi . . .  are  the  corresponding 
momenta ;  then  the  kinetic  energy 

2 

where  evidently  ~~-  is  the  kinetic  energy  resulting  from  the 

motion  of  the  first  atom  in  the  direction  of  the  axis  of  x,  and 
so  on.     In  like  manner,  generalized  coordinates  can  always 


be  so  transformed  that 


"T  .   .    •  ri         } 


--    2     '  ••      2 
where  the  7's  contain  simply  the  coordinates.     Maxwell  calls 
-~  the  "  kinetic  energy  resulting  from  the  rth  momentum," 

or  simply  the  "kinetic  energy  of  the  >'th  momentum"  The 
mean  kinetic  energy  of  any  one  of  the  momenta,  say  of  the  rih. 
momentum,  is  therefore  expressed  by 

JJ. . .  yrp'rdqi . . .  dp,,  _^i  j  •  •  •  '^</i  •  •  •  (^Pn 
X2 
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Here  the  inteoration  is  effected  with  reference  to  all  the  other 
p's  before  that  with  reference  to  j},.- 

I  will  here  show  only  how  the  integration  with  reference  to 
pn  is  to  be  effected  when  r  is  not  equal  to  n.  For  Qi  is  to  be 
substituted  its  value 

f  =y,p,=  ^W.\/E-y-''p...-'^'.  .  (ir.) 

(ipi  ^  2  2 

If  we  consider  that,  in  the  integration  with  reference  to  />„, 
the  quantities  Qi. . .  qn,p2  •  ■  -pn-i,  and  therefore  also  71 .  - .  yn, 
V,  and  pr  iii'e  to  be  considered  as  constant,  we  may  put 

E-iT         liri                  ln—\L  n—\  j     Inl  n ,,,  . 

-V-  -g-  . . . 2 =«,  and  —^  -'t . 

then,  in  integrating  with  reference  to  pn-,  all  up  to  qx  conies 
before  the  sign  of  the  integral,  and  j  ~   reduces  to 


f 


"which,  as  is  well  known,  can  be  easily  calculated.  The  inte- 
gration can  be  equally  easily  performed  with  reference  to  the 
remaining  p's,  and  lastly  to/>^.  Since  V  is  a  given  function  of 
the  coordinates,  the  mean  kinetic  energy  may  be  found  simply 
by  repeated  integration. 

The  symmetry  of  the  formula  (16)  shows  at  once  that  it  has 
the  same  value  for  all  momenta,  consequently  also  for  all 
atoms  in  the  case  of  material  points.  The  number  Zi  of  the 
systems  for  which  the  values  of  coordinates  lie  between  q^  and 
<7i  +  rfji . . .  ^n  and  qn  +  (^qn,  and  the  kinetic  energy  of  the  mo- 
mentum p,. between  k  and  h  +  dk,  whilst  all  the  other  momenta 
have  all  possible  values,  is  found  by  integrating  the  expression 

/9T. 
(15)  mth  reference  to  those  other  momenta,  but  putting  \  /  — 

dh  ^  y^ 

and      -— -  for  />,.  and  dpr ;  the  number  Zg  of  the  systems  for 
V  2/1:7 

which,  whilst  keeping  the  conditions  for  the  coordinates,  the 
last  momentum  may  be  any  we  like,  by  integrating  also  with 
reference  to  pr  or  k  over  all  possible  values. 

The  integration,  after  using  the  substitution  (16),  otters  no 
difliculty,  and  gives 
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Zj^     (E-v-/)'^,«:rQ) 
(E-v)  ^  i/;,r(i)r(-^) 

This  number,  and  consequent!}^  the  law  of  distribution  of  kinetic 
energy,  has  the  same  value  for  all  momenta.  For  large  values 
of  n, 

Zi      e   2Kf/^- 

TT  =  1 — 7-- —  nearly, 

E— V 

where  K  =  —  is  the  mean  value  of  the  kinetic  energy  of  a 

momentum  corresponding  to  these  values  of  coordinates,  and 
the  same  for  all  momenta. 

In  order  to  apply  these  equations  to  the  theory  of  Heat, 
Maxwell  imagines  amongst  the  systems  S  precisely  similarly 
constituted  warm  bodies  enclosed  in  absolutely  rigid  envelopes 
impermeable  to  heat,  which  are  completely  independent  of 
each  othei-,  and  all  possess  the  same  energy  E.  The  systems 
S  therefore  now  represent  to  us  very  many  similarly  consti- 
tuted real  bodies  of  equal  temperature  and  under  equal  external 
conditions.  The  condition  of  motion  of  each  of  these  bodies 
is  to  be  determined  by  the  coordinates  and  momenta  ^1 . .  .p„ 
formerly  employed.  The  different  bodies  are  to  have  started 
from  very  different  initial  conditions;  and  the  number  of 
systems  for  which,  at  the  commencement  of  the  time,  coordi- 
nates and  momenta  lay  between  the  limits  (9),  is  to  be  given 
by  the  formula  (15).  We  know  that  then  the  distribution  is 
a  stationary  one.  The  systems  which  had  the  phase  (^^j)  at 
the  commencement  of  the  time^  it  is  true,  soon  pass  out  of  this 
phase;  but  exactly  as  many  systems  enter  on  this  phase  to 
replace  them,  and  thus  it  continues  for  all  times.  The  equa- 
tions obtained  above  hold,  therefore,  for  all  bodies.  The  mean 
kinetic  energy  must  have  the  same  value  for  each  of  the 
momenta,  viz.  the  value  calculated  above.  The  case  might,  of 
coui-se,  occur  that  the  equations  should  not  hold  good  for  each 

n  —  2 

*  Wlieu  V  is  small  Avitli  reference  to  E,  and  n  is  large,  (E-V)   2 

u—2    _  nV 

approaclies  to  the  limit  E  ^    e    ^^'  and  the  hydrostatic  differential  equa- 
tion for  polyatomic  gases  follows  from  the  equation  in  the  text. 
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single  body — that,  for  example,  the  mean  kinetic  energy  of  a 
momentum  should  be  greater  in  one  body  than  that  calculated 
above,  in  which  case  it  must  of  course  be  smaller  again  in  other 
bodies,  so  that  wo  may  have  the  true  mean  value  for  all  bodies. 

But  it  is  to  be  remembered  that  all  our  bodies  are  found 
similarly  constituted,  of  equal  temperature,  and  under  similar 
external  conditions.  In  the  case  just  spoken  of,  therefore,  the 
behaviour  of  bodies  of  that  kind  would  be  different  according 
to  the  initial  condition  from  which  they  started.  But  this  is 
not  confirmed  by  experience.  As  often  as  one  and  the  same 
body  is  left  to  itself  with  the  same  energy  of  motion  and  under 
the  same  external  conditions,  it  assumes  with  time  the  same 
thermal  condition,  the  stationary  condition  corresponding  to 
that  temperature  and  those  external  conditions.  Wo  are 
therefore  justified  in  maintaining  that  our  equations  hold  not 
simply  for  the  above-defined  conceptions  of  bodies,  but  also 
for  the  stationary  final  condition  of  each  single  warm  body. 
That  the  condition  of  equality  of  temperature  between  warm 
bodies  has  a  very  simple  mechanical  meaning  independent 
of  their  initial  conditions,  follows  also  from  the  fact  that 
it  is  not  influenced  by  the  compression,  turning,  or  displace- 
ment of  particular  parts. 

If  we  substitute  for  the  system  S  two  different  gases  sepa- 
rated by  a  solid  division-wall  permeable  to  heat,  then  there 
follows  the  equality  of  the  mean  kinetic  energy  of  progressive 
motion  of  the  molecules  of  both  gases,  or  Avogadro's  law  ; 
the  proof  of  which,  hitherto  resting  on  the  equality  of  this 
mean  kinetic  energy  in  mixtures  of  gases,  is  unreliable,  since 
w^e  are  not  able  to  show  that  the  mean  kinetic  energy  of  pro- 
gressive motion  is  the  same  in  mixtures  as  in  separate  gases 
at  the  same  temperature. 

The  second  case  discussed  by  Maxwell  is  very  interesting, 

but  cannot  be  here  reproduced  in  full.     In  this  qi. . .  q-,,  are 

the  rectangular  coordinates    n.\...Zn,   therefore  ^>i ..  .^>j<  the 

velocity-components  multiplied  by  the  masses  miUi . . .  mn  icn  of 

a  free  system  of  atoms  S'  with  any  internal  forces  but  without 

external  forces.  Maxwell  introduces  into  equation  (5),  instead  of 

dui  clvi  chv^  du2  dv^cho^  <^^"3)  f  lie  product  rfU  c/V  cAV  d¥  clGdK  c/E ; 

where  U,  V,  and  W  are  the  velocity-components  of  the  centre 

of  gravity,  F,  G,  and  H  the  constant  sums  of  angular  momenta 

of  the  elements  of  motion  of  the  system  S'.     Equation  (5) 

,,       „         ,,      ,.  ...      .     dVdYdWdFdGrdRdE 
therefore,  after  dividmg  by 5 — 5 ,  assumes 

the  form  '  K«'2^«3 

dx'i . . .  dz'n  dv's . . .  div'n  _  d.i\  . . .  dzn  dv^ . . .  dwn 
a'  r  r  arr 
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where  r  is  the  distance  of  the  atoms  m,  and  vie,  r=  -7-:  a  is 

at 

the  double  of  the  projection  of  the  triangle  m^  2»o  iii^  on  the 
;/^-plane.  If  we  have  again  an  infinitely  great  number  of 
similarly  constituted  systems  S'  given  for  which  the  magni- 
tudes E,  U,  V,  W,  F,  G,  H  have  ecjual  values  throughout,  we 
find,  exactly  as  before,  that  the  distribution  of  these  systems  is 
stationary  when  the  number  of  those  for  which  .I'l . . .  Zn,  v^. . .  tOn 
lie  between  the  limits  Xi  and  Xi  +  dx^ . . .  Wn  and  iVn  +  dwn,  is 

equal  to  — '  ^  " .' .     Maxwell  calculates,  exactly  as  in  the 

former  case,  the  number  of  systems  for  Avhich,  with  any  velo- 
cities, the  coordinates  of  the  atoms  lie  between  infinitely  close 
limits,  and,  further,  the  number  of  those  for  which  the 
velocity-components  of  an  atom  also  lie  between  infinitely 
close  limits,  the  inean  kinetic  energy  of  an  atom,  &c.  I  quote 
two  only  of  the  results. 

1.  If  |,'>;,^be  the  velocity-componcnts'of  an  atom  of  mass  m 
referred  to  new  axes  of  coordinates,  of  which,  at  the  instant  in 
question,  the  r-axis  passes  through  the  atom,  but  the  two 
others  are  axes  of  the  section  of  the  momental  ellipsoid  by  their 
plane,  whose  origin  at  each  instant  is  the  centre  of  gravity  of 
the  system,  and  which  revolve  with  the  angular  velocities 
which  the  system  acquired  in  suddenly  becoming  solid  through 
the  operation  of  internal  forces,  then  the  mean  values  of  the 

magnitudes  mt',  q — ^.j- — ^ — :,  arc  the  same  for  all  atoms. 

°  '      1—ayz^    l—byz- 

In  particular,  the  law  according  to  which  these  magnitudes  are 

distributed  amongst  the  atoms  is  the  same  as  that  according 

to  which  »»r,  viv'^,  mi(P  were  distributed  in  the  former  case. 

-|\,r 

At  the  same  time  7=  .0= ;   if  M  is  the  total  mass  of  the 

IVi— m 

system,  z  is  the  distance  of  the  centre  of  gravity  of  the  system 

from  a  straight  line  passing  through  the  atoms  whose  direc- 

tion-cosine,  with  reference  to  the  new  axes  of  coordinates,  are 

r      1 .    fc           1  >-     T     fi            BC-L^  J      AO-M'^ 
proportional  to  ^,1],  and  ^.     Lastly,  a=  — ^^ — ,  0= ^p^ 

if  A,  B,  C;  are  the  moments  of  inertia  of  the  system  with  refer- 
ence to  the  new  axes  of  coordinates,  L,  M,  N  the  sums  ^myz, 
liW.vz,  'tmxi/  with  reference  to  the  system  of  coordinates,  and 

A,  -N,  -M 

D=     -N,      B,    -L 

-M,  -L,       C 

If  the  number  of  atoms  is  very  large,  then  still  — - — —> 


312  Mr.  W.  Le  Conte  Stevens's  JS^otes 

consequently  the  mean  kinetic  energy  of  internal  motion  (?'.  e. 
of  that  relative  to  the  new  axes  of  coordinates),  is  the  same 
for  the  atoms. 

2.  A  gaseous  mixture  distributes  itself  in  a  horizontal  tube 
rotating'  about  a  vertical  axis,  exactly  as  if  each  of  its  consti- 
tuents  were  present  alone  in  equilibrium  under  the  action  of 
gravity  and  of  centrifugal  force.  A  tube  1  metre  (/)  long, 
Avith  one  end  in  the  axis  of  rotation,  must  make  about  ten  {n) 
revolutions  per  second  in  order  that  a  mixture  of  hydrogen 
and  carbon  dioxide  shall  contain  at  one  end  1  per  cent.  ( p) 
carbon  dioxide  more  than  at  the  other.  The  rotation  must 
last  about  two  hours  in  order  that  the  previous  deviations  from 
a  stationary  distribution  shall  become  about  one  hundred 
times  smaller  ;  p  is  proportional  to  the  square  of  the  velocity 
of  the  moving  end  of  the  tube,  and  therefore  to  T-ir. 


XXXV.  Notes  on  Pliysiolofjical  Optics. 
By  W.  Le  Conte  Stevens*. 

IN  the  '  Philosophical  Magazine  '  for  May  1882  the  present 
writer  discussed  certain  phenomena  of  vision  under  vari- 
able physiological  conditions.  Among  these  was  stereoscopy, 
attained  from  a  pair  of  perfectly  similar  diagrams,  with  paral- 
lelism or  slight  divergence  of  visual  lines,  the  binocular  re- 
sultant image  being  caused  to  appear  concave,  convex,  or  plane 
at  will,  by  properly  adjusting  the  cards  in  position  so  that  the 
two  retinal  images  from  them  could  be  made  either  slightly 
dissimilar  or  alike.  A  geometric  discussion  of  this  was  given 
in  connexion  with  the  record  of  other  experiments  that  illus- 
trated the  important  effect  of  muscular  action  in  modifying 
our  unconscious  interpretation  of  retinal  sensations.  This 
discussion  was  preceded  by  a  consideration  of  the  current 
theory  of  corresponding  retinal  points,  which  was  accepted 
only  in  a  modified  sense,  and  not  mathematically.  It  was 
assumed  that,  in  examining  the  binocular  resultant,  freedom  of 
motion  is  allowed  the  eyes — a  condition  that  has  usually  been 
found  necessary  when  stereoscopy  by  this  method  is  performed 
for  the  first  time  by  any  one  who  is  not  skilled  in  binocular 
experiments.  Even  at  that  date  the  writer  was  convinced  that 
play  of  the  eyes  was  not  indispensable,  however  effective  it 
might  be  in  confirming  the  visual  judgment.  The  geometric 
discussion,  though  correct  so  far  as  it  extends,  was  not  deemed 
capable  of  covering  all  the  facts ;  but  to  test  the   extent  to 

*  An  Abstract  from  two  Papers  read  before  the  American  Association 
for  the  Advancement  of  Science  at  the  ^Montreal  meeting  in  August  1882. 
Communicated  by  the  Author. 
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which  it  was  possible  lo  attain  such  results  without  motion  of 
the  eyes,  it  was  important  to  employ  the  electric  spark  as  a 
means  of  ilhnnination.  The  opportunity  of  doing  so  was  then 
wanting,  but  has  since  been  secured. 

Vision  by  the  Light  of  the  Electric  Spark. 

The  apparatus  employed  for  the  production  of  momentary 
illumination  was  a  large  induction-coil  belonoing  to  the  Phy- 
sical  Laboratory  of  Columbia  College  (New  York),  and  loaned 
for  the  purpose  by  Professor  0.  N.  Kood.  The  stereoscope 
used  was  the  reflecting  instrument  described  in  a  former 
paper*,  which  had  been  so  constructed  as  to  giye  for  registra- 
tion the  angle,  positiye  or  negative,  between  the  observer's 
visual  lines,  the  distance  of  each  card  from  the  eye  that  receives 
its  image,  and  the  angle  which  the  plane  of  this  card  makes 
with  the  visual  line,  assuming  the  latter  to  be  horizontal  and 
the  axis  of  rotation  of  the  card  to  be  vertical.  The  writer  was 
fortunate  in  securing  the  cooperation  of  Mr.  W.  W.  Share, 
Assistant  in  Physics  in  Columbia  College,  Avho  soon  acquired 
more  than  usual  skill  in  the  control  of  his  eyes  for  binocular 
experiments. 

In  the  dark  room  the  stereoscope  was  first  so  arranged  that 
parallelism  between  the  two  visual  lines  Avas  necessitated,  in 
obtaining  binocular  vision  of  the  pair  of  pictures  at  the  moment 
these  were  equally  illuminated  by  the  passing  of  a  spark  The 
plane  of  each  card  being  perpendicularly  across  the  support- 
ing arm  of  the  reflector,  the  binocular  resultant  presented  the 
appearance  of  a  series  of  concentric  circles  on  a  flat  surfjice. 
By  rotating  each  card  through  a  known  angle  on  its  vertical 
axis,  the  binocular  resultant  could  be  made  to  assume  at  will 
the  form  of  a  convex  or  concave  elliptic  shield.  The  observer 
was  seated  with  closed  eyes  in  front  of  the  stereoscope  while 
the  manipulator  of  the  apparatus  arranged  the  cards.  The 
observer,  not  knowing  whether  this  arrangement  would  pro- 
duce planeness,  convexity,  or  concavity,  was  then  invited  to 
open  his  eyes  and  interpret  the  binocular  retinal  sensation 
attained  by  the  illumination  of  the  cards  with  a  single  spark. 
It  was  found  possible,  nearly  always,  to  make  a  correct  inter- 
pretation at  the  first  trial.  Mr.  IShare  and  the  writer  acted 
each  alternately  as  observer  and  manipulator;  and  the  result 
attained  was  confii-med  by  the  experience  of  Professor  Rood, 
who  tried  the  same  experiments  independently. 

The  distance  and  diameter  of  the  circle  on  each  card  beino- 
known,  and  also  the  angle  of  rotation  on  its  vertical  axis,  it 
becomes  possible  to  calculate  the  maximum  retinal  dis]ilace- 

*  Philosophical  Magazine,  December  1881. 
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ment  of  images  which  would  have  corresponded  retinally  if 
the  angle  of  rotation,  0,  were  zero.  The  attention  being  spe- 
cially given  to  the  centre  of  the  Ijinocular  concave  or  convex 
resultant,  the  illusion  of  l^inocular  unity  nnd  depth  in  the  pic- 
ture remained  possible  when  the  retinal  displacement  cor- 
responding to  marginal  portions  of  the  combined  image  was 
as  great  as  '39  millim.,  or  more  than  80  times  the  diameter 
corresponding  to  what  has  l)een  estimated  to  be  the  minimum 
risihile.  By  giving  attention,  through  indirect  vision,  to  the 
marginal  portions,  the  illusion  of  binocular  unity  was  easily 
destroyed,  and  double  images  at  once  became  detectable.  The 
result  was  confusion  and  loss  of  the  third  dimension  in  space 
at  these  marginal  portions,  w^hile  the  perception  remained  clear 
for  central  portions  where  no  duplication  could  be  perceived. 
These  effects  were  noticed  by  both  Mr.  Share  and  the  writer. 

The  iDictures  found  best  in  these  experiments  were  concen- 
tric circles  consisting  of  broad  black  bands  on  a  white  ground, 
or  of  white  bands  on  a  black  ground.  Various  other  stereo- 
graphs were  employed,  many  of  them  constructed  for  the  pro- 
duction of  stereoscopic  relief,  which  could  be  reversed  or 
totally  suppressed  by  appropriate  arrangement  of  the  cards  on 
the  arms  of  the  stereoscope.  The  peculiar  nature  of  the  relief, 
whether  direct  or  reversed,  was  Avhat  the  observer  was  re- 
quested to  ascertain,  and  with  satisfactory  results,  usually 
without  delay.  The  most  difficult  case  was  that  in  which  one 
picture  consisted  of  a  red  diagram  on  a  green  ground,  the 
other  a  green  diagram  of  the  same  size  on  a  red  ground. 

A  series  of  experiments,  continued  through  many  days,  was 
tried  under  illumination  with  the  electric  spark,  by  Mr.  Share 
and  the  writer  iointiv,  to  test  still  further  the  effect  of  mus- 
cular  strain  in  modifying  the  unconscious  interpretation  of  the 
binocular  retinal  image  as  discussed  in  a  former  paperf .  The 
optic  angle  was  varied  from  3°  of  divergence  to  50°  of  con- 
vergence of  visual  lines,  while  the  stereograph  of  the  moon 
was  again  emploj'ed,  being  kept  at  a  fixed  distance  on  the 
arms  of  the  stereoscope  while  the  observer,  under  the  abnor- 
mal conditions  imposed,  was  requested  to  form  an  estimate  of 
apparent  distance  and  diameter.  Each  acted  as  manipulator 
and  recorder  for  the  other,  the  observer  being  kej^t  ignorant 
of  his  own  record  until  the  whole  series  of  experiments  was 
completed.  The  result  was  in  each  case  quite  similar  to  that 
formerl}'  obtained  with  vision  by  continuous  light;  but  the 
limit  of  error  was  nuich  wider,  showing  that  under  such  un- 
usual conditions  no  single  visual  judgment  is  worthy  of  any 
confidence.  The  general  effect  on  each,  however,  was  that 
*  riiilosopliical  Magazine,  December  1881. 
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strain  of  the  internal  rectus  and  ciliary  muscles  produces  the 
illusion  that  the  object  perceived  is  smaller  and  nearer. 

The  above  is  a  mere  statement  of  facts.  Any  discussion 
they  may  suggest  is  reserved  for  a  future  paragra})h. 

The  Binocular  Union  of  Spectral  Images. 

If  a  sharply  defined  object  be  momentarily  illuminated  by 
the  intense  light  of  the  electric  spark,  a  positive  after-image 
is  perceived  and  quickly  followed  by  a  negative  image  of  short 
duration.  If  the  gaze  be  very  steadily  fixed  upon  one  point 
of  an  object  that  is  strongly  illuminated  by  the  direct  rays  of 
the  sun,  the  eyes  being  at  the  same  time  protected  from  the 
glare  proceeding  from  surrounding  objects,  a  negative  after- 
image is  obtained  that  lasts  several  minutes.  Since  its  exist- 
ence is  due  to  fatigue  of  the  retina  in  certain  parts  while  others 
remain  unfatigued,  such  an  image  appears  alwaj's  in  the  direc- 
tion of  the  visual  line,  changing  in  apparent  position  with 
every  motion  of  the  eye. 

The  late  Professor  TV.  B.  Rogers,  of  Boston,  published  in 
1860*  some  experiments  on  the  binocular  union  of  after- 
images from  illuminated  lines  so  arranged  as  to  produce  the 
appearance  of  relief.  Perspective  after-images  "were  likewise 
obtained  by  "Wheatstone  and  by  Wundt ;  but  an  objection  to 
conclusions  drawn  from  such  perceptions  as  these  consists  in 
the  fact  that  the  observer  knows  what  effects  looidd  result  in 
direct  vision  under  the  conditions  imposed ;  indeed  he  simply 
retains  a  subjective  perception  of  what  he  has  just  seen  biuocu- 
larly.  It  is  difficult  to  determine  how  far  the  perception  may 
be  due  to  imagination  rather  than  to  immediate  retinal  sensa- 
tion. Professor  Rogers  succeeded  in  attaining  perspective 
after-imao-es  even  when  the  luminous  lines  were  regarded  sue- 
cessively  instead  of  together;  but  thus  far  no  one  else  seems  to 
have  confirmed  this  result;  and  the  experiment  is  still  liable 
to  the  objection  that  the  visual  judgment  is  w\arped  by  antici- 
pation and  association.  Experiments  therefore  have  lately 
been  made  with  a  view  to  testing  these  residts,  and  at  the 
same  time  to  ascertain  whether  any  modification  would  be  im- 
posed by  varying  the  muscular  conditions  under  which  the 
spectral  images  are  seen. 

1.  Across  the  median  plane  of  vision  was  held  a  card  with 
the  upper  edge  more  remote  than  the  centre,  so  that  a  white 
band  from  top  to  bottom  on  a  dark  background  was  inclined 
about  40°.     This  was  fixedly  regarded  with  each  eye  sepa- 

*  Proceedings  of  the  American  Association  for  the  Advancement  of 
Science,  18G0,  p.  187  et  seq. 
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rately  in  succession,  while  held  in  direct  sunlight,  until  both 
]-etinas  were  fatigued.  On  going  then  into  a  slightly  darkened 
room,  the  inclined  spectral  image  was  easily  perceived,  appa- 
rently in  mid-air.  On  making  the  visual  lines  parallel,  it 
became  projected  on  the  wall,  but  without  losing  its  obliquity. 
On  strongly  contracting  the  internal  rectus  muscles,  it  ap- 
peared still  directly  in  tront,  but  much  smaller  and  nearer. 
The  experiment  was  repeated  many  times,  and  varied,  but  with 
uniform  results. 

2.  On  separate  cards  a  pair  of  diagrams  were  constructed 
in  such  a  manner  as  to  produce  an  image  in  relief  when  bin- 
ocularly  viewed,  in  the  stereoscope  or  otherwise.  These  were 
separately  and  successively  regarded  in  sunlight,  each  with 
the  appropriate  eye.  In  the  dark  room  the  resultant  after- 
image appeared  in  mid-air  in  clear  relief.  On  shutting  one 
eye,  the  component  image  that  remained  visible  to  the  other 
was  at  once  projected  upon  the  wall  as  a  flat  picture.  Strongly 
contracting  the  ciliary  muscle  of  the  eye  remaining  open,  with- 
out sensibly  contracting  the  rectus  muscles,  the  picture  was 
made  to  approach  and  grow  apparently  smaller,  in  almost  as 
marked  a  degree  as  by  the  previous  experiment. 

3.  A  series  of  concentric  black  and  white  circular  bands 
was  constructed  on  a  card,  which  was  held  in  a  vertical  plane 
obliquely  crossing  the  horizontal  visual  line  of  the  left  eye. 
After  the  retina  had  become  fatigued,  the  same  card  -was  held 
across  that  of  the  right  eye,  but  with  opposite  obliquity,  so 
that  the  distortions  of  the  elliptic  images  on  the  two  retinas 
should  be  opposite  in  sense.  Each  eye  was  closed  while  the 
other  was  receiving  light  from  the  card.  The  resultant  spec- 
tral image  was  concave  instead  of  plane,  and  presented  the 
same  variations  with  change  of  muscular  conditions  as  in  pre- 
vious experiments. 

4.  To  ascertain  whether  these  perspective  stereoscopic  effects 
were  due  to  imagination  and  association,  or  whether  they  were 
the  immediate  outcome  of  retinal  sensation,  from  the  existence 
of  dissimilar  images  remaining  through  fatigue  in  the  two 
eyes,  it  was  necessary  to  test  some  one  whose  eyes  Avere  normal, 
but  who  was  ignorant  regarding  the  nature  of  the  visual  effects 
to  1)6  produced,  and  who  therefore  could  not  bo  influenced  by 
anticipation.  It  was  found  possible  to  enlist  the  interest  of  a 
youth  of  good  general  intelligence,  who  Avas  entirely  unac- 
quainted with  even  the  elementary  principles  of  binocular 
vision.  He  submitted  to  be  trained  until  he  could  secure 
monocular  after-images  successfully  with  either  eye  at  will. 
Without  granting  him  the  slightest  clue  by  which  results 
could  be  anticipated,  the  writer  employed  a  pair  of  cards  on 
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Avhich  ■were  diagrams  so  arranged  that  the  binocular  resultant 
could  be  made  either  a  raised  cone,  a  flat  picture,  or  a  holloAV 
cone,  according  to  the  mode  of  combination  selected.  These 
cards  were  viewed  in  simlight,  never  binocularlj,  but  always 
separately  and  in  succession,  the  relation  between  the  pictures 
being  varied  in  successive  experiments.  As  soon  as  the  retinas 
were  fatigued,  the  observer  was  led  into  a  perfectly  dark  room, 
and  requested  to  describe  the  resultant  spectral  images  per- 
ceived. Without  allowing  him  ever  to  know  whether  his 
visual  judgments  were  right  or  wrong,  these  experiments  were 
repeated  day  after  day,  until  the  youth's  own  conclusions 
were  definitely  formed  by  repeated  interpretation  of  his  retinal 
sensations.  His  judgments  were  in  the  majority  of  cases  cor- 
rect, during  the  latter  part  of  the  time  invariably  so  ;  and  by 
spectral  images  alone  he  learned  what  should  be  the  proper 
arrangement  of  pictures  to  produce  a  binocular  resultant  that 
was  concave  or  convex  at  will.  The  cards  with  concentric 
circular  bands  were  then  substituted  :  and  in  like  manner  he 
soon  learned  what  kind  of  obliquity  should  be  given  the  plane 
of  each  card  in  order  to  produce  a  concave  or  convex  spectral 
binocular  image  immediately  afterwards.  His  eyes  were  not 
sufticiently  trained  to  enable  him  to  test  the  effect  of  varying 
the  tension  in  either  ciliary  or  rectus  muscles,  nor  was  he  able 
to  perceive  duplication  in  any  part  of  any  binocular  spectral 
image. 

5.  A  pair  of  diagrams  were  constructed  in  such  manner  as 
to  show  very  plainly  the  binocular  duplication  of  central  parts 
in  the  background  when  the  foreground  was  regarded  and  the 
gaze  was  monocularly  directed  to  the  centre  of  each  in  suc- 
cession, with  the  usual  precautions.  The  spectral  image  pre- 
sented the  appearance  of  relief.  By  an  efibrt  of  special 
attention  the  duplication  of  the  background  became  percep- 
tible; but  at  the  same  moment  the  appearance  of  relief  was 
lost. 

Results  from  the  Experiments  just  desci'ibed. 

These  experiments,  in  conjunction  with  those  made  by  the 
light  of  the  electric  spark,  show  that  in  the  new  mode  of  ste- 
reoscopy  play  of  the  eyes  is  by  no  means  necessary,  although 
it  constitutes  an  important  aid  in  all  cases  where  a  clear  visual 
judgment  is  not  attainable  at  the  first  glance.  They  show 
also  very  conclusively  that  the  conscious  perception  of  double 
images  in  the  binocular  field  of  view,  on  which  so  much  stress 
was  laid  by  Sir  David  Brewster*,  far  from  being  conducive  to 
clearness  of  binocular  perception,  tends  rather  to  interfere 

*  Brewster, '  The  Stereoscope,'  p.  76  et  sey. 
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with  it.     If  it  be  said  that  ^ye  unconsciously  perceive  them 
and  intuitively  distinguish  between  the  two  kinds,  homony- 
mous and  heteronymous,  this  conclusion  cannot  be  confirmed 
or  disproven,  except  so  far  as  experiments  like  those  just 
detailed  may  be  accepted  as  having  some  bearing  upon  the 
subject.       The    writer's    disposition    is   to    discard    intuition 
entirely,  and,  with  Helmholtz^,  to  regard  the  degree  of  atten- 
tion bestowed  upon  objects  pictured  at  the  same  moment  on 
different  parts  of  the  two  retinas  as  an  element  of  more  import- 
ance than  either  play  of  the  eyes  or  the  perception  of  double 
images.     The  point  in  the  field  of  view  to  which  most  atten- 
tion is  habitually  given  is  that  pictured  upon  corresponding- 
retinal  parts ;  but  the  attention  is  at  the  same  moment  divided, 
being  given  in  less  degree  to  many  other  parts  of  the  field  of 
view  as  simultaneously  perceived  with  each  eye.     The  mental 
suggestion  due  to  the  impression  of  non-corresponding  parts 
is  that  of  the  third  dimension  in  space.     If  this  be  called  the 
perception  of  double  images,  their  effect  seems  to  be  dependent 
upon  their  not  emerging  into  consciousness.     Add  to  this  the 
fact  that  the  gradation  between  single  and  double  vision  is 
wholly  imperceptible,  and  hence  that  for  infinitesimal  depar- 
tures from  slnMe  vision  there  can  be  no  demonstrable  distinc- 
tion  between  the  two  kinds  of  double  images.     In  the  inter- 
pretation of  our  sensations  we  are  certain  that  experience  is 
our  habitual  guide,  though  by  no  means  always  a  reliable  one. 
Whether  intuition  can  be  accepted  as  an  additional  guide  at 
all,  it  is  not  easy  to  pronounce.     The  debate  between  the 
advocates  of  the  empiristic  and  nativistic  theories  is  doubtless 
like  the  well-known  quarrel  about  a  certain  shield,  and  may  be 
continued  indefinitely.     The  domain  of  intuition  is  certainly 
far  more  limited  than  was  thought  a  few  generations  ago  ; 
whether  it  can  be  reduced  to  zero  may  perhaps  be  decided  a 
few  generations  hence.      In  all  ordinary  cases  of  binocular 
vision  the  effect  is  cumulative.     The  judgment  quickly  reached 
is  a  product  not  only  of  difference  in  the  degree  of  attention 
given  at  the  same  moment  to  oljects  seen  by  direct  and  by 
indirect  vision  respectively,  but  also  of  variation  in  attention 
to  different  points  directly  viewed  in  succession,  of  the  mus- 
cular sense  while  free  play  is  given  to  the  eyes,  and  of  all  the 
elements    available    in    monocular   vision,  which  have  been 
grouped  together  under  the  name  of  physical  in  contrast  with 
physiological  perspective. 

*■  Helmholtz,  Oj'tiqtte  Physiolotjique,  p.  1009. 
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A  Treatise  on  the  Transit  Instrument  as  applied  to  the  Determination 
of  Time.  For  theuseof  Countnj  Gentlemen.  5y  Latimer  Claek, 
M.I.G.E.6fc.  (Published  by  the  author,  G  AVestininster  Chambers, 
Loudon.)  72  pages  text,  with  29  pages  Transit  Tables. 
^HE  object  of  this  little  work  is  to  popularize  the  use  of  the 
-*-  portable  Transit  for  finding  correct  time  among  amateurs  of 
small  means,  xlbout  half  the  work,  describing  the  instrument  and 
its  use,  is  written  in  a  thoroughlj^  popiUar  style,  as  free  as  is  possible 
from  technical  terms.  Simple  modes  of  adjusting  iu  position  are 
given ;  and  the  instrument  is  supjwsed  to  be  used  only  in  correct 
position,  so  that  no  "corrections'"  have  to  be  computed.  This  is 
an  admirable  mode  of  use  for  a  beginner :  some  preliminary  personal 
instruction  would,  however,  be  requii-ed ;  the  detail  given  is  not 
enough  for  a  person  quite  unused  to  instruments.  The  second  part 
is  intended  for  more  advanced  amateurs.  In  this  some  astrono- 
mical terms  and  usages  are  explained,  and  the  mode  of  computing 
the  "  corrections  "  to  transits  observed  with  an  instrument  not  iu 
perfect  adjustment  are  fully  entered  into. 

The  Tables  (72  pages)  contain  the  data  for  transits  of  the  sun 
and  certain  stars  for  six  months  in  a  simple  form  very  suitable  for 
beginners ;  they  form  an  appendix  to  the  text,  and  are  to  be  pub- 
lished anew  yearly,  thus  saving  the  need  of  mastering  the  JS'autical 
Almanac  (itself  rather  a  formidable  work). 

There  is  a  misprint  of  8"  4G'  2S"  for  Si"  46"'  28'  on  p.  42,  which 
may  confuse  a  beginner.  The  accounts  of  the  Polestar  on  p.  26 
and  p,  48  do  not  agree :  on  p.  26  it  is  said  that  it  "  is  very  close  to 
the  North  Pole,  and  revolves  I'ound  it  daily  at  a  distance  of  about 
Ig  degree;'"  whilst  on  p.  48  it  is  said,  "let  us  imagine  ourselves  at 
the  North  Pole.  We  should  see  the  Polestar  directly  overhead 
remaining  motionless."  On  the  whole,  however,  the  work  may  be 
said  to  fulfil  well  the  purpose  for  which  it  was  written,  and  will 
help  to  supply  an  amateur's  wants.  To  meet  the  case  of  amateurs 
of  small  means,  it  is  stated  (in  an  advertisement)  that  an  excellent 
portable  transit  with  14"  telescope  and  Ig"  aperture  can  now  be  had 
for  £8.  ALLA2f  Cuxxrs'GiiAM,  JIaJor  B.E. 

Geologij  of  Wisconsin.     Surve)/  of  1S73-7 9.  Vol.  III.     Large  8vo, 
763  pages.     With  numerous  Plates  and  other  Illustratious,  and 
an  Atlas  of  Maps.     Published  under  the  Direction  of  the  Chief 
Geologist  [T.  C.  Charaberlin]  by  the  Commissioners  of  Public 
Printing,  in  accordance  with  Legislative  Enactment.   [Madison.] 
1880. 
Volume  II.   of   this   excellent   Survey,  published  in   1877,   and 
noticed  iu  this  Journal  for  April  1880,  p.  302,  treated  of  the  geo- 
logy of  the  eastern,  central,  and  south-western  portions   of  the 
State  of  Wisconsin.     In  the  volume  before  us  the  extreme  north- 
western and  north-eastern  portions  of  the  State  are  described.     The 
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former  area  is  bordered  by  Lake  Superior,  between  MiuDesota  aud 
Michigan ;  the  latter,  with  a  part  of  the  iron  district  of  3Iichigau 
annexed,  is  traversed  by  the  Meuouinee  Eiver  and  some  of  its 
aifluents. 

Part  I.  of  this  volume  consists  of  valuable  observations  by  Pro- 
fessor Eoland  D.  Irving  on  the  "  Grenerai  Greology  of  the  Lake- 
Superior  Eegion,"  -which  is  estimated  at  7'  >,000  square  miles  in  area, 
with  strata,  probably  more  than  100, (MJO  feet  in  thickness,  including 
four  great  unconformable  systems :  aud  the  whole  is  coated  with 
enormous  deposits  of  glacial  drift,  besides  lake-alluviums.  I.  The 
Laurentian  gneiss  forms  the  crvstalliue  nucleus  of  the  region, 
and  is  continuous  with  that  of  Canada.  With  some  associated 
and  often  gneissoid  granite,  these  altered  strata  are  greatly  folded, 
and  have  a  general  southerly  dip,  with  an  E.-W.  strike,  and  an 
enormous  thickness.  II.  The  Huronian  rocks  are  12,800  feet 
tliick,  and  consist  of  (from  below  upwards): — 1.  crystalline  tremo- 
Etic  limestone  and  a  partial  quartzite,  130  feet ;  2.  quartz-schist, 
mica-schist,  and  some  uovaculite.  410  feet :  3.  tremolitic  magnetite- 
schists  aud  irony  quartzites  (Penokee  Iron  Eange),  7S0  feet ;  4.  black 
mica-slates,  -witli  diorite  aud  schistose  quartzites,  <fcc.,  3495  feet ; 
5.  dark-grey  mica-schists,  with  intrusive  granite.  7985  feet.  The  dip 
is  northward,  and  the  strike  is  oblique  to  that  of  underlying  Lau- 
rentians.  IIL  The  Iveweenawan  or  Copper-bearing  series  succeeds, 
seven  miles  in  thickness,  and  consists  of  distinctly  stratified  igneous 
rocks  like  great  flows  and  ash-beds.  The  lower  rocks,  from  10,000 
to  30,000  feet,  are  almost  ^-holly  augite-plagioclase — namely,  dia- 
base, melaphyr,  and  gabbro  (Eosenbusch).  Shales,  sandstojies,  and 
conglomerates  then  come  in,  and,  becoming  more  and  more  frequent, 
nearly  exclude  the  igneous  rocks  for  the  uppermost  15,000  feet  of 
the  series.  IV.  Lying  on  the  eroded  siu-face  of  the  Keweenawau 
strata  is  a  great  horizontal  set  of  sandstones,  defined  as  the  "  Lake- 
Superior  Sandstone,"'  and  regarded  as  equivalent  to  the  Potsdam 
Sandstone  of  the  Mississippi  valley. 

In  Part  II.  Professor  Eaphael  Pumpelly  gives  the  "  Lithology 
of  the  Iveweenawan  System,"  specimens  of  which  were  sent  to  him. 
and  represented  Diabase,  Melaphyr,  Gabbro,  L'ralitic  Gabbro, 
L^ralitic  Diabase,  Augite-diorite,  and  Felsitic  Porphyries, 

Part  IIL,  by  Prof.  E.  D.  Irving,  describes  the  "Geology  of  the 
Eastern  Lake-Superior  District"  of  Wisconsin,  premising  its  Topo- 
graphy, with  Altitudes,  Drainage-system,  A^egetatiou,  and  Soils. 
The  lithology,  stratification,  aud  economics  of  each  of  the  great 
svstems  are  given  in  detail  according  to  locality ;  also  an  account 
of  the  Glacial  Drift  and  Lacustrine  Clays  (Champlain  Series). 

Part  lY.,  by  Mr.  C.  E.  Wright,  treats  of  the  "  Huronian  Series 
West  of  Penokee  Gap."  The  Penokee  Iron  Eange  is  here  espe- 
cially described,  \Aith  the  details  of  method  of  examination.  The 
magnetic  bands  being  covered  by  Drift,  their  breadth  and  extent 
were  defined  by  the  use  of  the  solar  dial-compass  and  the  dipping 
needle,  both  of'\\hich  are  succinctly  described.  The  iron-ores  are, 
it  seems,  nearly  all  poor  or  '-lean,"  tlie  good  ore  being  probably 
high  up  in  the  series. 
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Part  y.,  by  Mr.  E.  T.  Sweet,  gives  the  topography,  uatural- 
liistory,  geology,  lithology,  and  economics  of  the  "Western  Lake- 
Superior  District "  of  the  State.  Among  the  Quaternary  deposits 
occur  the  Moraines  and  Pot-holes  of  the  Kettle  Eauge,  similar  to 
that  of  Eastern  Wisconsin,  described  in  the  previous  volume.  In 
the  Glacial  Drift  occur  not  unfrequently  nuggets  and  boulders  of 
native  copper.  Some  of  the  granitic  and  gneissic  boulders  must 
have  crossed  Lake  Superior  and  travelled  at  least  200  miles. 

Part  VI.  consists  of  an  account  of  the  "  Geology  of  the  L^pper 
Saint-Croix  District,"'  based  on  the  Is^otes  of  the  late  Mr.  Moses 
Strong,  edited  by  Mr.  C.  T.  Chamberlin.  It  treats  of  the  Surface- 
features,  the  Quaternary  formations,  and  the  Older  formations,  both 
generally  and  in  detail.  This  area  is  inland  and  south  of  the 
"  Western  Lake-Superior  District.'' 

The  Menominee  Eegion,  including  parts  of  both  Wisconsin  and 
Michigan,  is  described  geologically  and  lithologically  in  Parts  YII. 
and  YIII.  by  Major  Thomas  Benton  Brooks  and  Mr.  E.  T.  Street. 
This  being  an  important  iron-district,  overrunning  the  boundary 
of  the  two  contiguous  States,  and  Wisconsin  not  supplying  any 
money  for  the  Survey  beyond  its  own  border,  Major  Brooks  com- 
pleted the  work  at  his  own  expense,  and  suffered  serious  illness  also 
from  his  labours.  Besides  the  Superficial  Deposits  of  Drift  &c.,  the 
country  has  : — 1.  The  Caiciferous  sand-roek  and  limestone  and 
the  Saint-Mary's  (Potsdam)  sandstone,  of  the  Lower  Silurian; 
2.  None  of  the  Copper-series ;  3.  The  Upper-Huronian  granite, 
gneiss,  schists  (hornblende,  actinolite,  mica,  chlorite,  and  quartz), 
iron-ores,  clay-slate,  carbonaceous  slate  or  graphitic  shale,  quartzite, 
and  conglomerate.  4.  IMiddle-Huronian  clay-slate  and  quartzite. 
5.  Lower-Huroniau  dolomite,  iron-ore,  and  quartzite.  6.  Lauren- 
tiau  granite,  gneiss,  and  crystalline  schists.  Three  elaborate  Tables 
of  the  I'ocks  and  their  component  minerals  in  the  Menominee 
and  Marquette  Eegions  present  a  summary  of  the  lithological 
characters  of  the  several  systems  and  series  of  rocks  and  of  their 
relative  abundance  and  stratigraphical  order.  The  descriptive 
lithology  of  the  Menominee  rocks  and  of  the  Huronian  rocks 
south  of  Lake  Superior  form  two  interesting  chapters  (Chapters  3 
and  4)  of  Part  VII. ;  and  are  followed  by  Dr.  Arthur  Wichmann's 
microscopical  investigations  in  the  Huronian  rocks,  prefaced  with 
a  technical  account  of  the  minerals  composing  the  said  rocks. 
Besides  this  eminent  lithologist  of  Leipsic,  others  have  aided  in 
the  microscopical  lithology  of  AVisconsiu  as  treated  in  this  volume, 
namely  E.  Ttirnebohm,  P.  Zirkel,  Herr  Wapler,  S.  AUport,  Prank 
Eixtlev,  G.  J.  Brush,  J.  D.  Dana,  G.  W.  Hawes,  A.  A.  Julien, 
T.  Sterry  Hunt,  Prof.  E.  Pumpelly,  T.  B.  Brooks,  and  C.  E.  Wright^ 
Nine  coloured  plates  of  microscopic  sections  of  rocks  occur  in  the 
volume,  and  enhance  the  value  of  the  lithological  descriptions.  The 
lithographic  and  chromolithographic  views,  maps,  and  sections, 
illustrating  the  topography,  geology,  and  mining,  are  numerous  (44) ; 
there  are  also  23  woodcuts,  chiefly  sections  of  strata.  Above  all, 
the  magnficent  Atlas  of  Plates  XVII.  to  XXX.  inclusive,  giving 

PliU.  Mag,  S.  5.  Vol.  14.  No.  88.  Oct.  1882.  Y 
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many  sections  besides  the  coloured  geological  maps,  is  to  be  noticed 
as  a  most  useful  adjunct  to  this  liberally  published  Report  on  the 
geological  structure  and  capabilities  of  important  parts  of  the  great 
State  of  Wisconsin. 

The  Life  of  Immanuel  Kant.  Btj  J.  H.  W.  Stuckenbeeg,  D.D., 
late  Professor  in  Wittenberg  College,  Ohio.  London :  Macmillan 
and  Co!   1882. 

The  work  before  us  does  not  answer  completely  to  its  title.  Our 
notion  of  a  Life  involves  in  its  essence  the  being  written  chrono- 
logically. To  put  eveiy  thing  in  its  proper  place  with  respect  to 
time  may  be  difficult  in  the  case  of  a  philosopher  who  flourished 
one  hundred  years  ago  and  whose  life  was  remarkably  uniform ;  but 
the  task  so  accomplished  would  be  more  interesting  to  the  general 
reader  and  more  valuable  to  a  philosopher.  Vov  example,  at  the  end 
of  Chap.  XI.  we  are  landed  in  the  "  return "'  to  Kant's  philosophy, 
while  in  Chap.  XIII.  we  are  led  back  to  consider  the  old  age  and  death 
of  the  philosopher  himself.  Our  author  is  in  consequence  apt  to 
fall  into  redundancy,  a  danger  of  which  he  is  himself  conscious ; 
for  he  says  at  the  beginning  of  Chap.  XII.,  devoted  to  Correspond- 
ence and  Correspondents,  "  Kant's  letters  have  already  been  so 
extensively  used  in  this  biography,  that  little  more  need  be  said  of 
them."  In  all  other  respects  the  workmanship  of  the  volum.e 
seems  to  us  most  praiseworthy. 

Our  author  in  his  Preface  says,  "  If  Kant's  works  throw  light 
on  his  life,  it  will  also  be  found  that  his  life  aids  materially  in 
understanding  his  works,"'  In  the  thirteen  following  chapters  he 
aims  at  giving  all  the  data  which  can  by  any  possibility  throw  light 
on  the  views  of  the  philosopher — scientific,  moral,  and  rehgious. 
There  are  data  given,  however,  which  one  would  think  cannot 
throw^  much  light ;  for  example,  an  account  given  of  his  method  of 
retiring  (p.  435),  the  nature  of  which  may  be  inferred  from  the 
following  specimen  : — "  In  summer  one,  in  winter  two  nightcaps 
were  worn." 

With  this  book  before  him,  the  scientific  man  will  be  able  to 
appreciate  the  qualifications,  natural  and  acquired,  which  Kant 
brought  to  the  task  undertaken  in  the  '  Critique  of  Pure  Eeason.' 


XXXVII.  Intelligence  and  Miscellaneous  Articles. 

CONSERVATION  OF  SOLAR  ENERGY. 
BY  PLINY  EARLE  CHASE,  LL.D.* 

A  LL  forms  of  solar  energy  are  due  to  solar  radiation.  The  main- 
-^^  tenance  of  the  energy  depends  on  the  maintenance  of  the 
radiations.  In  investigating  the  relations  of  centripetal  and  centri- 
fugal action  and  reaction,  it  seems  desirable  to  consider  the  followiug 
liypotheses  and  conclusious  : — 

*  Abstract  of  a  Paper  read  before  the  American  Associaliun  at  Mon- 
treal, August  25,  1882.     Commmiicated  by  the  Author. 
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1.  Laplace's  estimate  that  the  velocity  of  transmission,  in  gravi- 
tating acceleration,  if  finite,  must  be  at  least  100,000,000  times  as 
great  as  the  velocity  of  light. 

2.  Le  Sage's  hypothesis  that  gravitation  and  luminous  radiation 
represent  equal  actions  and  reactions. 

3.  Faraday's  search  for  a  gravitating  constant. 

4.  Herschel's  comparison  of  the  mean  vis  viva  of  light  with  that 
of  sound. 

5.  Weber's  identification  of  the  velocity  of  light  (f  a)  with  the 
"  electromagnetic  ratio  "  (I'e). 

G.  Berthelot's  "  explosive  waves,"  and  their  action  upon  sound- 
waves. 

7.  The  inquiries  of  Siemens  into  the  combined  influence  of  rota- 
tion, centrifugal  action,  gravitating  fall,  and  chemical  affinity. 

To  these  considerations  the  following  may  be  added  : — 

8.  If  there  is  a  natural  unit  of  force,  we  may  look  for  a  natural 
unit  of  velocity. 

9.  Oscillations  may  be  orbital,  pendulous,  or  wave. 

10.  Different  transformations  of  similar  oscillations  are  harmonic. 

11.  Eotation  may  be  regarded  as  a  pendulous  motion,  due  to 
retarded  and  modified  revolution. 

12.  The  resemblance  of  Le  Sage's  theory  to  the  kinetic  theory 
of  gases  points  to  a  probability  that  the  natural  unit  of  velocity  is 
oscillatory.  This  probability  is  strengthened  if  we  assume  the  ex- 
istence of  molecular  and  iutermolecular  elasticity, 

13.  In  looking  to  the  activities  of  the  principal  mass  in  our 
system  for  indications  of  a  natural  unit  of  velocity,  we  find  that 
gravitating  velocities  may  be  represented  by  (it. 

14.  In  order  that  gt  may  be  constant,  t  must  vary  inversely  as  g, 
and  therefore  directly  as  r\  This  variation  is  found  in  the  rotation 
of  a  nebulous  sphere,  where  it  holds  good  for  all  stages  of  expansion 
or  contraction  which  are  not  affected  by  external  influence. 

15.  Grravitating  acceleration  should  do  its  whole  work  in  stellar 
rotation  as  well  as  in  planetary  revolution. 

16.  Particles  exposed  to  solar  superficial  gravitating  acceleration, 
during  a  single  oscillation  of  half-rotation,  would  acquire  a  velocity 
which  is  equivalent  to  the  velocity  of  light.  If  we  designate  this 
acquired  velocity  by  ?'y,  we  have  Vy=.gt-=v^  as  a  gravitating  con- 
stant, which  gives  the  following  exteusion  to  "Weber's  analogy : 
V)^:=.v^=iVy.  In  other  words,  the  unit  of  velocity  which  is  indicated 
by  solar  gravitation  is  the  same  as  is  indicated  by  light  and  by 
electricity. 

17.  The  velocity  of  light,  like  the  velocity  of  sound,  thus  repre- 
sents an  elastic  atmosphere  whose  height,  if  homogeneous,  would 
be  twice  the  Aartual  fall  \^hich  would  give  the  velocit}'  in  questiou, 
and  whose  elasticity  is  in  harmonic  accordance  with  solar  rotation 
and  planetary  revolution. 

18.  Subsidence,  from  Laplace's  limit  of  synchronous  rotation  and 
revolution  to  the  poles,  gives  a  mechanical  equivalent  of  76,000,000  J 
for  each  pound  of  subsiding  matter.     The  spiral  character  of  the 
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subsidence  produces  solenoidal  currents,  which  may  lielp  to  explain 
the  equality  of  v^,  v^,  and  Vy. 


ON  THE  APPEARANCES  OF  THE  ELECTEIC  ARC  IN  THE  VAPOUR  OF 
BISULPHIDE  OF  CARBON.  BY  M.  JAMIN,  WITH  THE  ASSISTANCE 
OF  M.  G.  MANEUVEIEE. 

At  the  meeting  of  the  IDth  June  I  made  known  to  the  Academy 
the  modifications  undergone  by  the  electric  arc  in  tlie  vacuum  of 
an  air-pump  when  the  arc  is  produced  by  a  Grramme  machine  with 
alternating  currents  of  high  tension.  I  soon  perceived  that  the 
appearances  are  modified  if  gases  or  vapours  are  introduced  into 
the  glass  vessel  in  which  the  experiment  is  made.  In  the  vapour 
of  bisulphide  of  carbon  they  are  very  remarkable. 

The  burner  is  formed  by  two  parallel  vertical  carbons  fixed  at 
their  bases ;  the  upper  extremities,  which  face  each  other,  can  by  a 
simple  mechauisui  be  joined  or  separated.  The  apparatus  is  placed 
under  a  large  receiver  of  an  air-pump,  in  wliich  a  vacuum  as  com- 
plete as  possible  is  produced.  It  is  known  that  then  the  arc  is  not 
formed ;  it  is  replaced  by  the  gleams  of  a  Greissler  tube ;  but  when 
a  few  drops  of  bisulphide  of  carbon  are  introduced,  so  as  to  obtain 
an  increase  of  pressiu^e  of  5  or  G  centim.,  the  arc  is  seen  to  kindle 
between  the  points  when  they  touch,  and  to  persist  after  they  are 
separated. 

At  that  moment  there  is  as  it  were  an  explosion  of  light,  so  vivid 
as  to  be  insupportable,  incomparably  superior  to  the  usual  bright- 
ness of  the  arc.  On  looking  at  it  through  a  dark-coloured  glass, 
one  sees  a  brilliant  arc  5  or  6  centim.  in  height,  resembling  a  horse- 
shoe or  a  capital  omega.  The  two  extremities  are  at  the  two 
carbon  points.  Besides  this  a  .long  flame  is  seen  like  that  of  a 
hearth,  which  overhangs  the  arc,  escapes  from  it,  and  ascends  ver- 
tically. 

The  points  of  the  carbons  appear  red  and  very  brilliant ;  but  the 
arc  is  pale  green ;  and  as  its  light  dominates  that  of  the  carbons, 
the  whole  room  is  illuminated  with  that  tint,  as  it  would  be  by  a 
Bengal  light  with  copper.  The  brightness  increases  with  the 
increase  of  tension  of  the  vapour,  until  it  becomes  intolerable ;  but 
as  the  resistance  of  the  medium  is  augmented  at  the  same  time,  the 
arc  often  goes  out,  and  it  is  necessary  to  relight  it  every  moment 
by  joining  the  two  carbons. 

Examined  with  the  spectroscope  this  light  presents  all  the  lines 
of  carburetted  gases  in  combustion,  but  more  complete  and  sharper. 
They  are  those  described  by  jM.Thollon  at  the  meeting  ou  August  1, 
1881.  The  spectrum  is  very  discontinuous.  At  its  red  end  a 
grooved  region  w^as  seen — first  a  very  bright  line  followed  by  several 
others  thinner  and  close,  then  a  broader  line  a  repetition  of  the 
first  and  likewise  followed  by  fine  lines ;  these  appearances  were 
repeated  in  going  towards  the  orange,  but  growing  weaker  till  they 
disappeared.  After  a  dark  interval  tlie  same  appearances  were 
seen  again  in  the  yellow  and  the  beginning  of  the  green  :  then  there 
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was  a  dark  interval,  then  the  repetition  of  the  same  effects  in  the 
green,  and  finally  in  the  violet. 

In  brief,  the  spectrum  is  composed  of  four  grooved  portions,  in 
the  red,  yellow,  green,  and  violet,  so  identical  that  they  might  be 
taken,  except  the  colouring,  for  one  and  the  same  design  which  had 
travelled  from  the  red  to  the  violet.  It  is  quite  probable  that  they 
obey  one  and  the  same  harmonic  law,  which  remains  to  be  discovered. 

Of  these  four  regions  the  green  is  the  most  luminous  ;  it  is  that 
which  gives  the  special  tint  taken  by  the  ai'c  and  colouring  all 
objects  gi'eeu. 

During  the  manifestation  of  these  appearances  a  chemical  action 
takes  place.  If  any  air  has  been  left  in  the  receiver,  or  if  the  appa- 
ratus is  not  quite  closed,  the  bisulphide  of  carbon  undergoes  incom- 
plete combustion,  a  mist  of  sulphur  fills  the  space  and  is  deposited 
on  the  sides  ;  the  carbon  burns  alone.  If  the  air  has  been  well 
purified,  the  mist  does  not  form ;  a  brown  deposit  settles  on  the 
sides,  becomes  black,  sticks  to  the  glass,  and  tarnishes  it.  This 
deposit  is  volatile ;  its  odour  reminds  one  of  that  of  sulphur. 

It  is  evidently  a  compound  of  sulphur  and  carbon,  perhaps  a 
protosulphide  corresponding  to  the  oxide  of  carbon,  perhaps  an 
isomeric  modification  of  the  ordinary  sulphide.  In  fact,  neither  a 
deposit  of  sulphur  nor  one  of  carbon  is  seen,  and  the  carbons  of  the 
burner  have  neither  lost  nor  gained  any  thing.  It  is  probable  that 
the  bisulphide  of  carbon  is  dissociated,  the  sulphur  volatilized,  the 
carbon  in  vapour  disseminated  in  the  arc,  and  that  this  carbon  and 
this  sulphur  recombine  in  the  flame  to  reconstitute  a  combination 
under  different  conditions.  But  this  is  only  a  conjecture,  no  ana- 
lysis having  yet  been  made. 

To  recapitulate,  this  experiment  is  remarkable  for  the  extraordi- 
nary quantity  of  light  produced,  the  magnitude  of  the  arc,  its 
colour,  the  composition  of  its  spectrum,  and  the  cliemieal  actions 
which  take  place.  It  is  not  likely  that  it  can  ever  be  turned  to 
account  for  lighting,  on  account  of  its  colour,  unless  perhaps  for 
light-houses  or  distant  signals. —  Comjitcs  Rendus  de  VAcademie 
des  Sciences,  July  3,  1882,  t.  xcv.  pp.  6,  7. 


ON  THE  ELECTRIC  EESISTANCE  OF  GLASS  AT  LOW  TEMPEEATUEES. 

BY  G.  FOURSEEEAU. 

The  method  employed  consists  in  passing  the  electricity  supplied 
by  a  Volta's  pile  of  from  1  to  100  elements  across  a  reaction-tube 
of  1-2  centim.  diameter  and  very  regular  thickness,  closed  at  one 
end.  The  electricity  is  collected  in  a  condenser  of  known  capacity, 
the  two  armatures  of  which  are  connected  with  the  two  mercuries 
of  a  Lippmann  electrometer  of  measured  capacity.  The  time  ne- 
cessary for  communicating  to  the  mercurial  column  of  the  electro- 
meter a  displacement  corresponding  to  a  determined  difference  of 
potential  is  observed. 

The  reaction-tube  dips  into  a  wider  test-tube ;  and  its  two  faces 
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are  bathed,  up  to  a  known  height,  by  two  conducting  masses  of 
concentrated  sulphuric  acid,  into  which  dip  some  platinum  wires 
carefully  insulated  from  the  sides  above  the  level  of  the  liquid. 
This  apparatus  is  surrounded  by  a  glass  "  muff,''  the  air  of  which 
is  dried  by  sulphuric  acid  before  commencing  the  experiments. 

In  order  to  obtain  a  uniform  and  slowly  variable  temperature, 
the  base  of  the  apparatus  is  inserted,  up  to  a  level  considerably 
above  that  of  the  acid,  in  an  oil-bath,  which  is  itself  surrounded  by 
a  sand-bath  Avhich  can  be  heated  progressively.  Tor  the  sand-bath 
a  refrigerating  mixture  can  be  substituted.  The  observations  were 
extended  to  —17°  C. 

If  E  designates  the  electromotive  force  of  the  pile,  p^  and  p.,  the 
internal  and  external  radii  of  the  tube,  h  the  height  of  the  liquid, 
r  the  specific  resistance  of  glass  per  cubic  centimetre,  C  the  sum  of 
the  capacities  of  the  condenser  and  electrometer,  and  e  the  differ- 
ence of  potential  communicated  to  the  electrometer  (always  very 
small  in  proportion  to  E),  we  have,  expressing  that  the  quantity  of 
electricity  transmitted  through  the  glass  in  the  time  6  has  been 
employed  in  charging  the  condenser, 

27r7tE 
/•= xd. 


Celog/iP^ 
Pi 


Several  experiments,  made  with  different  heights  of  sulphuric 
acid,  permit  the  elimination  of  the  influence  of  the  bottom  of  the 
tube,  the  thickness  of  which  is  not  the  same  as  that  of  the  sides. 

At  the  instant  of  the  completion  of  the  circuit  the  glass  tube  is 
at  first  charged  like  a  condenser.  Its  interior  layers  afterwards 
gradually  absorb  a  certain  charge  of  electricity,  necessary  for  bring- 
ing them  into  the  definitive  state  corresponding  to  the  fall  of  poten- 
tial established  between  the  siu-faces.  Duriug  this  variable  state, 
more  or  less  prolonged  according  to  the  nature  of  the  glass,  the 
effects  of  the  charge  of  the  glass  ai'e  superposed  to  those  of  the 
conductivity.  The  observations  are  commenced  when  the  time 
occupied  in  charging  the  glass  has  assumed  a  constant  value. 

I  have  also  observed  that  rapid  heatiug  determines  an  apparent 
increase  of  conductivity  greater  than  the  normal  increase ;  in  like 
manner  a  rapid  loweriug  of  the  temperature  gives  rise  to  an  exag- 
gerated resistance  :  but  these  phenomena  quickly  disappear,  to  give 
place  to  the  normal  resistance ;  and  they  are  not  again  produced 
when  the  variations  of  temperature  are  slow  *. 

My  observations  have  hitherto  been  made  on  three  kinds  of  glass 
— common  glass  (with  a  base  of  soda  and  lime),  Bohemian  glass, 
and  crystal. 

In  all  three,  raising  the  temperature  produces  a  rapid  increase  of 
conductivity ;  the  resistance  can  be  expressed  by  exponential  f unc- 

*  These  phenomena  appear  to  be  due  to  variations  in  the  dielectric 
power  of  glass  under  the  influence  of  temperature. 
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tious  of  the  form 

log  X  ^a~/ji  +  ct-. 

(1)  For  commou  glass,  of  density  2-539,  expressing  the  resist- 
ances per  cnbic  centim.  in  millions  of  megohms,  we  get  the  following 
results : — 

Temperatm-es.  Resistances. 

+  6r-2      0-705 

+20°         91-0 

-17°         7970-0 

In  order  to  form  an  idea  of  the  magnitude  of  this  last  resistance, 
it  may  be  remarked  that  it  represents  nearly  twice  the  resistance  of 
a  copper  wire,  of  1  square  millim.  section,  reaching  from  the  earth 
to  Sirius. 

The  whole  of  the  results  obtained  upon  commou  glass  are  ex- 
pressed by  the  formula 

log  x=  3-00507  -  0-052664  x  t  +  0-00000373  x  t-. 

The  term  of  the  second  order  being  very  small,  the  values  of 
log.v  are  represented  by  a  line  which  differs  but  little  from  a 
straight  line.  The  i-esistance  varies  nearly  I-  of  its  value  for  each 
degree  of  temperatiu'e. 

(2)  Bohemian  glass  of  density  2*431,  upon  which  I  worked,  has 
from  10  to  15  times  the  conductivity  of  common  glass  at  the  same 
temperatures.     Its  resistance  is  given  by  the  formula 

log  .v=l'7S300- 0-049530  x  e  + 0-0000711  x  t\ 

(3)  The  crystal  tried  has  for  its  density  2-933 ;  and  it,  contrary 
to  Bohemian  glass,  has  from  1000  to  1500  times  the  insulating- 
power  of  ordinary  glass  at  the  same  temperatures.  Its  conductivity 
only  begins  to  be  manifest  at  above  40°. 

At    40"-2  its  resistance  is  equal  to 6182 

At  105°  „  „  11-6 

The  results  are  represented  by  the  formula 

log  X = 7-22370 — 0-088014  x  t  +  0-00028072  x  t-*. 

— Comptes  Eendus  de  VAcademie  des  Sciences,  July  31,  1882,  t.  xcv. 
pp.  216-818. 


ON  THE  SURFACE-TENSION  OF  SOME  LIQUIDS  IN  CONTACT  WITH 
CARBONIC  ACIDf.      NOTE  BY  S.  WROBLEWSKl!}:. 
If  instead  of  water  we  take  a  liquid  which  mixes  in  all  propor- 
tions with  liquid  carbonic  acid — for  instance,  alcohol,  essential  oil 

*  The  experiments  were  made  in  M.  Jamin's  laboratory  at  the  Sor- 
bomie. 

t  Abstract  by  the  Author. 

X  See  the  preceding  Note,  Phil.  Mag.  Sept.  1882,  p.  236. 
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of  turpeutiue,  ether,  chloroform — the  phenomena  assume  the  fol- 
lowing form : — 

The  surface-tension  also  diminishes  with  the  increase  of  the 
pressure  under  Avhich  the  gas  is  placed ;  the  velocity  of  the  dimi- 
nution is  also  much  greater  at  a  low  than  at  a  higher  temperature  ; 
but  the  surface-tension,  instead  of  stopping  at  a  minimum  which 
would  be  something  characteristic  of  the  liquid,  falls  rapidly ;  and 
at  0°  C,  under  the  pressure  at  \\hich  carbonic  acid  is  Liquefied,  all 
the  liquids  above  mentioned,  without  distinction,  have  the  surface- 

tension  of  carbonic  acid — that  is,  a  tension  equal  to  4-6 -. . 

centimetre 

But  can  they  iu  this  state  be  regarded  as  the  same  liquids  ?  ISoi 
at  all.  Let  ns  take  water  as  an  example.  "\Vhen  it  is  saturated  with 
carbonic  acid  under  the  pressure  of  one  atmosphere  only,  has  it  the 
properties  of  pure  water?  It  has  a  diifereut  density,  a  different 
coefficient  of  expansion  by  heat ;  even  the  temperature  of  its 
maximum  density  is  changed.  The  changes  which  take  place  in 
the  liquids  mentioned  are  much  more  considerable :  we  need  only 
observe  what  takes  place  with  ether  when  it  absorbs  carbonic 
acid  mider  pressure.  Its  volume  increases  with  such  rapidity  that, 
although  mv  method  enables  me  to  measure  the  surface-tension  of 
a  liquid  iu  a  much  shorter  time  ^han  a  minute,  it  is  almost  impos- 
sible to  take  exact  measurements  in  this  case. 

It  follows  from  all  these  facts  that  the  phenomena  described  in 
these  Xotes  have  absolutely  nothing  to  do  with  pressure.  The 
diminution  of  the  surface-tension  of  the  liquids  depends  solely  on 
the  circumstance  that  the  surface-tension  of  carbonic  acid,  with 
which  they  are  compressed,  is  extremely  slight.  While  the  surface- 
tension  of  water  is  equal  to  80  4 nearly,  and  those  of  the 

centmietre 

other  liquids  examined,  with  the  exception  of  ether,  lie  between  32 

and  25  — LZ^^? — ,  the  tension  of  carbonic  acid  is  onl74-6 ^! . 

centmietre  '        centimetre 

Capillary  phenomena  depend  only  on  the  molecular  forces  actmg 
at  the  surface  of  the  liquid.  Therefore  it  is  not  surprising  that  the 
presence  of  a  body  which  possesses  so  feeble  a  tension  among  the 
particles  of  the  liquid  of  \^hicli  that  surface-layer  is  composed 
exerts  an  influence  upon  the  resultant  of  all  those  forces — that  is  to 
say,  upon  the  surface-tension. 

The  same  mode  of  reasoning  applies  to  the  case  of  a  liquid  being 
compressed  with  a  much'  less  liquefiable  gas  than  carbonic  acid — 
such  as  oxygen,  nitrogen,  or  hydrogen  ;  for  the  more  difficult  it  is 
to  liquefy  those  gases  the  less  must  be  their  surface-teusion.  The 
effect  of  the  compression  will  depend  only  on  the  value  of  that  ten- 
sion and  on  that  of  the  solubility  of  the  gas. — Comples  Rendus  de 
VAcudemie  des  Sciences,  August  14,  1882,  t.  xcv,  pp.  342,  343. 
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XXXVIII.  Comparison  of  Methods  for  the  Determination  of 
Resistances  in  Absolute  Measure.  By  Lord  Rayleigh, 
F.R.S.,  Professor  of  Experimental  Physics  in  the  University 
of  Camhriclge* . 

AT  the  present  time,  and  in  view  of  the  projected  confer- 
ence at  Paris,  the  snbject  of  the  present  paper  is  enga- 
ging a  large  share  of  attention ;  and  Prof.  G.  Wiedemann  f 
has  published  an  interesting  discussion  of  some  of  the  methods 
that  have  been  employed.  I  have  thought  it  might  be  of  ser- 
vice if  I  also  Avere  to  place  upon  record  the  views  that  I  have 
been  led  to  entertain,  and  which  are  the  result  of  a  good  deal 
of  experience. 

Resistance  being  of  the  dimensions  of  velocity,  its  absolute 
measurement  involves  the  absolute  measurement  of  a  length 
and  of  a  time.  The  latter  is  usually  the  time  of  a  vibration  of 
a  suspended  magnet,  and  can  be  determined  without  much 
difficulty.  In  the  B.A.  method  it  is  the  time  of  rotation  of 
the  revolving  coil,  and  can  be  obtained  with  all  desirable  accu- 
racy. In  this  respect  there  is  not  much  to  choose  between  one 
method  and  another;  but  when  we  come  to  consider  the  man- 
ner in  which  the  linear  measurement  enters,  important  differ- 
ences reveal  themselves.  These  will  be  discussed  in  detail 
presently;  but  for  the  moment  it  will  be  sufficient  to  say  that 

*  Communicated  by  the  Author. 

t  "  Ueber  die  bisherigen  Methoden  zur  Feststellung  des  Ohm."  Se- 
paratabdnick  aus  der  Eledrotechnischen  Zeitschrift,  July  18t2.  [Phil. 
Mag.  for  October,  p.  258.] 
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the  presumption  is  in  favour  of  any  method  which  requires 
only  a  single  linear  measurement.  It  is  true  that  this  ques- 
tion cannot  be  decided  without  regard  to  the  subject  of  the 
measurement ;  but,  with  scarcely  an  exception,  it  is  necessary 
to  know  the  mean  radius  of  a  coil  of  several  layers  of  insulated 
wire.  This  is  apparently  the  measurement  which  fixes  the 
limit  of  final  accuracy;  and,  in  comparison  with  it,  determi- 
nations of  the  distances  of  mirrors  and  scales  &c.  are  of 
secondary  difficulty. 

It  will  be  convenient  now  to  enumerate  the  principal 
methods  which  have  been  proposed  for  determining  absolute 
resistances.  Minor  details,  which  are  not  likel}^  to  influence 
the  final  value  of  the  results,  will  in  general  be  passed  over. 

I.  KirchhofF's  Method,  Maxwell's  Electricity  and  Magnetism, 

§  759. 

The  magnitude  of  a  continuous  battery-current  in  a  pri- 
mary coil  is  compared  with  that  of  the  transient  current 
induced  in  a  secondary  coil  when  the  primary  circuit  is  re- 
moved. Rowland*  effected  an  important  improvement  by 
simply  reversing  the  battery-current  without  motion  of  the 
primary  coil.  Tbe  time  of  vibration  of  the  ballistic  galvano- 
meter employed  for  the  transient  current  is  the  principal  time- 
measurement.  In  Rowland's  investigation  a  second  galvano- 
meter was  employed  for  the  battery-current,  and  the  ratio  of 
constants  had  to  be  found  by  auxiliary  experiments.  In  Glaze- 
brook^s  t  recent  determination  by  this  method  only  one  galva- 
nometer was  used,  the  battery-current  being  reduced  in  a 
known  manner  by  shunting.  It  is  shown  that  the  evaluation 
of  the  resistance-ratios  presents  no  serious  difficulty. 

Let  h  denote  the  ratio  in  which  the  primary  current  is  re- 
duced when  it  produces  a  deflection  «  upon  the  galvanometer, 
6  the  throw  from  rest  due  to  the  induction-current  when  the 
batter V  is  reversed,  T  the  time  of  vibration  of  the  needle  mea- 
sured  from  rest  to  rest,  M  the  coefficient  of  induction  ;  then 
the  resistance  of  the  secondary  circuit  in  absolute  measure  is 
given  by 

T3      TT  tan  «M      , 

I .  sm  it/ 

Whenever,  as  in  this  method,  the  conductor  whose  resistance 
in  absolute  measure  is  first  determined  is  composed  of  copper, 
frequent  comparisons  are  necessary  with  standards  of  German 
silver  or  platinum-silver.  Otherwise  a  variation  of  tempera- 
ture of  about  J  of  a  degree  Cent.,  which  can  hardly  be  detected 

*  American  Joiu'ual,  xv.  1878. 
t  Pi'oc.  Roy.  Soc.  June  1882. 
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with  certainty  by  tlierinometers,  would  influence  the  result  by 
as  much  as  one  part  in  a  thousand. 

If  it  be  granted  that  the  comparison  of  currents  and  the 
reference  to  the  standard  of  resistance  can  be  effected  satis- 
factorily, we  have  only  to  consider  the  amount  of  error  involved 
in  the  determination  of  M,  the  coefficient  of  mutual  induction 
between  the  two  circuits,  Avhich  is  the  fundamental  linear 
measurement.  If  the  two  coils  are  of  very  nearly  the  same 
size,  it  appears  from  symmetry  that  the  result  is  practically  a 
function  of  the  mean  of  the  mean  radii  only,  and  not  of  the 
two  mean  radii  separately.  It  is  also  of  course  a  function  of 
the  distance  between  the  mean  planes  h.  Leaving  out  of  con- 
sideration the  small  corrections  necessary  for  the  finite  size  of 
the  sections,  we  consider  M  as  equal  to  47r\/Aa  multiplied  by 
the  function  of  7,  given  in  tables  appended  to  the  second 
edition  of  MaxwelFs  '  Electricity,'  Avhere 

or,  if  we  identify  A  and  a  with  their  mean  (Aq), 

,  2Ao 

tan  7=  -~. 

The  error  in  M  will  depend  upon  the  errors  committed  in  the 
estimates  of  Aq  and  h.     If  we  write 

clM.      .  ^Ao   ,     db 
then,  since  M  is  linear. 

Thus,  if  b  were  great  relatively  to  Aq, 
X=4,  /!,=  — 3, 
a  very  unfavourable  arrangement,  even  if  it  did  not  involve  a 
great  loss  of  sensitiveness.  The  object  must  be  so  to  arrange 
matters  that  the  errors  in  A^  and  b  do  not  multiply  themselves 
unnecessarily  in  M.  But  since  /x,  is  always  negative.  A,  must 
inevitably  be  greater  than  unity. 

The  other  extreme  case,  in  which  b  is  very  small  relatively 
to  Aq,  may  also  be  considered  independently  of  the  general 
tables;  for  we  may  then  take  approximately  (Maxwell's  '  Elec- 
tricity,' §  705) 

■M  =  47rAolog|^o-2  |, 
whence  _  _  1 

^-    log  (8A,yBy=r2' 

Z2 
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showing  that  as  b  diminishes  //-  approaches  zero,  and  accord- 
ingly X,  approaches  unity,  as  is  indeed  otherwise  evident.  But 
when  b  is  small,  it  is  the  absolute  error  db  which  we  must 
regard  as  given  rather  than  the  relative  error  db/b;  and  thus 
we  are  directed  to  stop  at  a  moderate  value  of  b,  even  if  the  in- 
creased correction  necessary  for  the  size  of  the  section  were  not 
an  argument  in  the  same  direction. 

The  following  intermediate  cases,  calculated  by  the  tables, 
will  give  an  idea  of  the  actual  conditions  suitable  for  a  deter- 
mination by  this  method: — 


7- 

b/2A,. 

X. 

H- 

M. 

o 

60 

•577 

2-61 

-1-61 

•316 

70 

•364 

2^18 

-1^18 

•597 

75 

•268 

1-98 

-  -98 

•829 

80 

•176 

1-76 

-   ^76 

1-186 

We  may  say  that  the  error  in  the  distance  of  mean  planes  will 
reproduce  itself  something  like  proportionally  in  the  final  result, 
and  that  the  error  of  mean  radius  will  be  doubled. 

Any  uncertainty  in  the  actual  position  of  the  mean  planes 
relatively  to  the  rings  on  which  the  wire  is  wound  may  be 
eliminated,  as  Glazebrook  has  shown,  by  reversing  the  rings 
relatively  to  the  distance-pieces. 

This  method  is  subject  to  whatever  uncertainty  attaches  to 
the  use  of  a  ballistic  galvanometer*.  In  its  favour  it  may  be 
said  that  the  apparatus  and  adjustments  are  simple,  and  that 
no  measurements  of  distances  between  mirrors  and  scales  is 
necessary  for  the  principal  elements.  It  should  be  noticed 
also  that  the  error  due  to  faulty  determination  of  the  distance 
of  mean  planes  can  be  eliminated  in  great  measure  by  varying 
this  quantity,  which  can  be  done  over  a  considerable  range 
without  much  difficulty  or  expense. 

With  reference  to  the  capabilities  of  the  method  forgiving 
results  of  the  highest  accuracy  when  carried  out  in  the  most 
ambitious  manner,  it  is  important  to  consider  the  effect  of  in- 
creasing the  size  of  the  coils.  The  coils  used  by  Glazebrook 
have  a  mean  radius  of  about  26  centim.;  the  axial  and  radial 
breadths  of  the  section  are  each  about  2  centim.  If  we  sup- 
pose the  mean  radius  and  the  sides  of  the  section  to  be  doubled, 
the  number  of  turns  (about  800)  remaining  unaltered,  the 
sensitiveness  would  be  increased  both  by  the  doubling  of  M 
and  by  the  diminished  resistances  of  the  coils,  while  at  the 

*  See  Phil.  Trans.  1882,  p.  669. 
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same  time  the  subjects  of  the  linear  measurements  would  be 
of  more  favourable  magnitudes.  To  enhance  the  latter  advan- 
tage, it  would  probably  be  an  improvement  to  diminish  the 
radial  breadth  of  the  section,  on  which  much  of  the  uncertainty 
of  mean  radius  depends.  In  either  case  it  is  clear  that  the 
limit  of  accuracy  obtainable  by  this  method  has  not  yet  been 
reached. 

11.  Weber's  Method  hy  Transient  Currents,  Maxwell  §  760. 

"A  coil  of  considerable  size  is  mounted  on  an  axle  so  as  to 
be  capable  of  revolving  about  a  vertical  diameter.  The  wire 
of  this  coil  is  connected  with  that  of  a  tangent-galvanometer 
so  as  to  form  a  single  circuit.  Let  the  resistance  of  this 
circuit  be  R.  Let  the  large  coil  be  placed  w^ith  its  positive 
face  perpendicular  to  the  magnetic  meridian,  and  let  it  be 
quickly  turned  round  half  a  revolution.  There  will  be  an 
induced  current  due  to  the  earth's  magnetic  force;  and  the 
total  quantity  of  electricity  in  this  current  in  electro-magnetic 
measure  will  be 

where  cfi  is  the  magnetic  moment  of  the  coil  for  unit  current, 
which  in  the  case  of  a  large  coil  may  be  detei'mined  directly 
by  measuring  the  dimensions  of  tlie  coil  and  calculating  the 
sum  of  the  areas  of  its  windings;  His  the  horizontal  compo- 
nent of  terrestrial  magnetism ;  and  R  is  the  resistance  of  the 
circuit  formed  by  the  coil  and  galvanometer  together.  This 
current  sets  the  magnet  of  the  galvanometer  in  motion." 

"  If  the  magnet  is  originally  at  rest,  and  if  the  motion  of 
the  coil  occupies  but  a  small  fraction  of  the  time  of  a  vibra- 
tion of  the  magnet,  then,  if  we  neglect  the  resistance  to  the 
motion  of  the  magnet,  we  have,  by  §  748, 


Q=^-2sini^, 


where  G  is  the  constant  of  the  galvanometer,  T  is  the  time  of 
vibration  of  the  magnet,  and  6  is  the  observed  elongation. 
From  these  equations  we  obtain 

The  value  of  H  does  not  appear  in  this  result,  provided  it  is 
the  same  at  the  position  of  the  coil  and  at  that  of  the  galva- 
nometer. This  should  not  be  assumed  to  be  the  case,  but 
should  be  tested   by  comparing  the   time  of  vibration  of  the 
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same  magnet,  first  at  one  of  these  places,  and  then  at  the 
other/' 

If  a  be  the  mean  radius  of  the  coil  of  the  inductor  and  A 
that  of  the  galvanometer,  we  may  write,  neglecting  the  cor- 
rections for  the  finite  sizes  of  the  sections, 


so  that 


2      ri       27r 


^  A 


This  is  the  linear  quantity  of  the  method.  With  respect  to 
the  chances  of  error  in  determining  it,  we  see  that  the  error 
of  the  mean  radius  of  the  inductor  enters  doubly,  and  that  of 
the  mean  radius  of  the  galvanometer  enters  singly.  Probably 
in  this  respect  there  is  not  much  to  choose  between  this  method 
and  the  use  in  method  I.  of  the  same  coils  placed  at  a  mode- 
rate distance  apart. 

A  colossal  apparatus  for  the  use  of  the  present  method  has 
been  constructed  and  tested  by  MM.  W.Weber  and  F.  Zollner*, 
the  coils  of  which  are  as  much  as  1  metre  in  diameter.     The 
principal  difficulty  arises  in  connexion  with  the  galvanometer- 
magnet.    Two  magnets  were  used  whose  lengths  were  respec- 
tively 200  millim.  and  100  millim.;  and  the  results  obtained 
in  the  two  cases  differed  by  as  much  as  2  per  cent.     The  dis- 
crepancy is  doubtless  due  to  the  influence  of  the  finite  length 
of  the  magnets  causing  the  magnetic  poles  to  be  sensibly  dis- 
tant from  the  centre  of  the  coil,  for  Avhich  point  the  effects  are 
calculated  ;  and  the   disturbance  will  be  proportional  to  the 
square  of  the  distance  between  the  poles,  or  more  properly  to 
the  "  radius  of  gyration  "  of  the  ideal  magnetic  matter  about 
the  axis  of  rotation.     But  to  assume  that  the  disturbance  from 
this  source  was  exactly  four  times  as  great  in  the  one  case  as 
in  the  other,  and  thence  to  deduce  the  result  corresponding  to 
an  infinitely  short  magnet,  appears  to  me  to  be  a  procedure 
scarcely  consistent  with  the  degree  of  accuracy  aimed  at.     If 
this  method  is  to  give  results  capable  of  competing  with  those 
obtainable  in  other  ways,  it  will  be  necessary  to  use  a  much 
shorter  magnet;  or,  if  that  is  not  practicable,  to  devise  some 
method  by  which  the  distance  of  the  poles  can  be  determined 
and  a  suitable  correction  calculated. 

In  carrying  out  the  observations  in  the  usual  manner,  it  is 
necessary  to  measure   the  distance  between  a  mirror  and  a 
scale.     By  using  a  double  mirror  with  two  scales  and  tele- 
scopes, MM.  Weber  and  Zollner  avoid  the  princi})al  cause  of 
*  Ber.  d.  Kon.  Sachs.  Ges,  zu  Leipztff,  1880,  ii.  p.  77. 
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difficulty,  i.  e.  the  unsteadiness  of  the  suspended  mirror,  all 
that  is  then  necessarj^  to  know  with  accuracy  being  the  dis- 
tance between  the  two  scales. 

In  using  this  and  the  three  following  methods  great  pains 
must  be  taken  with  the  levelling  of  the  earth  inductor,  since 
the  deviation  of  the  axis  of  rotation  from  the  vertical  (at  least 
in  the  plane  of  the  meridian)  gives  rise  to  an  error  of  the  first 
order  with  (in  these  latitudes)  a  high  coefficient.  In  this 
respect  it  would  be  a  decided  advantage  to  carry  out  the 
experiments  in  a  locality  nearer  to  the  magnetic  equator  (see 
"Account  of  Experiments  to  determine  the  value  of  the  B.A. 
Unit  in  Absolute  Measure,"  Phil.  Trans,  for  1882,  p.  684).  It 
is  to  be  hoped  that  the  measurements  commenced  by  Weber 
and  Zollner  will  be  carried  to  a  successful  issue,  as  it  is  only 
by  the  coincidence  of  results  obtained  by  various  methods  that 
the  question  can  be  satisfactorily  settled.  At  present  no  value 
in  absolute  measure  of  the  B.A.  unit  or  of  the  Siemens  unit 
has  been  published  as  the  result  of  their  work. 

III.  Method  of  Revolving  Coil. 

This  method,  first,  it  would  appear,  suggested  by  Weber, 
was  carried  into  execution  by  the  celebrated  Electrical  Com- 
mittee of  the  British  Association*,  and  more  recently  by 
myself  with  the  assistance  of  Dr.  Schuster  and  others  f*  The 
greater  part  of  what  I  have  to  say  upon  this  subject  has  been 
put  forward  already  in  the  papers  referred  to,  from  which 
alone  the  reader  can  form  a  complete  opinion  on  the  merits 
or  demerits  of  the  method  as  hitherto  practised.  On  the  pre- 
sent occasion  I  must  take  many  of  the  conclusions  there  arrived 
at  for  granted,  or  at  most  give  a  mere  indication  of  the  nature 
of  the  arguments  by  which  they  may  be  supported. 

Method  III.  differs  from  II.  mainly  in  the  fact  that  in  III. 
the  earth-inductor  is,  so  to  speak,  its  own  galvanometer,  the 
needle  whose  deflections  measure  the  currents  being  suspended 
at  the  centre  of  the  revolving  coil  itself  instead  of  at  the  centre 
of  another  galvanometer-coil  forming  part  of  the  same  circuit. 
If,  as  in  II.,  the  inductor-coil  were  simply  twisted  through 
180°  when  the  needle  passes  its  position  of  equilibrium,  the 
disadvantages  of  the  simplification  would  probably  prepon- 
derate over  the  advantages.  The  diminution  of  effect  due  to 
the  oblique  position  of  the  coil  relatively  to  the  needle  (except 
at  the  moment  of  passing  the  magnetic  meridian)  would  indeed 
be  compensated  by  the  diminished  resistance  of  the  complete 
circuit,  and,  as  will  presently  appear,  considerable  advantage 

*  Brit.  Assoc.  Eeports,  1862-1867.     Reprint,  Spon,  1873. 
t  Proc.  Roy.  Soc.  May  1881,  Feb.  1882  ;  Phil.  Trans.  1882. 
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would  arise  in  respect  of  errors  in  the  measurement  of  the  coil ; 
but  an  almost  fatal  uncertainty  would  be  introduced  from  the 
influence  of  self-induction. 

The  important  advantage  of  III.,  obtained,  as  I  believe, 
without  any  really  important  sacrifice,  arises  only  when  the 
inductor  is  set  into  uniform  rotation.  In  II.,  if  the  connexions 
were  maintained  without  a  connnutator,  the  current  in  the 
galvanometer-coil  would  be  alternating,  and  therefore  unsuit- 
able for  measurement  with  a  magnetic  needle ;  but  in  III., 
although  the  current  in  the  coil  itself  alternates,  the  reversal 
of  the  coil  relatively  to  the  needle  causes  all  the  impulses  to 
operate  finally  in  the  same  direction.  When,  therefore,  the 
coil  is  caused  to  revolve  in  a  periodic  time  small  relatively  to 
that  of  the  free  vibration  of  the  needle,  a  steady  deflection  is 
obtained  which  varies  inversely  with  the  absolute  resistance 
of  the  coil. 

If  we  omit  for  the  moment  all  secondary  considerations, 
although  some  of  them  may  not  be  without  importance,  the 
formula  by  which  the  resistance  (B.)  of  the  revolving  circuit 
is  given  in  terms  of  the  mean  radius  {ci),  the  number  of  turns 
{n),  the  angular  velocity  of  rotation  (o)),  and  the  angle  of 
deflection  (^),  runs 

R =7r^ /i"o&)  cot  <^; 

from  which  it  appears  that,  in  respect  of  errors  arising  from 
the  measurements  of  the  coil,  this  method  is  much  superior  to 
those  hitherto  discussed.  There  is  only  one  linear  quantity 
concerned;  and  the  error  connnitted  in  its  determination  enters 
but  singly  into  the  final  result.  Indeed  we  may  say  that  in 
this  respect  no  improvement  is  possible,  unless  it  be  in  the 
direction  of  substitutino-  for  the  mean  radius  of  a  coil  of 
several  layers  some  other  kind  of  linear  quantity  more  easy  to 
deal  with. 

In  requiring  the  absolute  measurement  of  angle,  II.  and 
III.  stand  precisely  upon  a  level. 

The  time  of  vibration  in  the  experiments  of  MM.  Weber 
and  Zollner  was  17  seconds  or  30  seconds — none  too  long 
relatively  to  the  time  (2  seconds)  occupied  in  turning  the 
inductor.  If  we  suppose  the  coil  to  be  uniformly  rotated  at 
the  rate  of,  say,  2  revolutions  per  second,  thei'e  would  be  Q)S 
or  120  impulses  upon  the  needle  in  the  time  of  1  vibration. 
It  would  no  doubt  be  a  great  exaggeration  to  represent  the 
increase  of  sensitiveness  as  being  in  any  thing  like  this  pro- 
portion, since  by  the  method  of  recoil  it  is  possible  to  make 
several  observations  of  impulses  during  the  time  required  for 
one  observation  of  steady  deflection.     Nevertheless  it  cannot 
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be  doubted  that  tbe  advantage  of  III.  iu  respect  of  sensitive- 
ness is  very  considerable. 

Experience  bas  sbown  that  there  is  no  difficulty  in  controlling 
and  measuring  the  rotation  of  the  coil ;  but  of  course  some 
auxiliary  apparatus  is  required  for  the  purpose.  Against  this 
may  be  set  the  escape  from  observations  of  the  time  of  vibra- 
tion, and  from  any  uncertainty  which  may  attach  to  the  bal- 
listic use  of  a  galvanometei'-needle.  The  suspended  magnet 
may  easily  be  made  of  such  dimensions  that  no  appreciable 
error  can  arise  from  supposing  it  to  be  infinitely  small. 

On  the  other  hand,  some  new  complications  enter  in  method 
III.  which  I  desire  to  state  iu  full.  In  the  first  place  we  have 
to  take  account  of  the  fact  that  the  inductor  moves  in  a  field 
of  force  due  not  only  to  the  earth,  but  also  to  the  suspended 
maonet  itself.  I  do  not  think  that  the  correction  thus  ren- 
dered  necessary  (about  4  parts  per  thousand  in  my  experi- 
ments) adds  in  any  appreciable  degree  to  the  uncertainty  of 
the  final  result :  but  we  mav  take  note  of  the  fact  that  an 
auxiliary  determination  must  be  made  of  the  ratio  of  the  mag- 
netic moment  of  the  suspended  magnet  to  the  earth's  hori- 
zontal force. 

If  the  metal  ring  on  which  the  wire  is  wound  be  on  a  large 
scale  and  sufficiently  massive  for  strength,  currents  may  be 
developed  in  it,  even  although  it  is  divided  into  two  parts  by 
ebonite  insulation.  In  my  experiments  the  effect  of  these 
currents  was  very  sensible,  and  had  to  be  allowed  for  by  careful 
observations  of  the  deflection  produced  when  the  ring  was 
rotated  with  wire  circuit  open.  In  any  future  repetition  it 
will  be  worthy  of  consideration  whether  the  ring  should  not 
be  formed  of  less  conducting  material.  It  does  not  appear, 
however,  that  the  final  result  can  be  prejudicially  influenced ; 
and  the  effect  produced  by  secondary  closed  circuits  allows  us 
to  verify  the  insulation  of  contiguous  layers  or  turns  of  the 
wire  by  comparing  the  deflections  obtained  before  the  wire  is 
wound  with  those  obtained  after  winding,  but  with  main  cir- 
cuit open,  any  difference  being  due  to  leakage. 

But  the  most  serious  complication  in  method  III.,  and  one 
which  in  the  eyes  of  some  good  judges  weighs  strongly  against 
it,  is  the  disturbing  influence  of  self-induction.  With  respect 
to  this,  the  first  point  to  be  noticed  is  that  the  action  is  per- 
fectly regular,  and  that  the  only  question  which  arises  is 
whether  its  magnitude  can  be  determined  with  such  accuracy 
that  the  final  result  does  not  suffer.  Xow  the  operation  of 
self-induction  is  readily  submitted  to  calculation  if  a  certain 
coefficient  (L)  be  known.     We  find 

R  =  -rrnhm  cot  ^  { 1  -  U  tan"  0  -  U^  tan*  (f>  ] , 
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where  U  is  a  numerical  quantity  dependent  upon  L,  so  that 
the  influence  of  self-induction  is  approximately  proportional 
to  the  square  of  the  speed  of  rotation.  The  same  law  applies 
also  to  any  disturbances  depending  upon  mutual  induction 
between  the  wire  circuit  and  subordinate  circuits  in  the  ring. 
It  will  be  seen  that,  if  the  law  of  squares  may  be  depended 
upon,  the  influence  of  self-induction  (and  mutual  induction) 
can  be  satisfactorily  eliminated  by  combining  observations 
taken  at  different  speeds.  In  my  experiments  four  speeds 
were  used,  of  which  the  greatest  and  the  least  were  in  the  ratio 
of  2  :  1.  The  effect  of  self-induction  was  therefore  four  times 
as  great  at  the  high  speed  as  at  the  low  speed.  In  other  words, 
the  quantity  (about  1  per  cent.)  by  which  the  low-speed  result 
is  to  be  corrected  in  order  to  eliminate  the  influence  of  self- 
induction  is  only  one  third  of  the  discrepancy  between  the 
uncorrected  results  of  the  extreme  speeds.  If,  therefore,  the 
observations  are  good  for  any  thing  at  all,  they  are  good 
enough  to  determine  this  correction  with  all  desirable  preci- 
sion. If  a  check  be  considered  necessary,  it  is  supplied  by 
the  results  of  the  intermediate  speeds. 

The  above  reasoning  proceeds  upon  the  supposition  that  we 
have  no  independent  knowledge  of  the  magnitude  of  the  coeffi- 
cient U.  In  point  of  fact,  this  coefficient  can  be  calculated 
with  considerable  accuracy  from  the  data  of  construction,  so 
that  the  empirical  correction  is  applied  only  to  a  small  outstand- 
ing residue. 

In  considering  the  disadvantageous  influence  of  self-induc- 
tion as  an  argument  in  favour  of  II.  as  against  III.,  we  must 
remember  that  the  magnitude  of  the  influence  can  be  greatly 
attenuated  by  simply  diminishing  the  speed  of  rotation.  At 
half  the  lowest  speed  above  spoken  of,  for  which  the  correction 
for  self-induction  would  be  reduced  to  \  per  cent.,  the  deflec- 
tion (over  100  millim.  at  a  distance  of  2670  miUini.)  would 
probably  correspond  to  a  much  greater  sensitiveness  than  it  is 
possible  to  obtain  under  II.  If  we  prefer  the  higher  speed, 
it  is  because  we  estimate  the  advantage  of  doubled  sensitive- 
ness as  outweighing  the  disadvantage  of  a  fourfold  correction 
for  self-induction. 

The  fourth  objection  which  may  be  taken  to  this  method, 
and  it  is  one  from  which  II.  is  free,  lies  in  the  necessary  crea- 
tion of  mechanical  disturbance  in  the  neighbourhood  of  the 
suspended  magnet. 

How  far  these  complications  may  be  supposed  to  prejudice 
the  result  of  carefully  conducted  experiments  must  be  left  to 
the  estimation  of  the  reader  of  my  paper,  in  which  very  full 
data  for  a  judgment  are  given.     My  own  opinion  is,  that  while 
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in  the  aggregate  they  must  be  allowed  to  have  some  weight, 
they  are  far  from  preponderating  over  the  advantages  which 
the  method  possesses  in  comparison  with  II. 

If  we  take  the  view  that  the  method  itself  is  trustworthy, 
the  principal  error  will  arise  in  connexion  with  the  mean 
radius  of  the  coil ;  and  it  becomes  an  interesting  question  to 
consider  whether  advantage  may  be  expected  from  a  further 
increase  in  the  dimensions  of  the  apparatus.  For  this  purpose 
we  may  regard  tan  <p  as  given.  The  total  resistance  R  will  be 
proportional  to  n^a/S,  where  S  denotes  the  aggi-egate  section 
of  the  copper,  from  which  it  follows  that  wS  may  be  regarded 
as  given,  while  a  is  left  undetermined  by  the  consideration  of 
sen^tiveness.  Thus,  if  we  retain  w  and  S  unaltered  in  a  mag- 
nified apparatus,  we  shall  have  the  same  sensitiveness  as  before, 
while  the  increased  diameter  of  the  coil  and  the  relatively  de- 
creased dimensions  of  the  section  will  conduce  to  a  more  accu- 
rate determination  of  the  mean  radius. 

The  angular  deflection  being  given,  the  correction  for  self- 
induction  is  nearly  constant  whatever  may  be  the  proportions 
of  the  coil. 

If  we  are  of  opinion  that  there  is  danger  in  the  operation  of 
self-induction,  the  case  becomes  strong  for  the  introduction  of 
a  second  coil  in  a  plane  perpendicular  to  that  of  the  first  *.  By 
this  means  the  relative  correction  for  self-induction  would  be 
reduced  to  one  quarter,  while  the  deflection  remained  unaltered. 
It  scarcely  needs  to  be  remarked  that  this  use  of  a  second  coil 
would  not,  as  in  II.,  increase  the  uncertainty  depending  upon 
the  linear  measurements,  the  two  mean  radii  entering  into  the 
result  as  parts,  and  not  as  factors. 

This  combination  would  lend  itself  especially  well  to  low 
speeds  of  rotation;  for  the  deflecting  force,  being  uniform  in 
respect  to  time,  Avould  not  give  rise  to  forced  vibrations  of  the 
needle.  The  latter  would  have  nothing  further  to  do  than  to 
indicate  the  direction  of  a  constant  field  of  force. 

IV. 

This  method,  which  was  proposed  by  Foster  f,  and  more  re- 
cently by  Lippmann,  and  to  a  certain  extent  executed  by  the 
former,  is  a  modification  of  III.,  in  which  the  electromotive 
force  generated  during  the  rotation  of  the  inductor  is  balanced 
by  an  external  electromotive  force,  and  thus  not  allowed  to 
produce  a  current.  The  external  electromotive  force  is  due  to 
the  passage  of  a  battery-current  through  certain  resistance- 
coils;  and  the  current  is  compared  with  the  earth's  horizontal 

*  Proc.  Roy.  Soc.  May  1881,  p.  123. 
t  Brit.  Assoc.  Report,  1881. 
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intensity  (H)  by  an  absolute  tangent-galvanometer.  The  dif- 
ference of  potential  at  the  two  points  of  derivation  is  thus  known 
in  terms  of  the  included  absolute  resistance  (R)  and  H.  Tiie 
circuit  is  continued  through  a  sensitive  galvanometer  and  the 
coil  of  the  inductor,  and  is  closed  only  when  the  latter  coil  is 
nearly  in  the  plane  of  the  meridian.  When  balance  is  obtained, 
the  electromotive  force  of  induction  n  .  ira^ .  H  .  to  is  equal  to 
EH  tan  a/G,  where  G  is  the  constant  of  the  tangent-galvano- 
meter and  a  the  anole  of  deflection.  The  result,  from  which 
H  disappears,  if  it  may  be  assumed  to  be  the  same  in  the  two 
places,  is  thus 

J{z=n7ra^Gr .  o)  cot  a, 

or,  if  A  be  the  mean  radius  of  the  galvanometer-coil, 

R  =  2n7r^6)  cot  a  — , 

A 
from  which  the  value  of  the  resistance-coils  is  obtained  in  abso- 
lute measure.  One  advantage  of  this  method,  which  it  shares 
with  VI.  below,  is  that  the  resistance  immediately  expressed 
may  be  that  of  well-constructed  coils  of  German  silver  or  of 
platinum-silver  at  a  known  temperature. 

This  method  is  nearly  free  from  the  secondary  objections  to 
III.  discussed  above.  The  self-induction  of  the  revolving  wire- 
circuit  does  not  enter,  as  no  appreciable  current  is  allowed  to 
form  itself;  but  there  would  appear  to  be  a  possibility  of  dis- 
turbance from  mutual  induction  between  the  wire-circuit  and 
secondary  circuits  in  the  ring.  It  would  certainly  be  neces- 
sary to  prevent  the  flow  of  currents  round  the  ring  by  the 
insertion  of  an  insulating  layer;  and  even  Mith  this  precaution 
some  control  in  the  way  of  a  variation  of  speed  would  almost 
be  necessary.  Again,  it  is  a  question  whether  disturbance, 
from  thermo-electricity  for  instance,  may  notarise  at  the  place 
where  the  contacts  are  made  and  broken. 

It  is  to  be  hoped  that  a  complete  series  of  observations  may 
be  made  by  this  method,  which  certainly  possesses  considerable 
merits;  but  at  best  it  remains  open  to  the  objection  mentioned 
under  II.,  with  which  in  this  respect  it  stands  upon  a  level,  ?'.  e. 
that  errors  may  enter  from  the  measurements  of  both  coils,  the 
error  of  A  entering  singly  into  the  result,  and  that  of  a  enter- 
ing doubly. 

In  respect  of  requiring  absolute  measurements  of  angle, 
there  is  nothing  to  choose  between  II.,  III.,  IV.,  and  V. 

V.  Weber's  Method  by  Damping. 
This  is  the  method  followed  by  Kohlrausch  *  in  his  investi- 
•  Pogg.  Ann.  Erganzungsband  vi. ;  Phil.  Mag.  1874,  April  aud  May. 
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gations  upon  this  subject.  It  is  foundeil  upon  II.;  ])ut  in  order 
to  avoid  the  difficulty  arising  from  the  necessity  of  using  a 
magnet  small  relatively  to  the  coil  in  which  it  is  suspended,  no 
attempt  is  made  to  determine  the  constant  from  the  data  of 
construction.  The  inductor  is  connected  with  a  sensitive  gal- 
vanometer, and  the  constant  of  the  latter  is  deduced  from 
observations  of  the  logarithmic  decrement  of  the  vibrations  of 
the  magnet  when  ths  circuit  is  closed  (X.),  and  when  it  is  open 
(Xq).  The  result,  however,  involves  H  the  horizontal  inten- 
sity, K  the  moment  of  inertia  of  the  needle,  as  well  as  the  time 
of  vibration  T.  Expressed  roughly,  in  the  notation  previously 
employed,  it  is 

^^  32a*H2T\  AB 


25 


K  (A^  +  B'-') 

where  R  is  the  resistance  of  the  circuit  composed  of  the  in- 
ductor and  galvanometer,  A  and  B  are  the  arcs  of  vibration 
in  the  method  of  recoil. 

Intei'esting  as  this  method  is  in  some  respects,  I  cannot  but 
agree  with  Rowland  in  thinking  that  the  final  formula  is 
enough  to  show  that  it  cannot  compete  with  others  on  equal 
terms,  if  the  object  be  to  obtjiin  a  result  of  high  accuracy. 
The  horizontal  intensity  itself  is  perhaps  nearly  as  difficult  to 
determine  as  absolute  resistance;  and  the  error  thence  arising 
doubles  itself  in  the  result.  There  is  in  addition  the  error 
of  K.  But  even  if  H  and  K  were  not  subject  to  error  at  all, 
I  believe  that  the  occurrence  of  the  fourth  power  of  the  radius 
of  the  inductor  is  a  fatal  defect,  and  tends  to  explain  the  dis- 
crepant result  obtained  by  Kohlrausch*.  It  is  also  worthy  of 
note  that  the  error  of  levelling  enters  twice  as  much  as  in  II,, 
III.,  and  IV. 

VI.  Lorentz's  Method. 

This  method,  which,  with  the  introduction  of  certain  modi- 
fications not  affecting  its  essential  character,  I  am  disposed  to 
consider  the  best  of  all,  w'as  proposed  and  executed  by  Lorentz, 
of  Copenhagen,  in  1873  f-  A  circular  disk  of  metal,  main- 
tained in  rotation  about  an  axis  passing  through  its  centre  at 
a  uniform  and  known  rate,  is  placed  in  the  magnetic  field  due 

*  Oct.  1882. — It  is  very  satisfactory  to  note  that  Kolilrauscli  (Gott.  Ges. 
Sept.  1882)  has  recently  detected  an  error  in  the  value  of  the  area  of  the 
windings  of  the  inductor  assumed  in  his  previous  calculations.  Introdu- 
cing the  new  Value,  obtained  by  an  electrical  process  analogous  to  that 
described  in  Maxwells  ' Electricity,'  §  754,  he  tiuds 

1  B.A.  unit  =  -990  XIO^ 

t  Pogg.  Ann.  cxlix.  p.  251. 
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to  a  battery-current  which  circulates  through  a  coaxal  coil  of 
many  turns.  The  revolving  disk  is  touched  near  its  centre 
and  circumference  by  two  wires.  If  the  circuit  were  simply 
closed  through  a  galvanometer,  the  instrument  would  indicate 
the  current  due  to  the  electromotive  force  of  induction  acting 
against  the  resistance  of  the  circuit.  The  electromotive  force 
corresponding  to  each  revolution  is  the  same  as  would  be 
generated  in  a  single  turn  of  wire  coincident  with  the  circum- 
ference of  the  disk  by  the  formation  or  cessation  of  the  battery- 
current.  If  this  be  called  7,  and  M  be  the  coefficient  of  induc- 
tion between  the  coil  and  the  circumeference,  m  the  number 
of  revolutions  per  second,  the  electromotive  force  is  mM.^. 
For  the  present  purpose,  however,  the  circuit  is  not  simply 
closed,  but  its  terminals  are  connected  with  the  extremities  of 
a  resistance  R  through  which  the  battery-current  flows,  and 
the  variable  quantities  are  so  adjusted  that  the  electromotive 
force  E,7  exactly  balances  that  of  induction.  When  the  gal- 
vanometer indicates  no  current,  the  following  relation,  inde- 
pendent, it  will  be  observed,  of  the  magnitude  of  the  battery- 
current,  must  be  satisfied, 

R=?/iM; 
and  from  this,  M  being  known  from  the  data  of  construction, 
the  absolute  resistance  R  of  the  conductor  is  determined. 

It  will  be  seen  that  this  method  has  pretty  close  affinity  to  I. 
The  secondary  circuit  is  here,  in  a  sense,  reduced  to  a  single 
turn,  or  rather  to  as  many  turns  as  the  disk  makes  revolutions 
in  a  time  comparable  with  the  time  of  swing  of  the  ballistic 
galvanometer ;  but  the  disadvantage  of  a  reduced  number  of 
turns  is  probably  more  than  compensated  for  by  the  continuous 
character  of  the  induced  current,  which  alloAvs  of  its  being 
brought  into  direct  opposition  to  that  of  the  battery.  During 
the  months  from  April  to  August  of  the  present  year  I  have 
been  occupied  in  carrying  out  a  determination  by  this  method. 
Space  will  not  permit  of  a  detailed  consideration  of  the  various 
questions  which  presented  themselves;  and  I  must  content 
myself  with  a  brief  statement  of  the  procedure,  and  with  such 
a  discussion  of  the  sources  of  error  as  will  allow  a  comparison 
of  this  method  with  others.  I  hope  shortly  to  communicate  a 
detailed  paper  upon  the  subject  to  the  Royal  Society. 

One  of  the  principal  difficulties  to  be  overcome  arises  from 
the  exceeding  smallness  of  the  resistance  R,  less  than  ^oo  B-A. 
in  my  experiments.  Lorentz  employed  an  actual  colunm  of 
mercury  of  known  dimensions,  so  that  the  result  is  given  at 
once  in  terms  of  mercury.  I  had  intended  to  follow  the  same 
course,  but,  after  some  trials,  came  to  the  conclusion  that 
there  would  be  difficulties  iu  the  way  of  thus  obtaining  the 
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degree  of  accuracy  aimed  at,  and  ultimately  adopted  a  method 
of  shunting.  The  main  current  from  the  battery  was  divided 
into  two  parts,  the  larger  of  which  passed  through  a  resistance 
of  half  a  unit,  formed  by  combining  two  singles  in  nmltiple 
arcs.  The  resistance  traversed  by  the  other  part  of  the  main 
current  was  much  larger  (from  10  to  20);  and  it  was  to  two 
points  on  this  branch  distant  y^^  that  the  wires  of  the  derived 
circuit  w^ere  connected.  With  proper  precautions  this  arrange- 
ment was  found  satisfactory,  and  the  equivalent  resistance  B, 
could  be  accurately  expressed  in  terms  of  the  standard  B.A. 
units.  The  adjustment  for  obtaining  the  balance  was  efiected 
by  varying  a  large  resistance  placed  in  multiple  arc  with  one 
of  the  others  ;  or  rather  two  effective  resistances  were  used, 
one  on  either  side  of  that  required  for  balance,  the  latter  being 
finally  calculated  by  interpolation  from  the  indications  of  the 
galvanometer. 

By  observing  only  the  effect  of  reversing  the  battery-cur- 
rent the  results  are  freed  from  the  influence  of  terrestrial 
magnetism,  and  from  the  very  sensible  thermoelectric  force 
having  its  seat  at  the  sliding  contact.  These  contacts  were 
made  by  means  of  brushes  of  copper  wire.  One  brush  pressed 
against  the  cylindrical  edge  of  the  disk,  which  was  about 
^  inch  broad;  and  the  other  pressed  against  the  shaft  on  which 
the  whole  turned.  The  area  included  by  the  secondary  circuit 
was  therefore  not  exactly  that  of  the  disk,  but  required  a  small 
correction,  as  to  which,  however,  there  is  no  difficulty. 

The  arranoements  for  driving  the  disk  and  for  observiuo- 
the  speed  were  the  same  as  for  the  revolving"  coil  of  method  111. 
The  results,  which  in  the  same  arrangement  have  not  differed 
by  so  much  as  ^  o^oo  ^^  different  days,  show  that  the  sensitive- 
ness was  suthcient. 

After  these  explanations  I  come  to  the  main  subject  of  the 
present  remarks,  viz.  the  degree  of  accuracy  likely  to  be 
attained  in  the  fundamental  linear  measurement.  In  the  pre- 
sent case  the  quantity  to  be  determined  is  M;  and  so  far  there  is 
no  difference  between  this  method  and  I.  But  the  fact  that 
the  secondary  circuit  is  here  represented  by  a  disk  whose  dia- 
meter can  be  measured  much  more  accurately  than  that  of  a 
coil  introduces  a  certain  modification.  It  is  necessary  also  that 
the  arrangements  be  symmetrical  with  respect  to  the  middle 
plane  of  the  disk,  as,  on  account  of  the  width  of  the  brush,  the 
place  of  contact  cannot  be  considered  as  well  defined.  The 
necessary  condition  can  be  satisfied  with  a  single  coil  by  placing 
it  so  that  its  mean  plane  coincides  with  that  of  the  disk.  In 
this  position  slight  errors  of  adjustment  produce  effects  of  the 
second  order  only,  and  every  thing  depends  upon  the  radii. 
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Preparatory  to  the  design  of  the  apparatus  for  my  experi- 
ments, I  made  some  calculations  of  the  values  of  the  induction- 
coefficient  and  of  its  rates  of  variation  for  various  ratios  of  the 
radius  of  the  coil  (A)  to  that  of  the  disk  (a).  The  ano-le  7 
(see  method  L)  is  here  (^  =  0)  determined  by  tan''*  ^7= a/ A. 
If  we  Avrite 

SM     ,  SA        8a 

the  sum  of  X,  and  v  will  be  unity.  The  following  are  the 
values  found.  Those  under  M  are  proportional  only,  and 
relate  to  the  case  in  which  A  is  constant. 


a/A. 

X. 

V. 

M. 

•5 

-1-2 

+  2-2 

4-37 

•6 

-1-3G 

+  2-36 

6-65 

•7 

-1-5 

+  2-5 

9-80 

•8 

-2-0 

+  3-0 

14-4 

In  Lorentz's  apparatus  the  value  of  a/A  was  even  larger  than 
the  last  in  the  table,  and  the  radial  dimension  of  the  coil  was 
no  small  fraction  of  (A  —  a).  On  this  account,  as  has  already 
been  pointed  out  by  Rowland,  no  very  accurate  result  could 
be  expected. 

In  my  experiments  two  similar  coils  were  used  whose  radius 
(A)  =  about  26  centim.,  and  in  two  distinct  arrangements. 
In  the  first  arrangement  the  two  cells  were  placed  close 
together;  so  that  the  case  corresponded  pretty  closely  with  that 
just  spoken  of.  The  radius  of  the  disk  is  about  16  centim.; 
and  thus  the  proportions  are  nearly  those  of  the  second  ex- 
ample in  the  table.  It  Avill  be  seen  that  the  circumstances  are 
not  unfavourable  to  accuracy,  the  error  of  mean  radius  of  the 
coil  entering  into  the  result  to  a  less  extent  than  in  any  of  the 
methods  hitherto  described,  except  III.  and  IV.  The  disk  is 
so  much  more  easily  measured,  that  the  larger  coefhciei^t  2"36, 
applicable  to  it,  should  not  lead  to  much  error  in  the  result. 

This  arrangement  was  worked  at  two  speeds  of  rotation  in 
the  proportion  of  10  :  16,  and  gave  with  close  accordance 

1  B.A.  unit  =-9867  x  10^  C.G.S. 

In  the  other  arrangement  the  two  coils  were  separated  to  a 
considerable  distance,  and  the  induction-coefficient  depended 
not  only  upon  the  mean  radii  of  the  coils  (and  of  the  disk), 
but  also  upon  the  distance  of  their  mean  planes.  The  pecu- 
liarity of  this  arrangement,  to  which  I  wish  to  draw  special 


Determination  of  Resistances  in  Absolute  Measures,     o-^b 

nttenfion,  is  that  it  is  possible  so  to  proportion  the  quantities 
that  the  error  of  mean  radius  of  the  coil  does  not  affect  the  result, 
which  accordingly  depends  onlj'  upon  the  diameter  of  the  disk 
and  the  distance  of  the  coil's  mean  planes.  How  this  may- 
come  about  will  be  readily  understood  bv  considerino-  the  de- 
pendence  of  M  upon  A  when  a  and  h  are  given.  It  is  clear 
that  M  vanishes,  both  when  A  is  very  small  and  when  it  is 
very  large  ;  from  which  it  follows  that  there  must  be  some 
value  of  A  for  which  the  effect  is  a  maximum  and  therefore 
independent  of  small  variations  of  A. 

In  carrying  out  this  idea  it  is  not  necessary  to  approach  the 
above-delined  state  of  things  very  closely ;  for  of  course  we 
have  in  reality  a  good  approximate  knowledge  of  the  value 
of  A.  In  my  apparatus  the  distance  of  mean  planes  was  about 
30  centim.,  so  that  0  =  about  15  centim.  With  the  actual 
proportions  a  calculation  of  the  effects  of  the  various  errors 
shows  that 

"Ijj    =    12-7 •llb-J-  +  l-b—    5 

M  A  6  a 

so  that  the  error  of  A  enters  in  quite  a  subordinate  degree. 
The  positive  coeflficient  of  SA  shows  that  with  the  given  coils 
and  disk  the  separation  was  somewhat  too  great  to  secure  the 
greatest  independence  of  8A. 

The  success  of  this  arrangement  depends  principally  upon 
the  degree  of  accuracy  with  which  (>  can  be  determineil.  The 
two  rings  on  which  the  wire  is  coiled  are  separated  by  distance- 
pieces;  and,  as  in  1.,  by  reversing  the  rings  relatively  to  the 
distance-pieces  the  result  may  be  made  to  depend  upon  the 
mean  length  of  these  pieces  and  the  mean  thicknesses  of  the 
rings  at  the  places  of  contact.  The  three  distance-pieces  were 
held  together  in  one  length  and  measured  under  microscopes; 
and  the  thicknesses  of  the  rings  were  taken  with  verified  cal- 
lipers. There  can  hardly  be  a  doubt  but  that  this  determina- 
tion is  much  more  accurate  than  that  of  the  mean  radius  of  a 
coil;  and,  what  is  also  of  some  importance,  it  admits  of  repe- 
tition at  pleasure  with  comparatively  little  trouble. 

The  value  of  the  B.A.  unit  resulting  from  the  measurement 
wdththis  arrangement  was  '9869  x  10"  C.(t.S.* 

There  seems  no  reason  why  a  further  increase  of  accuracy 
should  not  be  obtainable  by  enlarging  the  scale  of  the  appa- 
ratus. If  we  suppose  the  scale  doubled,  the  number  of  turns 
in  the  coil  and  the  angular  s[)eed  of  the  disk  being  unaltered, 
the  value  of  M  would  be  douljled;  and  thus  with  the  same 

*  The  reductions  not  being  yet  finally  completed,  these  numbers  are 
liable  to  a  change  of  one  or  two  units  in  the  fourth  place  of  decimals. 
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battery-current  the  sensitiveness  would  be  improved.  Or,  if 
we  suppose  the  circumferential  linear  speed  of  the  disk  rather 
than  its  angular  speed  to  be  constant,  the  sensitiveness  would 
be  unchano-ed.  If  the  larger  coil  were  made  of  the  same  kind 
ot  wire  as  the  smaller,  its  resistance  would  be  augmented;  but 
if  the  dimensions  of  the  section  were  also  doubled,  so  as  to 
keep  the  proportions  throughout,  the  advantage  in  this  respect 
would  lie  with  the  larger  apparatus. 

On  the  whole,  I  am  of  opinion  that  if  it  is  desirable  at  the 
present  time  to  construct  apparatus  on  the  most  favourable 
scale,  so  as  to  reach  the  highest  attainable  accuracy,  the  modi- 
fication of  Lorentz's  method  last  described  is  the  one  which 
offers  the  best  prospect  of  success.  Before  this  is  done,  how- 
ever, it  appears  to  me  important  that  the  value  now  three 
times  obtained  in  the  Cavendish  Laboratory  by  distinct  me- 
thods should  be  approximately  verified  (or  disproved)  by  other 
physicists.  To  distinguish  between  this  value  and  those  ob- 
tained, for  instance,  by  Kohlrausch,  by  Loreutz,  or  by  the 
first  B.A.  Committee,  should  not  require  the  construction  of 
unusually  costly  apparatus.  Until  the  larger  question  is  dis- 
posed of,  it  appears  premature  to  discuss  the  details  of  arrange- 
ments from  which  the  highest  degree  of  precision  is  to  be 
expected. 

XXXIX.  On  the  Correlation  of  the  Chemistry  of  the  Carbon 
Componnds  icith  the  Phenomena  of  Life.  By  C.  F.  Cross 
and  E.  J.  Bevan*. 

IT  is  not  for  us  to  dilate  upon  the  marvellous  progress  of 
Organic  Chemistry  during  this  century,  nor  to  find  fault 
with  the  inevitably  specializing  tendency  of  research  in  the 
province  of  the  carbon  compounds  ;  and  we  certainly  owe  an 
apology  for  entering  upon  a  subject  of  such  magnitude  as  the 
correlations  of  chemical  with  biological  science.  That  which 
we  offer  is  derived  not  so  much  from  the  consciousness  of  being 
able  to  originate  views  of  these  correlations  which  shall  be  more 
productive  than  certain  which  appear  to  prevail,  as  from  the 
practical  necessities  of  the  investigations  in  which  we  find 
ourselves  engaged,  the  paucity  of  the  landmarks  to  which 
we  have  to  look  for  guidance,  and  the  misleading  character 
of  certain  of  the  recognized  principles  and  methods  which  has 
become  manifest  in  the  results  of  their  application.  In  fine, 
there  are  numerous  points  in  that  portion  of  Biochemical 
Science  the  study  of  which  we  are  prosecuting  which  call 
for  critical  discussion;  and  the  existence  of  the  imperfections 
*  CoiuiiJimicattd  bv  the  Authors. 
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which  it  shall  be  our  aim  to  expose  we  can  only  account  for 
by  the  influence  of  the  specializing  tendency  preventing  che- 
mists generally  from  following  up  the  science  in  its  wider 
relations. 

It  is  certainly  the  ideal  issue  of  organic  chemistry  to  co-or- 
dinate the  multitudinous  facts  already  and  to  be  amassed  con- 
cerning the  carbon  compounds,  with  the  genesis,  changes,  and 
ultimate  fate  of  the  substances  which  go  to  build  up  the  tissues 
of  living  organisms.     Beyond  this,  indeed,  many  chemists  do 
not  hesitate  to  indulge   in    expectations  as   to   the    possible 
achievements  of  synthesis,  which  know  no  limits  short  of  the 
inconceivable.     The  special  "  vital  force  "  of  a  previous  age 
they  dismiss  as  an  ancient  cloke  of  ignorance  long  since  dis- 
carded, under  the  genial  influence  of  the  sun  of  knowledge, 
even  by  those  who  most  tenaciously  opposed  its  sheltering 
folds  to  the  stormy  blast  of  "  unbelief ; "  and  thus  by  removing 
the  great  barrier,  the  whole  universe  of  matter  and  force  is 
opened   out  to  the  "  conquering  progress  of  man."     In  the 
words  of  an  authoritative  modern  text-book,  "At  the  present 
day  the  belief  in  a  special  vital  force  has  ceased  to  encumber 
scientific  progress.    We  now  know  that  the  same  laws  of  com- 
bination regulate  the  formation  of  chemical  compounds  in 
animate  and  inanimate  nature"*.     The  authors  of  this  mani- 
festo, however,  leave  us  in  doubt  as  to  whether  they  regard  the 
belief  in  question  as  itself  obsolete,  or,  by  being  modified  in 
accordance  with  the  invincible  array  of  facts  by  which  their 
second  dogma  has  been  established,  as   brought  within  the 
pale  of  natural  truth,  and  thus  to  have  become  an  aid,  and  not 
an  encumbrance,  to  scientific  progress.    The  two  propositions 
are  certainly  not  equivalent  unless  this  latter  interpretation  be 
allowed ;  and  as  equivalence  is  evidently  intended,  we  take  it 
that  the  authors,  leaving  the  mystery  of  life  to  vindicate  itself, 
also  intended  this  interpretation,  and  would  allow  the  chemical 
phenomena  of  life  to  be  as  special,  say,  as  the  phenomena  of  heat. 

But  it  is  difficult  to  rest  satisfied  with  the  isolated  and  phy- 
sical interpretation  of  the  passage ;  the  generalizing  tendency 
of  modern  physical  science  impels  us  to  give  it  a  wider  con- 
sideration. Thus,  to  develop  our  parallel,  we  have  long  ceased 
to  regard  heat  as  having  any  special  objective  existence  ;  and 
although  its  phenomena  are,  in  relation  to  our  perceptions, 
still  sufficiently  special  to  admit  of  classification  apart,  we  no 
longer  allow  the  exigencies  of  science  to  impede  our  progress 
towards  a  better  understanding  of  the  unity  of  nature,  but 
recognize  in  heat  "  a  manifestation  of  energy  as  a  mode  of 
molecular  motion,"  a  definition  which  is  sufficiently  exclusive 

*  Roscoe  and  Scliorlemmer, '  Treatise  on  Chemistry,'  iii.  p.  10. 
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of  subjective  im])ressious.  Furtlier,  chemists  are  in  the  habit 
of  referring  the  phenomena  of  their  science  to  the  existence  of 
a  force  of  chemical  affinity,  and  that  without  any  justification 
more  or  less  elaborate,  in  deference  to  its  conditional  character 
or  to  the  metaphysical  questionings  which  underlie  all  our 
natural  science.  And  when  we  examine  into  the  grounds 
upon  which  our  belief  in  a  vital  force  may  be  said  to  be  dis- 
missed, we  find  that  we  have  in  them  only  the  basis  of  a  truer 
knowledge  than  heretofore  of  what  the  vital  force  is  and  what 
it  is  not.  Since  the  dismissal  of  the  hypothesis  of  spontaneous 
generation,  the  distinction  of  matter  into  animate  and  inani- 
mate has  assumed  a  very  sharp  character.  In  the  animate 
world  we  have  a  province  of  distinct  phenomena  ;  into  this 
world,  matter  is  coerced  and  is  made  to  manifest  properties 
distinct  from  those  which  it  otherwise  possesses  ;  and  in  this 
world  force  is  distributed  and  co-ordinated  in  such  a  way  as  to 
compel  the  acknowledgment  of  agency.  Speaking  physically, 
we  admit  that  life  is  one  of  the  narrowest — i.  e.  most  exten- 
sively conditioned  of  phenomena ;  but  this  does  not  lessen  our 
belief  in  the  working,  under  these  conditions,  of  a  special 
agency.  The  minutely  intimate  correlation  of  life  with  its 
chemical  phenomena  doubtless  leaves  in  the  minds  of  many 
but  a  very  narrow  margin  for  the  operation  of  the  special 
agency  in  question,  and  makes  its  assumption  appear  propor- 
tionately gratuitous.  At  the  same  time  we  have  no  proof  that 
the  science  of  "energy"  affords  the  ultimate  criterion  of 
natural  truth;  and  we  cannot  recognize  that  it  has  done  more 
than  modify  the  belief  in  a  special  vital  force,  though  the 
modification  has  been  so  deep  as  to  convert  it  from  being  an 
encumbrance  to  an  eflfective  aid  to  scientific  progress. 

How  far  our  progress,  thus  emancipated  from  a  serious 
impediment,  may  be  expected  tu  go,  is  a  question  which  must 
be  relegated  to  metaphysics  ;  at  the  same  time  we  hold  that 
the  results  of  physical  inquiry  have  as  yet  given  no  warrant 
for  anticipating,  as  the  realizable  ideal,  that  our  science  will 
ever  overleap  the  barrier  of  structural  organization.  The  limi- 
tation herein  expressed  seems  to  us  so  obviously  to  define  the 
natural  attitude  of  the  chemist  towards  living  matter,  that  not 
without  the  strongest  proofs  will  he  change  it  for  the  extreme 
of  conceivaljle  ideals  ;  and  in  the  practical  work  of  investiga- 
ting the  products  of  life  and  growth  he  will  find  such  abun- 
dant confirmation  of  his  natural  impressions  as  to  remain 
convinced  that  the  distinction  of  the  material  universe  into 
animate  and  inanimate  is  real  and  transcendental*. 

*  This  subject  will  be  found  exhaustively  discussed  in  '  Chemical  Ditfi- 
cidties  of  Evolution,'  by  J.  J.  McLaren  (1877). 
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Chemistry  and  biology  occupy  to  one  another  an  antithetic 
relation  as  regards  their  subject-matter  :  the  goal  of  the  one 
is  the  starting-point  of  the  other;  the  protoplasm  as  yet  undif- 
ferentiated, to  which  the  biologist  complacently  refers  the 
origin  of  life,  is  to  the  chemist  a  perfect  microcosm,  and  its  syn- 
thesis perhaps  the  highest  possible  achieyement  of  his  science. 
With  regard  to  the  superyening  phenomenon  of  organization 
— the  entrance  of  life — there  is  also  a  distinction  of  attitude. 
To  the  biologist  it  is  axiomatic — beyond  that,  a  fact  without 
the  range  of  obseryation,  and  one  of  which  we  yenture  to  say, 
therefore,  he  can  giye  no  account.  NoAy  the  chemist  tinds  his 
attention  challenged,  and  his  work  of  speculatiye  inyestigation 
begin,  at  an  earlier  point  in  the  history  of  the  planet,  when 
as  yet  life  was  impossible  ;  his  speculations  moreoyer  haye  a 
certain  basis  in  obseryation  and  analogy;  and  haying  initiated 
his  career,  why  break  otF  and  affect  to  yiew  with  yeiled  eyes 
a  chanffe  merely  in  the  disposition  of  the  matter  and  force 
already  existent  and  actiye  ?  Why,  further,  should  w^e  attach 
to  the  entrance  of  structural  organization  a  rrystic  signifi- 
cance, when  not  only  are  ^ye  familiar  with  the  inyerse  change 
from  the  organized  to  the  amorphous  condition,  but  find  it  in 
many  cases  to  inyolye  no  change  in  the  inner  subsensible 
molecular  structure,  or  at  least  no  deeper  change  than  can  be 
included  within  the  proyince  of  isomerism?  Cellulose,  for 
instance  (in  the  form  of  cotton),  is  dissolyed  by  the  ammonio- 
cupric  reagent,  and  on  adding  excess  of  ac^d  is  reprecipitated, 
and  may  be  recoyered  without  loss  of  weight ;  the  change 
undergone  cannot,  therefore,  be  more  than  morphological. 
Furthei ,  the  amorphous  cellulose  behayes  towards  reagents  so 
similarly  to  the  original,  that  the  change  in  question  appears 
to  haye  affected  merely  the  external  structure.  Add  to  these 
considerations  many  others  of  a  similar  character,  which  need 
not  be  here  specified,  togCLher  with  the  numerous  syntheses  of 
the  products  of  life  and  groAvth  which  haye  been  achieyed  in 
the  laboratory,  and  lastly  the  narrow  range  of  physical  con- 
ditions under  which  life  is  possible,  and  we  haye  a  fair  con- 
ception of  the  intellectual  position  from  ^yhich  might  emanate 
the  dogma,  "we  haye  ceased  to  belieye  in  a  special  vital  force.'" 
We,  speaking  personally,  see  no  more  reason,  in  these  teach- 
ings of  molecular  philosophy,  for  ceasing  to  belieye  in  life  as 
resulting  from  special  agency,  than  for  ceasing  to  recognize 
the  liying  individuality  of  our  English  language  or  constitu- 
tion, and  the  agency  of  Eno-lishmen  in  their  establishment 

111  'O./  o 

and  deyelopment,  because  they  are  originally  a  rearrangement 
of  materials  and  forces  once  the  possession  of  now  obsolete  or 
effete  nationalities.  We  are  not  aware  that  in  any  philosophy, 
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worthy  the  name,  life  was  or  is  regarded  as  any  thing  more 
than  a  rearrangement  and  special  disposition  of  the  preex- 
isting: it  cannot  be  doubted  that  life,  as  known  on  this  planet, 
had  a  beginning  ;  nor,  further,  that  the  whole  analogy  of  the 
origin  of  subsequently  derived  life  points  to  it  as  an  indivi- 
dual and  special  phenomenon.  In  a  word,  the  doctrine  of 
Spontaneous  Generation  has  been  expunged  from  biological 
science  ;  and  a  revival  of  its  analogue  from  the  point  of  view 
of  chemical  science  we  hold  to  be  groundless.  Not  only  so, 
but,  to  give  a  more  practical  expression  to  these  views,  a 
loose  adoption  of  the  non-belief  in  a  special  vital  force  will 
materially  impede  progress  in  the  domain  of  biological  che- 
mistry. We  cannot  find  a  stronger  proof  of  the  want  of 
recognition  of  the  special  and  peculiar  nature  of  the  chemical 
phenomena  of  life  than  in  the  prevalence  of  empirical  methods 
for  the  resolution  of  plant  substances,  their  empiricism  con- 
sisting chiefly  in  their  unreasoned  foundations  upon  the  me- 
thods of  separation  of  inorganic  substances.  To  this  portion 
of  the  science  our  attention  has  been  specially  directed;  and 
we  proceed  to  discuss  it  in  certain  of  its  bearings  upon  the 
main  subject  of  this  paper. 

The  work  of  the  plant,  considered  in  its  intrinsic  results,  is 
to  grow,  to  form  tissues  and  organs  ;  a  side  issue  of  growth 
is  the  elaboration  of  substances  which  subserve  future  growth; 
and  a  subsidiary  result  is  the  formation  of  certain  substances 
which  we  may  regard  as  excreta,  as  unavailable  for  the  main 
end.  These  excreta  are  often  bodies  of  well-defined  physical 
properties,  of  more  or  less  simple  molecular  structure,  whose 
constitution  is  so  far  comprehended  as  to  allow  of  their  syn- 
thetical production  in  the  laboratory.  For  the  isolation  of 
such  bodies,  methods  founded  upon  the  fixity  of  their  consti- 
tution are  general  and  satisfactory.  But,  on  the  other  hand, 
substances  whose  essential  condition  is  that  of  continual  dif- 
ferentiation, whose  constitution  is  but  little  understood  even 
when  viewed  statically,  AA'hose  relationship  to  the  former  group 
is  probably  of  a  parental  character,  should  be  treated  with 
due  regard  to  these  distinctions  :  indeed  it  seems  hopeless  to 
attempt  to  comprehend  their  chemical  functions  in  disregard 
of  these  their  special  biological  correlations.  The  neglect  of 
these  considerations  has  led  to  the  adoption  of  empirical  and, 
to  that  extent,  arbitrary  methods  of  analysis  and  classification; 
names  have  been  multiplied  to  individualize  bodies  which, 
occurring  in  a  developmental  series,  should  have  received  a 
corresponding  general  or  group  definition;  and  much  time  and 
capability  have  been  spent  in  establishing  facts  before  their 
probable  and  relative  value  had  been  taken  into  consideration. 
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The  chemistry  of  cellulose  is  a  case  in  point.  This  substance 
will  be  found,  even  to  this  day,  treated  by  chemists  as  a  well- 
defined  body,  of  intrinsically  tixed  characteristics  ;  whereas 
physiologists,  with  special  regard  to  its  functions  in  the  living- 
plant,  have  long  since  observed  it  to  be  capable  of  many  modi- 
fications, more  or  less  profound,  and  have  not  hesitated  to 
regard  it  as  the  parent  substance  of  that  large  class  of  aro- 
matic bodies  of  which  tannin  is  the  type. 

Geology  had  made  us  acquainted  with  the  very  profound 
modification  of  cellulosic  structures  which  are  seen  in  coal;  and 
the  chemical  study  of  coal  in  its  various  forms  had  revealed  a 
piogressive  increase  in  aromatic  potentiality;  and  yet  the 
obvious  generalization  of  these  several  results  has  been  widely 
ignored,  the  genetic  connexion  suggested  by  this  large  group 
of  naturally  occurring  substances  has  been  practically  neglected, 
and  chemists  have  remained  satisfied  with  a  purely  empirical 
treatment.  Taking  this  connexion  as  a  working  hypothesis 
and  investigating  the  essential  relations  therein  suggested,  we 
feel  assured  that  a  much  more  productive  field  of  inquiry  is 
opened  out.  Tlie  essential  difference  between  coal  and  cellu- 
lose is  measured  by  the  difference  of  their  products  of  decom- 
position by  dry  distillation:  in  coal  we  have  the  source  of  the 
vast  series  of  aromatic  compounds  which  constitute  the  sub- 
ject matter  of  the  most  important  development  of  our  science. 
Although  the  constitution  of  coal  is  still  unsolved,  and  we 
cannot  yet  say  to  what  extent  it  might  be  made  to  yield 
aromatic  bodies  by  less  drastic  processes  of  resolution  than 
that  of  destructive  distillation,  yet  the  general  fact  that  in 
relation  to  cellulose  it  possesses  an  increased  (immediate) 
aromatic  potentiality  has  been  sufficiently  established.  The 
nitrogen,  further,  derived  from  the  proteid  matters  of  the 
parent  tissues  exhibits  a  progressive  diminution:  and  the  che- 
mistry of  the  formation  and  decomposition  of  coal  may  be 
considered  independently  of  this  element"^.  It  remains  there- 
fore to  investigate  the  conversion  of  cellulose  into  substances 
of  the  aromatic  group  of  compounds. 

The  first  link  in  the  chain  of  development  would  appear, 
from  the  researches  of  physiologists,  to  be  contained  in  the 
phenomenon  of  the  lignification  of  cellulose  structures.  In 
the  life  of  the  plant,  extreme  processes  of  reduction  and  oxi- 
dation, of  synthesis  and  resolution  occur  simultaneously  and 
continuously.  The  formation  of  cellulose  and  its  lignification 
have  been  ranged  by  physiologists  on  the  basis  of  this  anti- 
thesis.    The  connexion  between  liguin  and  the  great  group  of 

*  "W.  A.  Miller,  'Elements  of  Cliemistrv,'  iii.  p.  145,  by  whom  this 
subject  appears  to  be  developed  more  cousequeutly  than  by  most  writers, 
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astringent  substances  has  been  already  established*;  and  the 
latter  have  been  assumed  by  physiologists  to  be  residues  of 
the  oxidation    of  carbohydrates.     In  regard  to  the  lignifica- 
tion  of  structures  originally  consisting  of  pure  cellulose,  we 
ha\e  two  alternative  hyjjotheses  to  account  for  the  change: — 
(1)  that  it  results  from  an  intrinsic  modification  of  the  cellu- 
lose itself  effected  in  situ ;  and  (2)  that  it  is  the  result  of  com- 
bination of  cellulose  with  aromatic  bodies  formed  elsewhere 
in  the  plant,  and  probably  as  residues  from  the  oxidation  of 
carbohydrates.     There  is  perhaps  more  negative  evidence  on 
the  subject  of  the  second  than  there  is  positive  in  favour  of 
the  first  hypothesis;  and  the  difficulties  which  beset  the  eluci- 
dation of  the  question  are  an  apt  illustration  of  the  limitations 
which  impede  the  solution  of  the  chemical  phenomena  of  life. 
If  the  cellulose  combine  with  astringent  substances  presented 
in  solution,  to  form  insoluble  products,  these  may  be  assumed 
to  resemble  those   compounds  which  form   the  basis  of  the 
d^^eing  of  the  cellulose  fibres.     A  superficial  study  of  any  of 
the  non-cellulose  or  lignified  fibres  will  satisfy  the  observer 
that  they  behave  rather  as  modified  celluloses  than  as  a  com- 
pound of  the  above  weak  order.     In  the  first  place,  the  reso- 
lution of  the  fibre-substance  of  lignified  fibres  can  only  be 
effected  by  means  of  drastic  reagents,  whereas  a  compound  of 
cellulose  with  a  body  that  it  has  merely  removed  from  solution 
(that  is  to  say,  in  what  we  may  term  adhesive  combination) 
is  always  easily  decomposed.     We  have  further  made  a  series 
of  observations  upon  seedlings,  which  show  that  the  astringent 
substances    formed   during   germination   are   pi'esent   in    the 
juices  and  yet  absent  from  the  substance  of  the  fibro-vascular 
bundles.     Again,  if  lignification  followed  the  course  in  ques- 
tion, it  is  difficult  to  account  for  the  comparatively  invariable 
composition  of  bast-fibres.      Not  only  are  they  remarkably 
uniform  in  composition  from  end   to  end,  but  they  may  be 
obtained  white  and  lustrous  by  a  process  of  bleaching  which 
occasions  a  minimum  loss  of  weight ;  they  may  be  converted 
into    explosive   nitro-compounds,    an    examination  of   which 
shows  them  to   be  homogeneous  ;    they  are    soluble  in  the 
ammonio-cupric  reagent,  a  property  which  has  been  denied  to 
them  by  certain  observers ;  and  the  precipitate  obtained  on 
adding  an  acid  is  simply  the  amorphous  modification  of  the 
originally  organized  fibre-substance.     The  characteristic  yel- 
low  coloration   moreover  which    lignified    fibres    give  when 
ti-eated  with  a  solution   of  aniline  sulphate,  and  upon  which 
much  stress  has  been   laid   as  distinguishing  them  from  the 

*  Saf-hs,  Handb.  der  exper.  Phys.  (1865)  pp.  .361-369  :   Sachse,  Farbstoffe 
&c.  (1877),  p.  11^;  Cross  aud  Bevan,  Chem.  Soc.  Journ.  xli.  p.  90. 
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cellulose  fibres,  we  have  found  to  be  so  considerably  weakened 
by  previously  boiling  the  fibre  in  a  solution  of  acid  sodium 
sulphite  as  to  be  afterwards  in  many  cases  quite  undistinguish- 
able.  As  the  loss  in  weight  due  to  this  treatment  is  imper- 
ceptible,  and  the  lignin  substance  remains  practically  un- 
changed, the  colour-reaction  in  question  is  referable  to  the 
presence  of  some  body  resulting  from  a  superficial  decompo- 
sition (oxidation)  of  the  lignin  substance.  These  observations 
are  a  strono;  confirmation  of  the  view  enunciated  with  much 
emphasis  by  Sachs*  many  years  ago,  that  the  only  inference 
to  be  drawn  from  the  biochemical  facts  then  established  is  that 
lignin  and  cellulose  are  genetically  connected. 

In  our  early  work  on  bast-fibres,  we  were  led  to  regard 
the  jute-fibre  as  typical  of  a  class  of  bodies  analogous  to  the 
glucosides,  and  which  we  termed  cellulides,  a  name  which  suffi- 
ciently explains  our  views.  Sulisequently  to  this,  we  found 
that  Hlasiwetzf  had  arrived  at  similar  conclusions  in  discussing 
the  chemico-physiological  relationships  of  the  tannins,  phloba- 
phenes,  resins,  and  glucosides.  He  not  only  regards  cellu- 
lose, tannins,  and  resins  as  genetically  connected,  but  is  con- 
vinced of  the  a  priori  probability  of  the  existence  of  series  of 
gummides  and  mannides  parallel  with  the  glucosides.  We 
take  this  as  an  additional  warrant  for  the  correctness  of  our 
view;  and  in  conformity  with  these  conclusions  and  subse- 
quent experience,  we  may  state  our  hypothesis  with  more 
emphasis  to  be,  that  the  fibre  substance  of  lignified  fibres  is,  in 
its  chemical  constitution,  dominated  by  the  cellulose  mole- 
cule, upon  which  aromatic  molecules,  resulting  fi-om  intrinsic 
modification  of  the  cellulose  itself,  have  been  built.  Whether 
the  aromatic  molecule  is  of  the  nature  of  a  quinone,  as  would 
seem  to  be  indicated  by  the  products  of  the  action  of  chlorine, 
we  have  some  hesitation  in  affirming,  recognizing  more  clearly 
than  we  then  did  the  difiiculty  of  reasoning  from  the  pro- 
ducts of  decomposition  of  once  living  substances  back  to  the 
condition  under  which  they  are  formed. 

The  celluloses,  which  constitute  the  framework  upon  which 
the  plant  world  is  developed,  being  regarded  thus  as  capable 
of  modification,  and  lignification  as  the  first  of  the  series  of 
changes  through  which  they  pass  from  the  group  of  carbo- 
hydrates, to  which  they  originally  belong,  to  the  extended 
range  of  naturally  occurring  substances  of  aromatic  character 
included  in  the  large  group  of  astringents,  in  the  several 
varieties  of  coal,  and  probably  also  of  other  important  groups, 

*  Sachs,  ibid.  Cf.  KoroU,  Quant.  Chem.,  unters.  Zstg.  Kork,  Bast 
&c, :  Diss.,  Dorpat  (1880). 

t  Chem.  Soc.  Journ.  xxxviii.  p.  666 ;  Ann.  Chem.  P?iartn.  cxliii.  p,  40, 
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such  as  the  resins,  it  is  surely  iucunibeut  upon  chemists  to 
recognize  the  call  to  investigate  the  natural  origin  and  history 
of  the  carbon  compounds,  and  first  of  all  in  their  relation  to 
cellulose.  We  know  the  objection  in  the  minds  of  many  to 
forsake  the  familiar  landmai'ks  of  positive  physical  definition, 
such  as  crystallization  and  molecular  volume,  for  a  province 
where  the  absence  of  the  criteria  hitherto  reoarded  as  all  im- 
portant  makes  the  results  to  be  obtained  appear  to  that  extent 
conjectural;  we  know  indeed  that  the  objection  in  many  cases  . 
takes  the  more  active  form  of  almost  refusing  credence  to  any 
results  obtained  with  substances  that  are  amorphous  and  essen- 
tially transitional ;  and  against  this  attitude  a  most  emphatic 
protest  is  to  be  lodged.  Arithmetic  cannot  cope  with  the 
physics  of  living  matter;  and  we  shall  need  to  promote  our 
equations  and  constants  several  degrees  before  we  can  include 
its  chemical  phenomena.  Moreover  the  purity  of  substances, 
as  the  only  condition  in  which  to  be  approached  by  the  che- 
mist, will  need  a  very  elastic  interpretation  in  presence  of 
matter  undergoing  dift'erentiation;  and  such  properties  as  have 
hitherto  been  regarded  as  affording  the  only  guarantees  of 
purity  will  have  no  place  in  a  vast  amount  of  research  that 
requires  to  be  done.  We  clearly  recognize  the  large  amount 
of  work  already  accomplished  by  isolated  efibrt  in  this  depart- 
ment of  chemical  science  ;  but  these  remain  for  the  most  part 
uncorrelated,  and,  as  a  glance  at  the  text-books  will  show,  in 
a  great  measure  unrecognized. 

Not  only  have  the  suggestions  of  physiologists  in  regard  to 
the  probable  origin  of  aromatic  substances  in  the  plant  been 
but  little  developed  by  chemists,  but  the  equally  important 
correlation  of  the  carbohydrates  with  the  fats,  which  follows 
from  their  physiological  equivalence,  still  lies  without  our 
science.  Here  also  a  transformation  m  series  is  suggested, 
the  intermediate  terms  of  which  are  probably  to  be  found  in 
cutin  and  analogous  bodies,  constituents  of  cork  structures. 
The  changes  through  which  the  transition  is  accomplished  are 
probably  very  profound,  more  so  than  in  the  conversion  of 
cellulose  into  lignin.  Of  the  mechanism  of  the  conversion  we 
are  as  yet  entirely  ignorant :  but  we  have  the  conviction,  in 
this  as  in  every  other  case,  that  tbe  \\idl  force  of  the  plant 
operates  through  the  same  materials  and  forces  which  lie  at 
our  disposition,  and  that  its  results  can  therefore  be  studied 
and  in  some  measure  reproduced. 

The  study  of  these  transfoi'mations  must,  in  the  first 
instance,  of  course  be  analytical;  and  most  inqiortant  correla- 
tions will  follow  from  a  comparative  examination  of  the  pro- 
ducts of  resolution  of  plant-substances.      Take,  for  instance. 
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mucic  acid,  and  represent  its  connexions  by  a  diagram,  and  we 
find  a  large  number  of  very  important  correlations  impilicated, 
thus: — 

Cellulose. 


G 


ums. 


Mucic  acid. 

(Dichloro-muconic  acid)     (Pyromucic  acid). 
Adipic  acid.  Furfuraldehyde. 


r ^         f ; ; > 

Cork  tissues.     Fats.        Lignin.      Astringents. 

A  quantification  of  these  relationships,  and  a  multiplication 
of  investigations  according  to  such  «  ^^n'oi't  correlations,  could 
not  fail  to  establish  important  truths  concerning  the  genetic 
connexions  of  the  carbon  compounds. 

A  further  illustration  of  the  want  of  correlation  of  chemical 
with  biological  investigation  is  to  be  found  in  the  prevalence 
of  empirical  and  statistical  analyses  of  plant-substances  in 
agricultural  work.  To  a  certain  extent  it  is  evident  that 
statistical  must  prevail  over  molecular  methods  where  the 
complex  substances  and  mixtures  of  substances  which  'are 
elaborated  in  the  plant  world  are  the  subject  of  inquiry ;  but  we 
contend  that  these  may  be  ordered  on  a  much  more  rational 
basis  than  is  at  present  adopted. 

The  somewhat  arbitrary  choice  of  reagents,  such  as  Schulze's 
for  the  isolation  of  cellulose,  of  boiling  dilute  sulphuric  acid 
and  alkali  successively  applied  to  plant-substances  for  the 
determination  of  their  so-called  crude  fibre,  the  dismissal  of 
whole  groups  of  bodies  as  "  extractive  matters  "  or  as  "  in- 
crusting  and  intercellular  substances,"  and  the  general  absence 
of  the  recognition  of  the  genetic  connexion  of  these  substances 
with  those  from  which  they  are  separated — in  fine,  the  almost 
exclusive  choice  of  the  indirect  and  statistical  before  direct 
methods  of  observation,  argues  a  certain  misapplication  of 
time  and  capability,  and  sufficiently  accounts  for  the  indiffer- 
ent, if  not  critical,  attitude  of  the  greater  number  of  chemists 
towards  Biochemical  science.  We  may  cite  the  literature  on 
the  subject  of  chlorophyll,  the  proteids,  the  carbohydrates, 
including  cellulose,  the  group  of  pectous  substances,  and,  until 
the  recent  work  of  O'tSullivan  and  Brown  and  Heron,  starch.  A 
more  special  illustration  is  to  be  found  in  the  work  of  Meissner 
and  Shephard  on  the  origin  of  hippuric  acid  in  the  urine  of 
Herbivora.  In  order  to  identify  the  parent  substance — that 
constituent  of  grasses  which  could  yield  the  necessary  benzoic 
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residue — the  authors,  adopting  the  statistical  method  of  exclu- 
sive separation,  arrived  at  length  at  the  substance  in  question 
— a  body  Avhich  Foster*,  in  quoting  their  work,  terms  a  form 
of  cellulose.  This  substance  was  found  to  differ  from  cellulose, 
on  the  result  of  an  aggregate  elementary  analysis,  by  a  some- 
what higher  carbon  percentage,  such  as,  according  to  the 
reasoning  of  these  authors,  would  be  due  to  the  presence  of  a 
body  of  the  composition  of  quinic  acid;  and  this  they  regard 
as  a  constituent  of  this  substance,  and  as  converted,  during 
the  process  of  digestion,  inio  hippuric  acid.  Pushing  then 
the  statistical  method  of  inquiry  beyond  its  limits,  and  evi- 
dently for  the  purpose  of  confirming  a  p^nori  views,  the  authors 
appear  to  us  to  have  missed  the  most  important  development 
of  their  otherwise  valuable  work.  Had  they  examined  the 
"  form  of  cellulose  "  at  which  they  arrived  by  a  direct  method 
of  proximate  resolution,  they  would  have  obtained  the  aromatic 
substances,  allied  to  the  astringents  and  phenols,  which  we  have 
obtained  from  lignified  fibres.  Tliat  they  are  digested  by  the 
Herbivora  has  been  established  by  numerous  observersf;  that 
they  are  the  source  of  the  benzoic  residue  necessary-  to  form 
hippuric  acid  is  a  ^yriori  very  probable  :  in  fact  it  must  be 
regarded  as  first  in  the  order  of  the  probabilities  to  be  inves- 
tigated. As  such,  indeed,  it  is  occupying  our  attention  ;  and 
whatever  be  the  result  it  will  be  more  valuable,  because  more 
definite,  than  any  conclusion  arrived  at  by  means  of  the  in- 
direct method. 

We  refrain  from  extending  our  discussion  of  these  subjects 
in  anticijiation  of  the  more  detailed  publication  of  our  re- 
searches. AVe  think  we  have  shown  grounds  for  our  state- 
ment that  there  is  a  general  want  of  correlation  of  chemical 
with  biological  reseai'ch,  especially  in  the  hesitation  on  the 
part  of  chemists  to  adopt,  as  working  hypotheses,  the  wider- 
reaching  conclusions  of  physiologists  as  to  the  natural  origin 
and  history  of  the  carbon  compounds.  We  have  also  endea- 
voured to  show  that,  while  our  conception  of  the  vital  force 
has  been  modified  so  as  to  have  entirely  lost  the  significance 
that  belonged  to  it  in  a  previous  age,  we  have  no  ground  for 
dismissing  it  for  the  alternative  view  of  life  as  immanent  in 
the  universe  of  matter  and  force.  We  have  expunged  an  error 
that  was  partial,  and  are  in  danger  of  generalizing  the  nega- 
tive by  which  it  needed  to  be  met. 

Postscript. — Since  writing  the  above,  our  researches  have 

*  Die  Hippursfiiire  (Ilanuover,  1866)  ;  'Text-book  of  Physiology,"  2nd 
edit.  p.  ii'>4.     C'f.  A\.'eiske,  ZeUschr.  Biol.  xii.  p.  241. 
t  Weende,  Berichle. 
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established  ii  connexion  of  the  closest  order  between  the  aro- 
matic portion  of  the  molecule  of  lignin  (bastose)  and  the  tri- 
atomic  phenols — a  fact  which  considerably  strengthens  the 
views  ad^'anced  by  physiologists  as  to  the  correlations  of  the 
carbohydrates  with  the  aromatic  group,  and  the  reasoning  by 
which  we  have  sought  to  emphasize  them.  The  researches  in 
question,  on  this  point,  will  be  published  in  due  course. 


XL.   On  the  Dimensions  of  a  Magnetic  Pole  in  the  Electrostatic 
System  of  Units.     By  Oliver  J.  Lodge,  D.Sc. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlejien, 
ri^HE  discussion  which  has  been  carried  on  in  your  pages* 
-L  respecting  the  dimensions  of  a  magnetic  pole  serves  to 
illustrate  the  diveroencv  of  thought  lietween  those  in  this 
country  who  have  been  brought  up,  electrically,  under  Faraday 
and  Maxwell,  and  the  continental  philosophers  so  eminently 
represented  by  Prof.  Clausius.  From  one  point  of  view  the 
discussion  may  be  said  to  have  been  roused  by  a  simple  mare's 
nest  constructed  by  dropping  a  factor  out  of  one  side  of  an 
equation  (as  was  pointed  out  at  once  by  Prof.  Fitzgerald  and 
by  Mr.  J.  J.  Thomson) ;  but  from  another  point  of  view  it  is 
the  natural  and  inevitable  consequence  of  the  different  aspects 
from  which  these  matters  can  be  regarded: — the  English 
standpoint,  in  which  the  medium  is  recognized  as  the  active 
agent,  and  is  continually  present  botli  in  the  mind  and  in  the 
foi'mulae;  and  the  continental  standpoint,  from  which  the 
medium  is  [)erceived  as  so  much  empty  space,  and  is  taken 
account  of  as  such  in  the  formulae.  Both  these  aspects  of  the 
subject  are  worth  consideration;  and  it  may  be  conducive  to 
future  clearness  to  discuss  them  at  moderate  length. 

Coulomb's  measurements  provisionally  established  the  fact 
that  in  air  the  mechanical  force  between  two  electrically 
charged  bodies  was  proportional  to  ee'/r';  but  the  subsequent 
researches  of  Faraday  proved  that  this  proportionality  onl}'" 
holds  so  long  as  the  medium  enveloping  the  bodies  is  un- 
changed, and  that  the  above  quotient  must  be  multiplied  by 
different  factors  in  order  to  give  the  force  exerted  in  different 
media.  Thus  if  the  same  two  charged  bodies  were  immersed 
in  bisulphide  of  carbon,  they  would  repel  one  another  with 
much  less  vigour  than  they  do  in  air. 

Introducing  therefore  as  a  factor  the  electric   inductive 


*  Phil.  Mag-,  [o]  vol.  xiii.  pp.  370, 381,  427,  429,  431,  530 ;  aud  vol.  xiv. 
pp.  124  &  225. 
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capacity  K,  we  have  the  general  equation 


F:  ''' 


Now  all  that  is  solemnly  essential  with  respect  to  the  dimen- 
sions of  the  quantities  here  involved  is  that  g^/K  must  be  a 
force  into  an  area,  or  that 

If  we  proceed  to  define  the  unit  of  electricity  so  as  to  make  K 
of  no  dimensions  and  to  equal  1  for  air,  that  is  a  convention, 
and  it  is  the  basis  of  the  electrostatic  system  ;  but  the  above 
statement  is  no  convention,  but  a  natural  truth. 

Precisely  the  same  kind  of  thing  is  true  in  magnetism;  and 
we  now  know  that  the  force  between  two  magnetic  pules  is  not 
independent  of  the  medium  surrounding  them,  but  that  if  the 
torsion-balance  were  full  of,  say,  ferric  chloride,  the  force 
between  the  t^vo  poles  would  be  measurably  less  than  if  it 
were  full  of  mere  air.  Thus  we  again  need  a  factor  for  com- 
pleteness  ;  and  the  real  law  is  that 

^      mm' 

S!    =   -i 

or  that 

[m]  =  [L][/.F]i 

The  conventional  magnetic  system  of  units  is  based  on  the 
definition  of  m  in  such  a  way  that  yu,,  the  magnetic  inductive 
capacity  of  the  medium,  shall  be  of  no  dimensions,  and  shall 
for  air  be  simply  1. 

All  then  that  is  objectively  and  physically  fixed  about  the 
matter  is  that  the  dimensions  of  e/\/K  and  of  m/s/H'  are 
absolutely  and  mechanically  definite,  being  each  of  them  a 
length  into  the  square  root  of  a  force,  or 

m^'l^t-\ 

But  observe  that  the  two  system  of  units,  the  electrostatic 
and  the  magnetic,  the  arbitrary  definition  of  e  and  the  arbi- 
trary definition  of  m,  are  in  their  origin  utterly  independent ; 
not  that  they  are  unrelated,  but  their  relation  nmst  be  a  matter 
for  future  and  experimental  investigation.  All  we  can  so  far 
say  about  them  is,  that,  in  every  possible  consistent  system  that 
can  be  adopted, 

[^K-']=.[»?/.-^]-[LF+^]=[MA-*].     .     .     (1) 

(The  last  term  of  this  triple  identity  is  added  for  the  sake  of 
completeness,  though  it  does  not  directly  belong  to  the  present 
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subject  :  the  letter  k  is  intended  for  the  gravitation-constant 
as  determined  by  the  Cavendish  experiment.  I  am  not  aware 
whether  the  question  of  the  possible  dependence  of  this  con- 
stant on  the  optical  density  of  the  medium  surrounding  the 
attracting  masses  has  ever  been  considered;  but  I  feel  sure 
that  a  direct  experimental  attack  on  this  question  would  not 
be  uninteresting,  and  it  might  lead  to  important  results.) 

We  now  come  to  the  (Ersted-Ampere  discovery  of  the  con- 
nexion between  m  and  e — the  form  of  the  connexion  being 
that  an  electric  current  flowing  in  a  closed  circuit  can  pro- 
duce a  magnetic  potential,  and  therefore  of  course  can  act  on 
magnets,  precisely  as  if  it  itself  were  a  magnet  of  a  certain 
strength  and  form.  The  potential  so  caused  at  any  point  in 
air  is  found  to  be  simply  proportional  to  the  strength  of  the 
current  and  to  the  solid  angle  w'hich  the  circuit  subtends  as 
seen  from  that  point ;  or,  in  other  words,  the  moment  of  the 
magnet  w^hich  is  equivalent  to  the  current  is  simply  pro- 
portional to  the  strength  of  the  current  and  to  the  area  of  the 
contour  round  which  it  flows. 

The  unit  of  current  most  sim[)ly  and  directly  applicable  to 
these  electromagnetic  phenomena  is  not  the  old  electrostatic 
unit  at  all,  but  a  new  unit  which  may  be  defined  in  many 
ways — as,  for  instance,  these  : — 

The  electromagnetic  unit  of  current  is  that  which  produces 
unit  magnetic  potential  at  a  point   whence   its   circuit 
subtends  unit  solid  angle; 
It  is  also  that  which  produces  unit  magnetic  intensity,  in  a 
given  direction,  at  a  point  whence  the  solid  angle  sub- 
tended by  its  circuit  is  changing  at  unit  rate,  per  unit 
displacement,  in  that  direction; 
And,  again,  it  is  that  current  which  when  flowing  round  a 
contour  of  unit  area  is  equivalent  to  a  magnet  of  unit 
moment, — 
all  these  statements  being  derived  directly  from  the  unit  mag- 
netic pole  thus  : — 

Unit  magnetic  potential  is  defined  to  exist  wherever  a  soli- 
tary and  stationary  unit  pole  would  possess  unit  energy  ; 
Unit  magnetic  intensity  exists  wherever  unit  pole  wottld 

experience  unit  force  ;  and 
Unit  magnetic  moment  is  that  possessed  by  two  unit  poles 
of  opposite  sign  rigidly  connected  by  a  bar  of  unit  length. 
(The  connexion  between  the  old  electrostatic  unit  and  this 
new   electrical  unit   thus   magnetically  defined   may   be   ex- 
pressed, if  I  am  not  mistaken,  by  saying  that  a  ring  charged 
with  the  electrostatic  unit  of  electricity  would  have  to  revolve 
in  its  own  plane  with  an  angular  velocity  of  about  o  x  10^" 
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radians  per  second  in  order  to  produce  the  same  magnetic 
effects  as  the  electromagnetic  unit  of  current  flowing  in  the 


same  nng. 


Or,  conversely,  the  electrostatic  unit  magnetic  pole  would 
be  that  which  would  experience  unit  force  if  placed  at  the 
centre  of  a  circle  of  unit  radius  in  which  the  electrostatic  unit 
of  electricity  was  moving  with  unit  velocity. 

This  definition  I  believe  to  hold  equally  well  in  any  homo- 
geneous medium;  for  it  is  pointed  out  below  that  the  electro- 
magnetic effect  of  a  cun-ent  is  independent  of  yu-:  while  as 
regards  K,  a  quantity  which  we  might  perhajjs  think  would 
be  likely  to  affect  the  result,  we  must  remember  that  electric 
displacement  is  totally  independent  of  any  such  circumstance. 
So,  corresponding  to  the  common  electrokinetic  equation, 


Force 


=^m  \ 


'Cds 


r' 


we  shall  have,  for  a  moving  charge, 

mev 


Force  =  — o- 


whence 

[m^]E=[ML'T-'] (2) 

If  statements  like  these  are  in  the  main  correct,  and  after 
the  experiments  of  Rowland  we  are  bound,  I  suppose,  to 
believe  in  the  truth  of  something  of  the  kind,  they  ought  to 
remove  Dr.  Everett's  objection  (Phi!.  Mag.  June  1882,  p.  431) 
as  to  the  introduction  of  electrostatic  units  into  magnetism  ; 
unless  indeed  he  maintains  the  thesis — no  doubt  a  tenable  one 
— that  directly  you  begin  to  carry  a  charged  body  about,  the 
discussion  of  its  performances  no  longer  belongs  to  electro- 
stafics.) 

Returning  from  this  digression,  we  have  now^  to  ask  whether 
the  statements  above  made  are  really  definite  and  independent 
of  the  magnetic  properties  of  the  medium  surrounding  the 
circuits,  or  must  we  introduce  a  factor  to  express  the  influ- 
ence of  this  medium  when  it  is  other  than  air  ? 

Mr.  J.  J.  Thomson  has  instructively  raised  this  question 
(Phil.  Mag.  for  June);  and  he  and  others  at  Cambridge  consider 
it  a  matter  to  be  settled  by  experiment;  and  they  further  con- 
sider that,  in  order  to  agree  with  Maxwell's  view,  experiment 
ought  to  make  the  magnetic  effect  of  a  solenoid  and  its  air- 
equivalent  magnetic  shell  differ,  as  soon  as  they  are  both  intro- 
duced into  some  medium  for  which  /u,  is  not  unity.  Now, 
though  agreeing  with  this  as  far  as  it  goes,  I  venture  with 
diffidence  to  thiuk  that  Maxwell  would  have  drawn  a  distinc- 
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tion  between  the  medium  inside  the  region  of  the  solenoid 
corresponding  to  the  substance  of  the  magnetic  shell,  and  that 
outside.  He  over  and  over  again  lays  stress  upon  the  fact  that 
artificial  solenoids  can  only  be  compared  with  magnetic  shells 
for  the  space  outside  the  shells,  and  that  the  line  of  integration 
must  never  be  allowed  to  thread  the  circuits.  Let  us  follow  this 
out  and  see  what  it  means  when  applied  to  the  above  question. 

I  will  assume  it  possible  (for  it  certainly  is  theoretically 
possible)  to  imitate  any  steel  magnet  whatever  by  a  proper 
arrangement  of  electric  circuits,  both  being  at  present  im- 
mersed in  a  non-magnetic  {i.  e.  non-magnetizahle  or  /"-=!) 
medium.  The  two  arrangements  are  completely  equivalent 
for  all  the  region  outside  both — the  region  outside  both  being 
defined  by  the  shape  of  the  steel.  For  the  comparison  is  not  to 
be  urged  within  the  steel,  because  of  the  magnetized  surfaces, 
which  would  have  to  be  cut  through,  a  circumstance  which 
would  completely  alter  all  the  conditions  ;  and  it  is  not  to  be 
urged  within  the  region  of  space  near  the  solenoid  which  is  the 
counterpart  of  the  steel-occupied  region,  simply  because  here 
there  are  no  magnetized  surfaces  to  be  cut  through,  and  there- 
fore the  conditions  will  be  continuous. 

Now  take  some  non-magnetic  medium,  which  for  shortness 
I  will  call  "  clay,"  mould  it  into  the  shape  of  the  steel,  and 
place  it  in  or  around  the  solenoid  so  as  to  mechanically  define 
the  limits  of  the  "outer  region."  And  now  immerse  both 
magnet  and  solidified  solenoid  in  any  medium  for  which  /a 
differs  from  unity:  I  venture  to  assert  that  the  equivalence 
which  existed  in  air  will  be  entirely  maintained  in  the  mag- 
netic medium — even  though  that  medium  be  iron  or  bismuth, 
— and  that,  for  both,  the  magnetic  intensity  at  any  point  will 
be  its  air-value  divided  by  /i. 

Still  keeping  both  the  things  in  the  magnetic  medium, 
remove  the  clay  from  the  solenoid  and  permit  the  medium  to 
flow  into  the  space  it  occupied.  If  what  I  said  before  is  true, 
the  solenoid  will  now  be  too  strong  for  the  magnet,  for  the  mag- 
netic permeability  of  the  interior  will  increase  its  effect  /u,  times, 

while  that  of  the  exterior  will,  as  before,  diminish  it  -th  ;  so 

that  the  effect  of  the  solenoid  completely  immersed  in  the 
medium  is  precisely  the  same  as  it  was  when  in  air,  while  the 
effect  of  the  magnet,  from  whose  interior  the  magnetic  sub- 
stance is  of  necessity  excluded,  is  still  -  th  of  what  it  was  in 

air.     This  latter  seems  to  be  the  kind  of  experiment  which 
Mr.  J.  J.  Thomson  suggests  in  his  June  letter  (p.  429),  and 
Phil.  Mag.  S.  5.  Vol.  14.  No.  89.  Nov.  1882.  2B 
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which,  he  says,  Mr.  Sargant  then  intended  (and  I  hope  still 
intends)  to  carry  out. 

The  solenoid  being  now  completely  surrounded  with  homo- 
geneous magnetic  substance,  wall  a  portion  of  it  in  with  paper 
or  glass  to  the  shape  of  the  steel  of  the  magnet,  and  then  pull 
both  magnet  and  solenoid  out  into  the  air  again.  Naturally 
the  solenoid  will  still  be  /i  times  too  strong  for  the  magnet, 
but  no  further  discrepancy  need  be  expected ;  and  if  the  cur- 
rent of  the  solenoid  has  been  weakened  when  inside  the  mag- 
netic  medium  so  as  to  restore  the  disturbed  equivalence,  they 
will  remain  equivalent  when  the  region  external  to  both  is 
again  filled  with  common  air. 

These  statements,  if  in  their  essence  granted,  require  to 
make  them  complete  certain  provisos  about  the  boundary  of 
the  vessel  containing  the  magnetic  medium,  unless  it  be  infi- 
nitely large,  and  also  a  discussion  of  what  happens  in  the  case 
of  more  than  one  magnetic  medium.  But  the  magnetization 
of  bounding  surfaces,  and  the  accidents  which  happen  to  lines 
cutting  surfaces  of  discontinuity,  are  perfectly  understood  and 
need  not  be  here  entered  into. 

Moreover,  in  making  these  statements  I  am  merely  saying 
what  one  would  expect  to  happen  without  evidence  to  the  con- 
trary: but  I  am  not  for  an  instant  implying  that  direct  experi- 
mental investigation  is  unnecessary  and  would  not  be  highly 
desirable.  On  the  contrary,  I  think  it  would  be  most  desirable 
and  satisfactory  to  have  the  matter  thoroughly  sifted. 

Supposing,  then,  that  I  have  so  far  made  no  mistake,  we 
can  make  the  general  statement  of  the  equivalence  of  a  cur- 
rent and  a  magnet  thus — 

The  magnetic  moment  of  a  circuit  is  equal  to  the  strength  of 
its  current  multijjlied  hy  its  effective  area  and  again  multiplied 
hy  the  magnetic  inductive  capacity  {or  permeability)  of  the  medium 
in  the  interior  of  the  region  enclosed  by  the  contour  (ichich  region 
for  a  simple  plane  circuit  is  a  mere  shell),  but  is  loholly  inde- 
pendent of  the  magnetic  properties  of  all  the  rest  of  the  sur- 
rounding medium. 

The  corresponding  dimensional  equation  is 

Substituting  in  this  the  value  of  [in']  from  (1),  we  obtain  the 
relation 

[/-K]  =  i (3) 


whence 


K]-[f]*-[K-]-w  ■  w 
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These  relations  must  all  hold  in  any  consistent  system  of 
units,  since  they  express  physical  truths  ;  but  of  course  they 
are  not  all  independent.  The  number  of  independent  relations 
must  be  limited  by  the  number  of  fundamental  experiments, 
viz.  three — Coulomb,  Coulomb,  and  Oersted  ;  and  the  short- 
est way  of  writing  the  independent  relations  is  this  : — 

[/^e^]  =  [Km2]  =  [ML]  ) 
iind  J.    .     .     .     .     (5) 

The  electrostatic  convention  makes  [K]  =  l;  the   electromao-- 
netic  convention  makes  [/u.]  =  l. 


So  far  every  thing  being  pretty  clear  and  straightforward, 
we  have  now  to  ask  hoAv  it  was  that  Prof.  Clausius  should 
have  jumped  to  the  conclusion  that  IMaxwell  had  fallen  into 
error*,  or  else  that  he  held  a  theory  of  magnetism  different 
from  (and  not  merely  an  amplification  of)  Ampere's  and 
Weber'sf.  With  this  latter  horn  of  the  dilemma,  by  the  way, 
he  is  half  allowed  by  Mr.  J.  J.  Thomson  (September)  to  have 
succeeded  in  transfixing  Maxwell;  and  Dr.  Everett  (June)  is 
not  extremely  energetic  in  his  repudiation  even  of  the  alterna-. 
tive  of  the  first. 

Now  it  is  perfectly  true  that  Maxwell,  in  stating  the  current 
theory  of  magnetism,  says  without  any  kind  of  retraction  or 
hesitation  that  "  the  magnetic  action  of  a  small  plane  circuit 
at  distances  which  are  great  compared  with  the  dimensions  of 
the  circuit  is  the  same  as  that  of  a  magnet  whose  axis  is  noi-mal 
to  the  plane  of  the  circuit,  and  whose  magnetic  moment  is 
equal  to  the  area  of  the  circuit  multiplied  by  the  strength  of 
the  current and  if  a  magnetic  shell  ....  &c.  be  substi- 
tuted ....  then  the  magnetic  action  of  the  shell  on  all  distant 
points  will  be  identical  with  that  of  the  current.""  And  in  dis- 
cussing Ampere's  theory,  he  ignores  the  existence  of  magnetic 
media  whose  yu,  does  not  equal  1  as  completely  as  Prof.  Clausius 
could  wish. 

But  then,  according  to  Weber's  extension  of  Ampere's 
theory  (an  extension  I  suppose  universally  accepted),  the  pro- 
perties of  magnetic  substances  of  all  kinds  are  explained  by 
molecular  electric  currents,  and  no  magnets  or  magnetic  sub- 
stances other  than  those  consisting  of  current-conveying 
molecules  exist.     [And  with  reference  to   a  remark  of  Mr. 

*  Phil.  Mag.  Juue,  pp.  387  &  392.  t  Ibid.  August,  p.  126. 
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Thomson's  in  the  September  number,  p.  225, 1  may  say  in  pass- 
ing that  it  seems  to  me  that  Maxwell  held,  though  no  doubt 
tentatively  and  h^'pothetically,  the  view  that  electric  currents 
and  small  magnets  are  identical  and  not  only  equivalent.'] 

The  coefficient  /a  is  thus  foreign  to  Ampere's  theory  applied 
universally;  and  this  is  how  it  has  happened  that  Prof.  Clausius 
has  failed  to  recognize  its  existence  and  has  been  led  into  error*. 
A  system  dealing  with  Amperian  magnets  in  media  for  which 
yu.  does  not  equal  1  is  a  mongrel  combination  which  may  no 
doubt  be  occasionally  convenient  but  which  never  can  be 
thoroughly  satisfactory. 

We  may  accept  then  without  hesitation  Clausius's  presen- 
tation of  Maxwell's  views,  viz.  both  that  a  small  magnet  is  an 
electric  current,  and  that  magnetic  moment  alavats  equals 
simply  integral  current  x  area — remembering,  however,  that 
there  exist  currents  in  molecules  besides  the  gross  and  arti- 
ficial currents  in  our  copper  wires,  that  these  are  directed  by 
our  artificial  currents  and  add  to  their  effects,  and  that  in  all 
cases  they  are  most  distinctly  to  be  taken  into  account. 

In  air,  so  far  as  it  is  non-magnetic,  these  molecular  currents 
are  zero,  and  the  magnetic  induction  and  the  magnetic  force 
are  everywhere  equal ;  but  in  media  consisting  of  Amperian 

*  Very  many  errors,!  now  find;  for  he  has  also  ignored  K,  Faraday's  simple 
old  electrostatic  constant;  and  accordingly  his  equations  (1),  (2),  (4),  &c. 
express  mere  conventions  (if  they  were  any  thing  more,  then  truly  m^ 
would  have  to  equal  md^  and  es=ed,  as  be  begins  to  perceive  in  his  August 
letter) ;  while  his  general  equation  (3),  which  is  the  foundation  of  his 
reasoning,  is  quite  wrong,  and  is  indeed  at  the  bottom  of  the  whole  con- 
fusion. In  using  the  term  "error"  here,  I  would  be  understood  to  mean 
rather  "  divergency  from  o^^inions  commonly  held  in  this  country  "  than 
absolute  incorrectness  as  to  matter  of  fact.  For  it  would  not  be  becoming 
to  apply  the  latter  term  to  views  held  by  Prof.  Clausius  when  the  experi- 
mental foundation  of  opposing  views  is  confessedly  incomplete.  The 
views  held  by  Prof.  Clausius  are  no  doubt  perfectly  consistent,  and  would 
probably  be  in  accord  with  fact  if  only  the  medium  produced  no  effect 
such  as  it  is  here  commonly  supposed  to  produce ;  and  whether  the  me- 
dium does  or  does  not  produce  such  an  effect  appears  to  some  extent  at 
present  a  subject  of  legitimate  debate  and  a  matter  for  experimental 
investigation.  It  will  be  understood  therefore,  that  in  stating  one  side 
strongly  I  have  been  influenced  by  the  wish  to  be  clear,  rather  than  with 
the  desire  to  dogmatize. 

Since  the  above  letter  was  in  type  Dr.  Francis  has  kindly  called  my 
attention  to  a  paper  by  Prof.  Ilelmholtz  in  Wiedemann's  Annalen^  No.  9, 
1882,  to  which  I  might  have  further  referred  if  I  had  known  of  it  in 
time.  As  far  as  I  can  hurriedly  understand  his  position,  Prof.  Helmholtz 
in  part  endeavours  to  reconcile  the  views  of  INIaxwell  and  of  Clausius  by 
throwing  a  doubt  upon  the  Wt- ber-Ampere  theory ;  and  in  fact  he  appeals 
to  pure  physicists  not  to  abandon  the  old  electrostatic  for  the  more  cum- 
brous and  less  surely  founded  electromagnetic  system. 

[A  translation  of  Professor  Ilelmholtz's  paper  will  appear  in  our  next 
number. — Ed.  Phil.  Mag.j 
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molecules  there  is  an  extra  magnetic  induction,  due  to  the 
pointing  of  these  along  the  lines  of  force,  which  is  47r  times 
the  magnetization,  and  which  has  to  be  added  to  the  other, 
thus  making  the  total  magnetic  induction  at  any  point  yu,  times 
the  magnetic  force  there. 

The  effect  of  the  medium  is  a  physical  fact;  and  no  theory 
can  presume  really  to  dispense  with  the  constant  fi.  All  that 
the  Amperian  theory  does  is  to  give  a  physical  interpretation 
to  it,  and  to  render  one  independent  of  it  so  soon  as  one  takes 
account  of  every  current-conveying  circuit,  whether  molecular 
or  other,  existing  in  the  field,  and  does  not  arbitrarily  elect  to 
deal  only  with  those  gross  solenoids  which  we  can  excite  and 
immediately  control  by  batteries. 

There  can  be  no  doubt,  I  think,  that  the  mind  of  Maxwell 
on  this  subject,  as  on  most  others,  was  as  clear  as  daylight ; 
and  so  far  from  falling  into  the  least  suspicion  of  an  error,  he 
expresses  himself  in  art.  615  (1st  edit.)  almost  as  if  he  were 
joining  in  the  present  discussion,  saying  : — 

"  There  is  one  result  ....  which  is  of  very  great  importance. 
If  we  suppose  that  no  magnets  exist  in  the  field  except  in  the 
form  of  electric  circuits,  the  distinction  which  we  have  hitherto 
maintained  between  the  magnetic  force  and  the  magnetic 
induction  [and  therefore  also  the  difference  /i  — 1]  vanishes, 
because  it  is  only  in  magnetized  matter  that  these  quantities 
differ  from  each  other.     According  to  Ampere's  hypothesis 

the  properties  of  what  we  call  magnetized  matter  are 

due  to  molecular  electric  currents,  so  that  it  is  only  when  we 
regard  the  substance  in  large  masses  that  our  theory  of  mag- 
netization is  applicable  ;  and  if  our  mathematical  methods  are 
supposed"  capable  of  taking  account  of  what  goes  on  within 
the  individual  molecules  they  will  discover  nothing  but  elec- 
tric circuits,  and  we  shall  find  the  magnetic  force  and  the 
magnetic  induction  everywhere  identical.  In  order,  however, 
[N.B.]  to  be  able  to  make  use  of  the  electrostatic  or  of  the 
electromagnetic  system  of  measurement  at  pleasure  we  shall 
retain  the  coefficient  fi,  remembering  that  its  value  is  unity 
in  the  electromagnetic  system." 

I  am,  Gentlemen, 

Your  obedient  servant. 

University  Collej^e,  Liverpoob  OLIVER  J.  LoDQE, 

September  28,  1882. 
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XLI.    On  the  Electric  Discharge  in  Rare/led  Gases. 
By  Dr.  EuGEN  Goldstein*. 

I.t 

I  HAVE  shown  in  two  former  papers  t^,  and  more  com- 
pletely in  my  book  '  A  New  Form  of  Electrical  Repul- 
sion '  (published  by  Springer,  Berlin),  that  the  discharge 
cannot  be  eflPected  by  the  actual  projection  of  gas-particles. 
The  same  considerations  which  oppose  the  theory  of  the  pro- 
pagation of  electricity  by  projected  gas-particles,  also  at  once 
exclude  the  assumption  that  other  ponderable  particles,  having 
access  to  the  space  in  which  the  discharge  takes  place,  play 
any  essential  part  as  carriers  of  electricity  in  the  discharge. 
Such  particles  might  consist  of  disintegrated  portions  of  the 
substance  of  the  electrodes,  particles  of  the  wall  of  the  vessel, 
or  of  dust. 

The  theory  that  the  kathode-rays  at  any  rate  are  produced 
by  projected  particles  of  the  substance  of  the  electrodes  has 
been  recently  defended  by  Gintl§  and  Puluj||.  Numerous 
argumentsTf  may  be  urged  against  it,  over  and  above  those 
which  are  at  the  same  time  opposed  to  a  special  convection  by 
the  particles  of  the  gas.  I  will  briefly  mention  one  or  two 
points.  I  have  mentioned  on  a  former  occasion**  that  a  system 
of  pores  in  an  insulator,  or  a  single  opening  of  relatively  small 
dimensions,  sends  out  rays  whose  properties  are  equivalent  to 
those  of  the  rays  which  issue  from  a  metallic  kathode.  The 
rays  of  narrow  openings,  for  example,  possess  the  property  of 
rectilinear  radiation,  and  of  exciting  phosphorescence,  which 
cannot  here  be  explained  by  a  projection  of  the  substance  of 
the  pole. 

Kathodes  imitated  by  systems  of  pores  represent  special 
cases  of  the  phenomenon  of  secondary  negative  light,  which  is 

*  Translated  from  the  Annalen  der  Physik  und  Chemie,  1881,  new 
series,  vol.  xiii.     Communicated  by  the  Author. 

t  The  readers  of  this  Magazine  will  find  that  some  observations  and 
conclusions  in  the  first  chapter  of  the  above  paper,  concerning  the  conduc- 
tivity of  vacuum,  do  not  differ  from  the  views  expressed  by  Prof.  Edlund 
in  a  paper  reprinted  in  the  January  number  of  the  Philosophical  Magazine 
for  1882.  I  beg  to  mention  therefore,  that  my  paper  appeared  in  print 
in  the  February  number  (1881)  of  Wiedemann's  Atmalen,  and  that  Prof. 
Edlund  presented  his  to  the  Royal  Swedish  Academy,  April  23,  1881. 

X  Phil.  Mag.  [5]  X.  pp.  173  &  234. 

§  Gintl, '  Studies  of  Crookes's  Eadiant  Matter  '  (Prague,  1880). 

II   Puluj,  SHzunqsherichte  Wien.  Akad.  1880,  p.  864. 

11  E.Wiedemann (AVied.  Ami.  x.  p.  252, 1880, Phil. Mag.  x.  p.418)thinks 
it  possible  to  conclude  from  Zahn's  experiments  (Wied.  Ann.  viii.  p.  675, 
1879)  that  the  view  of  Gintl  and  Puluj  is  untenable. 
♦•  Phil.  Mag.  X.  p.  177. 
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produced  with  the  properties  of  rectihnear  propagation,  exci- 
tation of  phosphorescence,  &c.,  at  openings  of  any  width,  if 
these  openings  occur  in  diaphragms  or  in  tubes  connecting 
vessels  or  introduced  into  them,  the  area  of  which  is  consider- 
able in  comparison  with  the  diameter  of  the  opening.  A  con- 
sideration of  these  bundles  of  rays  possessing  the  properties  of 
the  kathode-light  issuing  from  wide  openings  also  protects  the 
experiments  on  narrow  openings  against  the  objection  that  the 
coincidence  of  their  rays  with  the  kathode-rays  depends  on  a 
conductive  action  of  particles  of  the  insulating  substance 
M'hich  might  possibly  be  torn  off  from  the  edges  of  the  opening. 

It  has  further  been  shown*  that  the  positive  light  also  pos- 
sesses the  property  of  rectilinear  propagation,  and  of  exciting 
phosphorescence  when  the  exhaustion  has  been  carried  far  ; 
it  does  not  seem  to  be  reasonable  to  adopt  an  explanation  for 
the  phenomena  of  the  kathode-light  the  principle  of  which  is 
not  applicable  to  the  exactly  similar  properties  of  the  positive 
light. 

The  most  convincing  proof,  however,  is  given  by  the  fol- 
lowing observation,  which  I  have  made  in  experiments  on  the 
kathodic  deflection.  This  last  name  was  proposed  in  the 
book  referred  to  above  for  the  deflection  of  the  electric  rays 
there  described,  of  which  I  have  made  use  f  in  determining 
the  velocity  with  which  the  electricity  propagates  itself.  I 
may  assume  it  to  be  known  that  a  kathode  of  aluminium  pro- 
duces no  deposit  on  the  walls  of  the  tube  even  after  several 
hours'  use,  whilst  a  kathode  of  platinum  of  no  great  thickness 
soon  produces  a  completely  opaque  metallic  deposit  on  the 
part  of  the  tube  played  upon  by  the  kathode-light.  Two 
straight  smooth  wire  electrodes,  a  and  h,  are  inserted  in  the 
end  of  a  cylindrical  discharge-tube  parallel  to  the  axis  of  the 
tube.  If  both  are  made  at  the  same  time  kathodes  of  the  same 
discharge,  then  each  of  the  two  wires  causes  a  deflection,  in  the 
rays  of  the  other  which  pass  by  near  to  it,  of  the  nature  of  a 
repulsion.  We  have  then,  as  already  described,  two  sharply- 
bounded  surfaces,  of  which  the  one  receives  no  rays  from  a, 
whilst  none  of  the  electric  rays  emitted  by  h  fall  upon  the 
other.  At  the  density  of  gas  favourable  to  the  production  of 
phosphorescence,  both  surfaces  are  distinctly  seen  upon  the 
surrounding  brilliantly  phosphorescing  surface.  This  pheno- 
menon is  also  observed  when  one  of  the  kathodes  a  is  of  pla- 
tinum, until  the  increasing  thickness  of  the  platinum-deposit 
prevents  the  phosphorescence  of  the  wall. 

According  to  the  view  of  Grintl  and  Puluj,  that  portion  of 
the  glass  wall  on  which  no  rays  fell  from  the  platinum  elec- 
*  Phil.  Mag.  X.  p.  236.  f  Ibid.  p.  246. 
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trode  ought  evidently  to  remain  free  from  the  platinum  deposit. 
If,  however,  we  examine  the  glass  wall,  we  find  that  the  sur- 
face from  which  the  kathode-rays  are  deflected — as  determined 
at  high  pressures  by  the  visibility  of  the  blue  rays  themselves, 
and  at  low  pressures  by  means  of  the  phosphorescence  which 
they  excite — is  just  as  thickly  covered  icith  the  platinum  as  the 
surt'ounding  portion  of  the  loall,  and  exactly  as  we  observe  to 
be  the  case  in  cylinders  where  the  platinum  wire  alone  acts 
as  kathode  while  h  is  not  excited.  It  follows  that  the  rays  of 
the  kathode-light  are  deflected,  but  not  the  projected  particles 
of  the  electrode  ;  the  two  cannot  therefore  be  essentially  con- 
nected. 

The  discharge  is  therefore  not  to  be  explained  by  a  projec- 
tion of  material  particles,  either  of  the  substance  of  the  elec- 
trodes or  of  the  gas.  It  follows  from  the  experiments  on  the 
order  of  magnitude  of  the  velocity  of  propagation  of  electricity, 
taken  together  with  the  views  held  on  the  constitution  of  gases, 
that  the  assumption  of  oscillations  of  these  particles  does  not 
afford  a  satisfactory  explanation,  and  the  assumption  of  motions 
of  rotation  remains  equally  unfruitful.  The  wall  of  the  con- 
taining vessel  is  not  altogether  neutral  in  the  passage  of  elec- 
tricity through  the  space  enclosed  by  it ;  it  shows  itself 
phenomena  of  charge  and  discharge  which  appear  to  be  not 
altogether  without  influence  upon  the  main  discharge  between 
the  metallic  electrodes.  If  we  wish  to  go  so  far  as  to  ascribe 
to  particles  possibly  torn  off"  from  the  walls  of  the  vessel  when 
they  are  discharged  the  same  function  which,  in  the  view  just 
considered,  gas-particles  or  electrode-particles  were  unable  to 
perform,  this  assumption,  quite  apart  from  all  new  objections, 
is  open  to  all  the  objections  urged  against  the  previous  hypo- 
thesis. 

Recent  investigations  have  shown  that  the  dust  suspended 
in  gases  plays  an  important  and  previously  unsuspected  part 
in  the  loss  of  electricity  suffered  by  feebly-charged  conductors 
in  the  open  air,  or  in  gases  not  specially  purified.  In  almost 
all  cases  in  which  we  have  hitherto  regarded  a  mass  of  gas  as 
a  carrier  of  statical  electricity,  we  must  now  regard  the  dust 
suspended  in  the  gas,  in  cases  where  drops  of  liquid  cannot  be 
present,  as  the  only  vehicle  of  the  electricity.  We  might 
easily  imagine  an  hypothesis  ascribing  a  similar  essential  func- 
tion to  the  dust  in  gases  in  the  case  of  current  electricity  as 
in  the  case  of  statical  electricity,  but  that  the  objections  we 
have  previously  considered  might  easily  be  employed  to  refute 
an  assumption  of  the  kind. 

The  discharge  cannot  then  in  general  be  explained  by  the 
motions  of  ponderable  particles  ;  it  follows  therefore  directly 
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from  the  experiments  which  prove  this,  that  that  medium 
must  be  essentially  concerned  in  the  discharge  which,  accord- 
ing to  our  present  views,  together  with  the  gas-molecules,  the 
particles  of  the  electrodes  of  the  walls,  and  any  other  solid 
substances  which  may  be  present,  occupies  the  space  in  which 
the  discharge  takes  place — that  is  to  say,  the  aether. 

According  to  my  view,  the  discharge  is  a  process  which 
takes  place  in  the  free  cether.  I  have  already  indicated  this 
view  in  the  work  already  several  times  mentioned,  and  Avill 
now  give  other  evidence  supporting  the  observation  made 
there. 

Hittorf*  found  that  the  resistance  of  the  positive  light 
always  decreased  as  the  exhaustion  of  the  gas  increased  ;  on 
the  other  hand,  he  thinks  he  has  shown  that  the  resistance 
increases  with  the  exhaustion  in  the  kathode-light  and  at  the 
surface  of  the  kathode.  Changes  in  the  form  and  magnitude 
of  the  anode  have  no  influence  on  the  resistance.  The  great 
resistance  which  offers  itself  to  the  discharge  at  an  extreme 
exhaustion,  and  finally  leads  to  its  extinction  in  a  vacuum  as 
perfect  as  possible,  depends  therefore  altogether  upon  the 
resistance  at  the  surface  of  the  kathode  and  in  the  space  filled 
by  the  kathode-light.  After  I  had  recognized  that  the  pecu- 
liarities of  the  negative  light  might  be  produced  at  any  point 
whatever  of  the  column  of  positive  light  by  simple  changes  in 
the  cross  section  of  the  discharge-tube,  and  that  each  separate 
stratification  of  positive  light  is  nothing  else  than  a  modified 
bundle  of  negative  light,  this  opposition  between  kathode- 
light  and  positive  light  appeared  to  me  just  as  doubtful  as 
already  a  number  of  other  supposed  differences  between  the 
two,  which  I  had  found  not  to  exist. 

I  found  in  fact  that,  exactly  as  with  the  positive  light,  the 
resistance  of  the  kathode-light  at  smcdl  pressures  becomes  vanish- 
ingly  small  in  comparison  with  the  total  resistance  of  the  dis- 
charge. Hence,  since  no  specific  resistance  exists  at  the  anode, 
and  since  further,  as  already  mentioned,  the  resistance  of  the 
positive  light  vanishes  in  comparison  with  the  total  resistance 
of  the  discharge,  it  follows  that  the  resistance  to  the  discharge 
at  very  small  pressures  takes  place  entirely  at  the  surface  of  the 
kathode. 

My  experiments  on  this  subject  were  not  made  by  means  of 
a  galvanometer,  like  those  of  Hittorf,  but  by  means  of  the 
spark-micrometer,  which  is  here  much  more  efficient.  The 
spark-micrometer  was  included  in  a  second  circuit  connecting 
the  electrodes,  and  the  distances  of  the  poles  of  the  micrometer 
compared  for  the  different  densities  of  gas  and  lengths  of 
*  Hittorf,  Pogg.  Ami.  cxxxvi.  p.  1  (1869). 
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kathode-lipjht  at  whicli  the  currents  of  the  inductorium  either 
cease  to  pass  through  the  exhausted  tube  or  else  pass  no  longer 
through  the  micrometer*. 

*  The  distances  of  the  balls  of  the  spark-micrometer  con-espondirig  to 
these  two  alternatives  are  not  exactly  identical.  The  discharges  do  not 
pass  exclusively  through  the  exhausted  tube  up  to  a  certain  distance  of 
the  balls,  and  then  with  a  certain  small  decrease  of  this  distance  exclu- 
sively across  the  air-space  between  the  balls ;  but  between  the  distances 
of  the  baUs  at  which  the  spark  takes  one  only  of  the  two  coiu'ses  open  to  it 
are  to  be  found  positions  of  the  micrometer  at  which  both  paths  are  taken 
— sometimes  the  one,  sometimes  the  other — and  the  one  path  the  less  fre- 
quently the  nearer  we  come  to  the  distance  at  which  the  other  is  taken 
alone.  This  apparently  unstable  character  of  the  resistance  in  the  tube 
does  not  affect  the  accuracy  of  the  measurements  here  in  question ;  we 
may  compare  the  resistances  by  comparing  the  distances  of  the  balls 
apart  at  which  for  a  certain  fixed  time,  say  two  minutes,  no  spark  passes 
in  the  tube  or  between  the  poles  of  the  micrometer.  The  distances  so 
measured  agi-ee  upon  repetition  to  -^^  millim. — that  is  to  say,  to  a  fraction 
of  1  per  ceut.  of  the  distance  measured.  The  alternation  of  the  discharges 
with  certain  distances  of  the  balls  no  doubt  depends,  partly  at  least,  upon 
the  same  cause  as  the  following  phenomenon,  which  I  have  observed  in 
the  same  experiments,  and  which,  as  far  as  I  know,  has  not  been  pre- 
viously described. 

If  we  include  the  spark-micrometer  in  a  branch  circuit  of  an  exhausted 
tube  which  transmits  both  the  discharge  at  "make"  and  that  at  "  break," 
then,  if  the  distance  between  the  balls  of  the  micrometer  be  gradually 
diminished,  the  cun-ent  at  "break"  completely  leaves  the  tube  and  passes 
altogether  in  the  free  air,  whilst  that  at  "  make  "  continues  to  traverse  the 
tube  with  imdiminished  light.  Consequently  we  are  able  to  study  the 
discharge  of  the  "  make  "  cun-ent  in  the  exhausted  gas  separate  fi-om  that 
of  the  "  break  "  current ;  whereas  hitherto  a  separation  of  the  two  currents 
has  been  effected  by  introducing  an  air-break  in  the  direct  circuit  inclu- 
ding the  tube,  with  which  an-augenieut  the  tube  is  traversed  only  by  the 
discharge  due  to  the  "break"  current.  The  reason  of  this  phenomenon 
may  lie  in  the  different  maximum  tension  of  the  current  on  "  making  " 
and  "  breaking  "  contact,  and  may  coiTespond  to  the  observation  of  tele- 
graphists, that  discharges  of  great  tension  (as  observed  in  electrical 
storms)  will  sooner  traverse  a  short  distance  through  air  in  the  form  of  a 
spark  than  ti-averse  a  long  metallic  circuit  in  the  form  of  a  current. 

Such  phenomena  show  that  in  the  case  of  discharge  through  gases,  the 
division  of  currents  cannot  be  calculated  according  to  Ohm's  law.  This 
we  see  from  the  so-called  Holtz's  "  funnel-tubes."  If  two  similar  tubes 
are  placed  opposite  to  each  other  side  by  side  in  the  same  induced  currrent, 
then  at  suitable  pressure  of  gas  the  current  does  not  subdivide  itself  be- 
tween the  two  in  any  definite  ratio  to  the  resistances  of  the  tubes,  but 
the  one  tube  remains  entirely  dark,  the  current  goes  altogether  through 
the  other. 

The  law  according  to  which  currents  divide  when  the  discharge  takes 
place  in  gas  must  therefore  be  investigated  empirically  in  the  fu'st  place. 
I  take  this  opportunity  of  remarking  that  I  have  made  an  erroneous 
assumption  on  this  subject  in  a  series  of  experiments  in  my  book  pre- 
viously referred  to,  which,  however,  does  not  actually  afiect  the  result 
obtained.  I  believed  myself  justified  in  assuming  as  the  evidence  of 
certain  phenomena  (p.  140),  that  if  a  part  of  the  discharge  traverse  a  me- 
tallic circuit  from  the  kathode  a  to  an  electrode  b,  and  then  the  resistance 
of  a  moistened  thread  be  introduced  between  b  and  a  wire  c,  that  then  the 
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One  of  the  experimental   tubes  is  represented   in  fig.    1. 
A   cjlindrical  tube  is  ])rovided  with    a  flat  kathode  placed 


at  right  angles  to  the  axis  of  the  tube,  and  nearly  as  large 
as  the  section  of  the  tube.  The  anode  is  placed  close  in 
front  of  it,  or  in  other  cases  consists  of  a  verj  short  wire 
in  the  plane  of  the  kathode  itself.  Inside  the  cylinder  is 
a  movable  partition  c,  consisting  of  a  short  glass  cylinder  ter- 
minated by  a  plane  surface  at  the  end  turned  towards  the 
kathode.  In  accordance  Avith  what  I  have  noted  on  former 
occasions*,  the  positive  light  disappears  for  such  an  arrange- 
ment of  the  electrodes  when  the  exhaustion  has  reached  a 
certain  limit,  or  it  is  confined  to  the  immediate  neighbourhood 
of  the  anode  ;  the  kathode-light,  on  the  other  hand,  expands 
to  any  extent  if  the  exhaustion  is  sufficient,  and  the  expansion 
of  its  rays  is  limited  only  by  their  striking  upon  a  solid  wall. 
Hence,  when  a  sufficient  exhaustion  has  been  reached,  we  can 
vary  the  expansion  of  the  kathode-rays  within  wide  limits  by 
sliding  the  piece  c  (by  inclining  the  discharge-tube  and  tap- 
ping it)  along  the  tube;  since  its  length  is  always  equal  to  the 
distance  between  the  kathode  and  the  end-surface  of  the 
movable  cylinder,  which  can  be  moved  right  up  to  the  anodef. 

If  now  the  expansion  of  the  kathode-light  is  made  to  vary 
in  the  ratio  1  :  30,  the  total  resistance  of  the  discharge  at  low 
pressures  does  not  alter  so  much  as  in  the  ratio  1  :  1"05. 
Hence  the  resistance  of  the  kathode  is  a  vanishing  quantity  in 
comparison  with  the  resistance  at  the  surface  of  the  kathode. 

Hence  we  see  that  the  resistance  of  the  whole  quantity  of 
gas  contained  in  a  discharge-tube  becomes  smaller  the  more 

density  of  the  discliarge  at  a  is  not  chaug-ed.  There  is  in  fact  a  certain 
change ;  but  its  influence  upon  the  phenomena  considered  in  the  place 
referred  to  is  so  small  that,  upon  repetition  of  these  experiments  with 
actual  constancy  of  density  at  a,  results  were  obtained  partly  exactly  cor- 
resp'onding,  partly  nearly  corresponding. 

The  examples  given  on  p.  149  for  the  magnitude  of  the  deflective 
power  in  a  particular  case  consequently  represent  these  values  at  least 
very  nearly.  The  same  method  was  employed  (p.  131)  to  confirm  a  result 
obtained  by  two  other  methods ;  so  that  the  result  given  there  is  not 
affected  by  the  failure  of  the  experiment  in  question. 

*  Goldstein,  Phil.  Mag.  iv.  p.  362 ;  'A  new  Form  of  Repulsion,'  p.  8. 

t  In  order  to  resist  blows  without  deformation,  the  anode  in  these  cases 
was  made  of  strong  iron  or  steel  wire. 
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the  density  of  the  gas  is  diminished  ;  the  space  in  ■which  the 
discharge  takes  place  conducts  better  the  less  gas  it  contains  ; 
and  since  this  change  is  always  in  the  same  direction  while 
the  density  is  continuously  reduced,  so  far  as  the  experiments 
can  be  extended,  we  must  conclude  that  the  greatest  conduc- 
tivity would  be  obtained  after  complete  removal  of  the  gas. 
But  after  complete  removal  of  the  gas  the  discharge-space 
contains  only  free  cether ;  and  I  therefore  regard  this  as  the 
true  medium  of  the  discharge.  Any  gas  present  seems  to  act 
only  as  a  hindrance  to  the  aether. 

Detailed  speculations  on  the  concrete  form  of  the  motion  of 
the  free  £ether  to  which  the  discharge  is  due  are,  in  my 
opinion,  premature. 

We  are  not  justified  in  regarding  the  discharge  as  essen- 
tially a  progressive  motion  of  the  aether  so  long  as,  on  the  one 
hand,  we  regard  Doppler's  principle  as  valid  in  optics,  and,  on 
the  other  hand,  refuse  to  attach  any  considerable  value  to  the 
progressive  motion  of  gas-particles  in  the  discharge.  We 
must'  then  ascribe  to  the  motion  of  the  aether  amongst  the 
relatively  stationary  gas-molecules  an  optical  effect  precisely 
similar  to  that  produced  by  the  motion  of  gas-molecules  in 
aether  at  rest.  Experiments  on  the  constancy  of  gaseous 
spectra  when  observed  in  directions  parallel  and  at  right 
angles  to  that  of  the  electric  rays,  show  at  once  the  absence 
of  progressive  motion  of  the  aether  (of  velocity  comparable 
"with  the  velocity  of  propagation  of  the  ray-discharge),  after 
we  have  shown  by  other  experiments*  the  relatively  stationary 
condition  of  the  gas-molecules. 

It  appears  to  me  safest  to  characterize  the  motion  of  the 
aether  in  discharge  as  radiant,  in  accordance  with  what  has 
been  previously  statedf.  Every  particle  concerned  in  a  pencil 
of  negative  light  assumes  the  same  form  of  motion  which  is 
excited  at  the  point  of  origin  of  the  pencil. 

The  behaviour  of  the  discharge  towards  magnetic  forces  has 
frequently  been  brought  forward  in  support  of  the  view  that 
the  gas-mass  forms  the  medium  of  the  discharge,  since  this 
behaviour  may  obviously  be  explained  by  regarding  the  gas- 
molecules  as  carriers  of  electricity.  If  the  magnet  acts  upon 
the  positive  light  of  an  equatorially-placed  cylindrical  tube 
with  electrodes  at  the  end,  and  finally  compresses  the  light 
which  at  first  filled  the  width  of  the  tube  into  a  thin  thread 
lying  in  the  equatorial  plane  against  the  wall  of  the  tube,  it  is 
generally  assumed  that  the  gas-molecules  are  compressed 
together  with  the  electricity;  I  have  not  found  this  confirmed. 

*  Goldstein,  'A  New  Form  of  Electric  Repulsion,'  Chap.  IV. 
t  Phil.  Mag.  X.  p.  181. 
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A  piece  of  metallic  sodium  was  introduced  iuto  a  cjdindrical 
vessel  4  centim.  in  width  and  more  than  20  centim.  long,  having 
the  electrodes  at  its  ends;  and  the  tube  was  then  quickly  filled 
with  dry  nitrogen.  After  the  tube  had  been  so  far  exhausted 
that  its  positive  light  filled  the  section  of  the  tube,  the  sodium 
was  brought  upon  a  part  of  the  wall  of  the  cylinder,  in  a  hori- 
zontal position,  played  upon  by  the  positive  light.  The  sodium 
was  next  warmed  until  no  more  hydrogen  was  evolved,  the  tube 
was  refilled  with  fresh  nitrogen,  and  exhausted  again  to  the 
same  density  as  before.  The  sodium  is  then  heated  strongly 
until  it  begins  to  volatilize,  and  the  discharge,  which  was 
reddish  purple  before,  assumes  a  golden-yellow  colour  in  its 
neighbourhood.  If  the  heating  be  carefully  managed,  it  is  seen 
that  the  sodium  vapour  diffuses  itself  very  slowly;  so  that  the 
discharge  in  the  upper  part  of  the  tube  still  shows  the  red 
colour  due  to  the  nitrogen,  whilst  it  is  of  a  golden  yellow  in 
the  lower  part  of  the  tube.  If  the  tube  be  brought  in  a  hori- 
zontal and  equatorial  position  near  to  a  strong  magnet,  whose 
poles  are  so  placed  that  the  positive  light  is  drawn  upwards, 
the  discharge,  which  at  first  filled  the  whole  width  of  the  tube, 
is  concentrated  into  a  thread  of  greater  or  less  tenuity  against 
the  upper  surface  of  the  tube.  But  this  thread  possesses  the 
pure  purple  colour  of  the  nitrogen  discharge  without  any  trace 
of  the  sodium-yellow.  The  sodium  vapour  is  consequently  not 
displaced  by  the  magnet,  together  with  the  current,  as  we  are 
accustomed  to  see  with  movable  carriers  of  electricity;  the 
current  seems  to  obey  the  magnet  with- 
out affecting  the  gas-molecules.  The 
result  is  exactly  the  same  in  ex])eri- 
ments  '  made  with  the  Holtz  machine 
instead  of  the  induction-coil. 

I  have  further  examined  whether  it 
is  possible  to  recognize  a  transport  of 
gas-molecules  by  means  of  the  magnet, 
in  the  local  increase  of  density  which 
must  result  from  the  assumed  transport 
in  a  closed  space  traversed  by  the  dis- 
charge. Two  discharge-tubes,  A  and  B, 
fig.  2,  were  joined  together  in  the  man- 
ner shown  by  means  of  a  tube  in  which 
a  stopcock  was  inserted.  A  second  stop- 
cock at  the  end  of  a  short  tube  shuts  B 
off  from  the  pump  during  the  time  oc- 
cupied by  an  experiment.  The  cylin- 
drical portions  of  A  were  sufficiently  long  to  show  stratified 
positive  light,  at  least  in  the  cylinder  containing  the  anode, 
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when  pure  dry  air  was  employed.  The  distance  between  the 
similar  boundaries  of  the  different  layers,  or  the  number  of 
layers  in  a  given  distance,  is  a  very  delicate  test  for  change  of 
density  in  the  gas.  Changes  in  the  residual  gas  which  corre- 
spond to  less  than  yoq  millim.  mercury  are  shown  by  very 
marked  changes  in  the  interval  between  the  layers*. 

The  current  of  a  coil  was  first  sent  through  A,  the  number  of 
layers  in  the  anode-cylinder  determined,  and  the  boundary  of 
each  on  the  kathode-side  marked  on  the  tube  with  ink,  thus 
marking  the  size  of  each  layer.  The  current  was  regulated  so 
as  to  give  perfectly  steady  stratifications.  Opening  and  closing 
the  tap  h,  before  or  after  turning  on  the  current,  did  not  affect 
the  position  of  the  stratifications.  The  combination  was  now 
brought  near  to  an  electromagnet  while  the  current  was  pass- 
ing and  while  the  tap  h  was  open,  the  poles  of  the  magnet 
being  so  placed  that  the  discharge  appeared  compressed 
towards  the  side  of  the  tube  B  furthest  from  the  tube  A.  If 
this  concentration  of  the  discharge  depended  upon  an  increase 
in  density  of  the  gas,  then  the  gas  in  B  outside  the  column 
along  which  the  discharge  passes  must  be  rarefied,  and  gas 
from  A  would  enter  and  rarefaction  in  A  would  result.  After 
a  few  seconds  A  was  closed,  the  current  of  the  magnet  was 
interrupted,  the  tube  removed  from  the  neighbourhood  of  the 
magnet  to  guard  against  the  effect  of  any  residual  magnetism, 
and  the  discharge  again  sent  through  A.  The  number  and 
position  of  the  layers  were  found  to  be  exactly  the  same  as 
before  the  action  of  the  magnet  on  the  discharge. 

The  same  result  was  obtained  by  operating  as  follows  : — 
The  initial  density  of  the  stratified  discharge  of  an  induction- 
coil  through  A  was  noted;  then,  after  interrupting  the  current 
of  the  coil,  the  rapidly  following  discharges  of  a  powerful 
Holtz  machine  were  sent  through  B;  and  this  discharge  was 
subjected  to  the  action  of  the  magnet.  On  now  again  pass- 
ing the  current  of  the  coil  through  A,  there  was  no  sign  of 
any  change  in  density;  any  change  which  had  taken  place 
must  therefore  have  been  less  than  yoo  millim.  mercury;  on 
the  other  hand,  the  change  of  density  necessary  to  produce 
(when  possible)  effects  upon  the  discharge,  similar  to  those 
produced  by  the  action  of  the  magnet  at  constant  density, 
must  be  measured  by  centimetres  of  mercury.  The  theory 
which  makes  the  gas  molecules  the  carriers  of  the  current  is 
therefore  in  no  way  supported  by  experiments  with  the  magnet. 

The  view    which  1   take    of  the   part   played  in  the  dis- 

*  By  the  interval  between  two  consecutive  layers  I  understand  here 
and  elsewhere  the  distance  between  the  bounding  surfaces  turned  towards 
the  negative  pole. 
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charge  by  the  free  gether  is  commonly  supposed  to  be  refuted 
(where  it  is  mentioned  at  all  as  a  possible  case,  e.  g.  in  text- 
books) by  a  reference  to  the  experience  of  spectrum-analysis. 
If  the  aether  were  the  vehicle  of  the  discharge,  it  is  said,  all 
gases  would  give  the  same  spectrum — the  spectrum  of  aether — 
w^hen  subjected  to  the  discharge.  But  since  each  gas  has  a 
special  characteristic  spectnim,  the  gass  mass  must  be  regarded 
as  the  conductor  of  the  electricity.  But  it  is  well  known  that 
the  aether  itself  has  no  power  of  emitting  light.  The  fact  that 
it  has  no  "  spectrum  "  is  therefore  no  evidence  that  it  cannot 
conduct  electricity.  With  equal  justice  it  might  be  argued 
that  the  phenomena  of  light  and  heat  due  to  a  current  can 
only  be  produced  in  the  molecules  of  the  conducting  substance; 
every  conductor  in  whose  mass  non-conducting  particles  are 
embedded  proves  the  contrary.  The  luminosity  of  a  gas  pro- 
duced by  the  discharge  depends  entirely  upon  its  molecules 
possessing  the  form  and  period  of  oscillation  which  are  neces- 
sary for  the  emission  of  visible  rays.  That  this  vibrating 
motion  is  accompanied  by  motion  due  to  electricity,  executed 
by  the  particles  themselves  or  their  sether-envelopes,  does  not 
seem  to  be  necessary;  but,  as  the  phenomena  of  fluorescence 
and  phosphorescence  in  sunlight  show,  the  molecules  of  bodies 
may  execute  motions  of  the  form  and  period  of  the  vibrations 
of  light  by  taking  up  the  vibrations  of  the  surrounding  free 
aether. 

I  assume  that  a  similar  process  take  place  when  a  gas  is 
rendered  luminous  by  the  electric  discharge.  The  discharge 
itself  represents  a  motion  of  the  free  aether,  and  is  in  itself 
non-luminous.  This  motion  of  the  aether  disappears,  being 
communicated  to  the  gas-molecules  and  their  constituent 
atoms ;  the  particles  of  each  molecule  then  vibrate  in  accord- 
ance with  their  special  structure  and  the  conditions  as  to 
elasticity  of  the  molecule,  and  communicate  again  to  the 
jether  the  transversal  vibrations  so  produced  as  such;  thus  the 
original  motion  which  the  asther  possessed  as  electricity  is 
converted  into  light,  and  of  course  into  light  whose  oscilla- 
tion-periods depend  upon  the  specific  nature  of  the  gas-mole- 
cules. The  ditference  in  spectrum  between  chemically  dif- 
ferent gases  thus  in  no  way  disproves  the  conduction  of  elec- 
tricity by  the  aether.  I  thus  regard  the  luminosity  of  gases 
traversed  by  the  electric  current  as  a  phenomenon  of  reson- 
ance. I  should  not  be  disposed  to  regard  it  as  a  phenomenon 
of  fluorescence  or  phosphorescence,  for  tw^o  reasons : — (1) 
Because  in  fluorescence  and  phosphorescence  the  vibrations 
are  transferred  from  the  aether  to  the  atoms,  and  back  again  to 
the  aether,  without   changing  their  character  as  transversal 
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vibrations  ;  here,  on  the  contrary,  a  motion  of  the  aether 
which  does  not  consist  of  transversal  vibrations  is  converted 
into  transversal  vibrations.  We  have,  however,  a  phenome- 
non analogous  to  this  in  acoustic  resonance,  where  we  see  the 
longitudinal  motions  of  particles  of  air  transformed  into  the 
transverse  vibrations  of  a  resounding  string.  (2)  I  am  dis- 
posed to  reject  the  name  phosphorescence  for  the  phenomena 
under  consideration,  because,  according  to  all  the  ideas  which 
we  have  so  far  associated  with  the  name  phosphorescence,  an 
hypothesis  as  to  the  temperature-conditions  of  the  discharge 
would  be  introduced  by  the  choice  of  this  name,  since  the 
temperature  of  a  gas  is  always  supposed  to  be  lower  than  that 
of  a  gas  of  like  emissive  power  rendered  luminous  by  heat. 
But  this,  even  assuming  that  the  conclusions  of  E.  Wiede- 
mann as  to  the  temperature  of  the  discharge  should  be  con- 
firmed by  further  experiments,  is  not  yet  ^accepted  as  the  true 
character  of  the  light  of  the  discharge;  and  my  speculations 
on  the  nature  of  the  discharge  do  not  in  any  way  prejudice 
the  question  of  the  temperature  of  the  discharge.  For  the 
present  I  leave  this  entirely  out  of  the  discussion. 

The  assumption  that  a  vacuum  conducts  electricity  has  con- 
sequences which  are  far-reaching,  especially  in  the  domain  of 
cosmical  physics.  The  usual  fate  of  attempts  to  found  a 
cosmo-physical  theory  upon  experimental  results  is  scarcely 
such  as  to  encourage  imitators.  At  the  same  time  I  venture 
to  point  out  at  least  so  much  as  this,  that  certain  terrestrial 
phenomena  of  an  electric  or  magnetic  nature  which,  because 
of  the  coincidence  of  their  periods  or  epochs  with  solar 
changes,  have  been  explained  as  due  to  tlie  statical  influence, 
magnetic  induction,  &c.  of  the  sun's  mass,  might  possibly  be 
more  conveniently  referred  to  electric  currents  radiating 
through  interplanetary  space  from  the  central  body.  Expe- 
riment shows  no  limit  to  the  expansion  of  that  remarkable 
motion  which  we  observe  in  the  kathode-rays  as  we  eliminate 
the  ponderable  medium  more  and  more  completely — it  is 
conceivable  that  the  sun  radiates  electric  rays  as  well  as  light- 
rays  through  space.  We  see  that  even  when  the  two  poles 
are  placed  close  together,  the  kathode-rays  stream  out  into 
space  without  limit,  without  reference  to  the  position  of  the 
anode;  consequently  for  electrical  communication  with  the 
sun,  it  would  not  be  necessary  that  the  earth  should  be  the 
source  of  electricity  or  pole  of  the  current,  but  discharges  for 
which  both  poles  are  situated  on  the  sun  might  produce  rays 
radiating  from  the  sun  into  space. 
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II. 

I  consider  two  processes  to  be  necessary  for  the  production 
of  the  discharge: — (1)  A  change  in  the  condition  of  the  sether, 
preceding  the  discharge,  which  produces  a  certain  condition 
of  unstable  equihbrium  in  the  arrangement  of  its  parts :  this 
condition  may  be  called,  for  shortness,  tension  of  the  aether. 
(2)  The  restoration  of  equilibrium :  this  constitutes  the  dis- 
charoe  itself. 

The  tension  which  precedes  the  discharge  is  not  equally 
great  in  all  cross  sections  of  a  discharge-tube,  even  when  the 
tube  is  of  equal  section  throughout;  it  may  even  equal  zero 
in  certain  parts  of  the  tube.  The  tension  has  either  finite  or 
maximum  values  at  the  surface  of  the  metallic  poles  and  at 
those  points  which  appear  as  points  of  issue  of  the  separate 
positive  layers  or  of  the  secondary  negative  pencils.  The 
resultant  of  the  opposing  force  produced  by  the  tension  on 
each  element  of  the  kathode  is  directed  away  from  it ;  at  the 
other  points  of  issue  also,  it  is  directed  at  each  point  towards 
the  side  turned  away  from  the  kathode.  When  the  restoration 
of  equilibrium  commences,  a  motion  results  in  consequence 
of  the  finite  or  maximal  tension  on  the  surfaces,  which  ad- 
vances to  the  side  of  each  surface  of  issue  remote  from  the 
kathode,  and,  originally  excited  in  free  aether,  transforms  itself 
secondarily  on  its  way  into  transversal  vibrations  of  the  ma- 
terial atoms.  The  distances  in  which  the  tension  before  the 
discharge  was  zero,  and  in  which  the  motion  excited  at  the 
surfaces  of  issue  does  not  propagate  itself,  remain  dark;  such 
places  are  the  distances  between  the  positive  light,  on  the  one 
hand,  and  the  kathode-light  or  secondary  negative  light,  on  the 
other  hand. 

The  greater  the  exhaustion  becomes,  the  more  do  the  dis- 
tances between  the  surfaces  of  origin  increase,  and  at  the  same 
time  also  the  distances  to  which  the  motion  excited  at  the  sur- 
faces of  issue  extend.  This  latter  increase,  however,  is  com- 
pleted more  rapidly  than  the  increase  in  the  distances  between 
the  surfaces  of  origin;  hence  it  comes  that  one  and  the  same 
section  of  the  space  occupied  by  the  discharge  may  be  affected 
by  motions  which  radiate  from  two  or  more  surfaces  of  origin. 
(Penetration  of  the  kathode-light  into  the  positive  light  or  of 
the  stratified  pencils  into  each  other.)  Experience  shows  that 
such  motions  penetrating  each  other  do  not  sensibly  alter  each 
other  when  their  directions  are  the  same;  but  when  their 
original  directions  are  inclined  to  each  other  at  a  considerable 
angle,  they  show  marked  phenomena  of  deviation  *. 
*  Goldstein,  Wien.  Ber.  1876,  23  Nov. 
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That  the  so-called  aether-envelopes  of  the  gas-molecules  or 
atoms  take  part  in  the  emission  of  light  resulting  from  the  dis- 
charge is  a  matter  of  course ;  but  the  part  which  they  play  in 
the  processes  of  charging  and  discharging  must  remain  for 
future  discussion.  The  forces  exerted  by  the  material  particles 
upon  which  the  formation  of  the  aether-envelopes  depends,  tend 
to  produce  a  different  disposition  of  the  aether  from  that  which 
would  result  from  the  electrical  forces  only.  Consequently 
the  more  gas-molecules  are  included  in  the  space  occupied 
by  the  discharge,  the  greater  the  electrical  forces  must  be 
in  order  to  bring  about  the  disposition  of  the  jether  which 
must  precede  the  discharge.  Hence  we  understand  how  the 
gas  acts  as  a  hindrance  to  the  discharge,  and  why  conduc- 
tivity of  the  space  occupied  by  the  discharge  continually  im- 
proves as  the  gas  is  more  and  more  completely  removed. 
In  any  case,  I  am  unable  to  accept  E.  Wiedemann's  view*, 
according  to  which  the  sether-envelopes  are  the  real  medium 
of  the  discharge.  If,  moreover,  the  jether-envelopes  suffer 
deformations  without  the  free  aether  taking  any  part  in  the 
process  (and  in  the  case  of  the  kathode-discharge  Wiedemann 
excludes  any  such  participation),  then,  as  regards  the  velocity 
of  propagation  of  the  discharge,  Wiedemann  must  assume 
a  pure  distance-action  between  the  aether-envelopes,  since  in 
highly  rarefied  gases  we  regard  the  times  during  which  the 
aether-envelope  and  the  sphere  of  action  of  a  molecule  are  in 
contact  with  those  of  other  molecules,  or  penetrate  them,  as 
small  in  comparison  with  the  times  during  which  the  sphere 
of  activity  is  isolated. 

The  assumption  that  the  direction  of  the  negative  current 
from  the  kathode  is  the  direction  in  which  the  electric  dis- 
charge is  propagated  in  the  kathode-light,  and  also  in  the 
secondary  negative  pencils  and  positive  stratifications,  con- 
trary to  the  usual  view,  seems  to  be  justified  by  numerous 
experimental  results.  I  would  call  attention,  first  of  all,  to 
the  phenomena  of  shadows,  Avhich,  formerly  observed  only 
with  the  kathode-light,  have  caused  this  phenomenon  to  be 
represented  as  a  motion  from  the  kathode,  even  by  the  de- 
fenders of  the  convection  theory. 

If  a  solid  body  be  placed  in  a  pencil  of  the  kathode-light, 
or  of  the  secondary  negative  light,  then,  as  may  be  observed 
directly,  that  portion  of  the  pencil  falling  upon  the  object  which 
lies  between  its  end  turned  towards  the  kathode  and  the  object 
itself  remains  in  every  case  intact,  but  that  portion  of  the  in- 
cident pencil  lying  on  the  further  side  of  the  space  occupied 
by  the  object  is  wanting.     The  shadows  previously  described  f, 

•  E.  Wiedemann,  AVied.  Ann.  x.  p.  245,  1880 :  I'hU.  Mag.  [5]  x.  p.  410. 
t  Phil.  Mag.  [5]  I.  p.  236. 
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formed  in  the  phosphorescent  surfaces  excited  hy  the  positive 
light,  and  their  position  indicate  similar  behaviour.  If  the 
electric  rays  in  the  kathode-light  proceeded  fi*om  its  exterior 
boundary  towards  the  kathode,  and  in  the  secondary  negative 
and  positive  pencils  from  the  side  of  the  anode  towards  the 
side  of  the  kathode,  then,  on  introducing  an  object,  the  pencil 
of  rays  would,  on  the  contrary,  remain  intact  from  the  exte- 
rior boundary  up  to  the  object,  and  the  shadows  would  appear 
upon  the  wall  upon  the  kathode  side  of  the  object. 

x\nother  argument  for  propagation  in  the  direction  of  the 
negative  current  is  found  in  the  phenomenon  described  above, 
that  the  properties  of  secondary  negative  rays  are,  even  for 
considerable  distances,  such  as  correspond  to  the  conditions 
which  exist  at  the  negative  boundary  of  the  pencil  of  rays — 
that  is,  the  one  nearest  to  the  kathode.  The  pencil,  which 
with  increasing  evacuation  radiates  continually  more  and  more 
from  the  mouth  of  a  narrow  tube  opening  into  a  wider 
vessel,  contains  rays  possessing  the  properties  of  the  light  of 
narrow  tubes.  If  the  pencil  had  its  origin  in  the  wider 
vessel  and  propagated  itself  from  it  into  the  narrower  tube, 
we  should  expect  to  find  its  properties  more  in  accordance 
with  the  conditions  of  discharge  offered  by  wide  tubes.  The 
pencil  between  a  narrow  cylinder  and  a  wider  one  following 
upon  this  upon  the  side  of  the  anode  would  show  then  the 
same  colour  and  spectrum  as  those  pencils  which  have  their 
origin  in  the  wide  cylinder  and  compose  the  column  of  its 
positive  stratifications. 

A  further  criterion  for  the  direction  in  which  the  electric 
rays  propagate  themselves  is  found  in  their  magnetic  behaviour 
as  described  above  for  the  kathode-rays,  in  accordance  with 
Hittorfs  conclusions. 

It  is  characteristic  of  this  behaviour  that  if  a  (sufficiently 
weak)  magnet  is  allowed  to  act  upon  the  end  of  a  long 
kathode-pencil  remote  from  the  kathode,  only  this  end  is 
affected  by  the  magnet,  whilst  those  portions  of  the  pencil 
near  the  kathode  retain  their  form  and  position  unaltered. 
If  the  magnet  is  brought  into  the  neighbourhood  of  the  kathode 
itself  so  as  to  act  upon  the  portions  of  the  rays  nearest  the 
kathode,  then  the  whole  pencil  is  deflected  together  with  these 
portions  even  to  its  furthest  point,  upon  which,  in  consequence 
of  its  great  distance,  the  magnet  could  exert  no  action  directly. 

The  electric  particles  (or  the  electric  motion)  at  the  end  of 
the  ray  remote  from  the  kathode  therefore  follows  the  direc- 
tion impressed  upon  the  particles  at  the  kathode  itself ;  but 
the  particles  at  the  kathode  are  not  influenced  by  action  upon 
the  particles  at  the  further  end.     Both  phenomena  agree  with 

20  2 


380  Dr.  E.  Goldstein  on  the  Electric 

the  theory  that  the  particles  at  the  outer  end  of  the  ray  were 
previously  at  the  kathode,  and  are  immediately  opposed  to  the 
view  that  the  particles  nearest  to  the  kathode  have  already 
passed  through  the  place  occupied  by  the  remote  ends ;  that  is, 
the  motion  in  the  kathode-light  must  propagate  itself  from  the 
kathode  outwards. 

Exactly  correspondent  are  the  phenomena  of  the  rays  of  the 
secondary  negative  pencils,  and  also  of  the  rays  of  the  sepa- 
rate positive  stratifications,  when  these  are  sufficiently  expanded 
by  high  exhaustion.  Hence  the  discharge  propagates  itself 
also  in  each  separate  stratification  from  the  bounding  surface 
on  the  kathode  side  to  the  boundary  on  the  side  of  the  anode. 
The  often-mentioned  phenomena  of  deflection  are  to  be  inter- 
preted in  a  similar  manner.  If  K  (fig.  3)  be  the  projection 
of  a  plane  kathode,  K^  that  of  a  thin  wire, 
s  the  natural  direction  of  an  electric  ray 
issuing  from  K,  then  the  ray  through  K' 
takes  the  form,  s  K'  /;  at  K'  it  bends  round 
through  a  considerable  angle,  and  beyond 
K'  follows  again  a  straight  course,  which, 
however,  deviates  considerably  from  the 
direction  s  K';  i.  e.  the  portion  of  the  ray 
beyond  K'  obeys  the  deviation  which  was 
exerted  upon  the  electrical  particles  at  K'. 
Hence  the  forces  which  produce  motion 
at  any  point  of  the  ray  influence  also  all  portions  of  the  ray 
beyond  this  point,  but  are  without  influence  upon  the  portions 
between  the  first  point  and  the  kathode.  This  is  very  simply 
explained  by  the  hypothesis  that  the  electrical  motion  in  the 
ray  propagates  itself  from  the  kathode  outwards  (in  the  direc- 
tion of  the  arrow). 

III. 

The  velocity  and  direction  of  the  discharge  of  a  pencil  of 
electrical  rays  is  to  be  distinguished,  a  priori,  from  the  velo- 
city and  direction  with  which  the  tension  that  precedes  the 
discharge  propagates  itself.  We  are  not  here  further  con- 
cerned with  the  velocity  of  this  tension,  but  only  with  its 
direction.  I  believe  that  the  phenomena  observed  indicate 
very  plainly  a  propagation  of  the  tension  also  in  the  direction 
of  the  negative  current;  that  is,  the  tensions  for  the  separate 
positive  stratifications  are  developed  in  the  same  order  of  time 
as  that  in  which  they  follow  each  other  in  space  from  the 
kathode  towards  the  anode.  I  draw  this  conclusion  from  the 
fact  that  the  position  and  peculiarities  of  the  separate  com- 
pletely formed  stratifications,  and  in  particular  the  position  of 
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the  heads  of  the  stratifications,  i.  e.  of  the  points  from  Avhich 
the  separate  discharges  formed  by  the  stratifications  issue,  de- 
pend altogether  upon  the  position  and  peculiarities  of  the 
kathode,  and  not  at  all  upon  the  conditions  of  the  anode*. 

Let  the  discharges  pass  in  a  cylinder  with  terminal  elec- 
trodes which  can  be  moved  along  the  axis  of  the  vessel  towards 
each  other  by  means  of  an  arrangement  which  need  not  at  pre- 
sent be  further  described. 

If  the  anode  in  such  a  vessel  is  caused  to  approach  the  fixed 
kathode,  no  displacement  whatever  of  the  stratifications  in 
front  of  the  anode  is  observed ;  they  remain  altogether  im- 
movable and  unchanged,  so  far  at  least  as  their  continued 
existence  is  consistent  with  the  new  position  of  the  anode. 
Since  the  positive  light  in  every  case  reaches  only  to  the  anode, 
the  layers  which  were  situated  in   the  portion   of  the  tube 

*  The  expei'iments  described  in  what  follows  are  performed  with  stra- 
tified discharges  in  pure  dry  air  or  in  dry  highly  exhausted  hydrogen, 
produced  from  a  sufficiently  powerful  induction-current  by  regular  inter- 
ruption of  the  primary  current.  Under  these  conditions  we  obtain  thick 
stratifications  which  do  not  vibrate  to  and  fro  like  the  so-called  "  saucer" 
stratifications,  but,  with  a  constant  pressure  of  gas,  preserve  their  position 
unaltered.  I  think  it  necessary  to  mention  this,  because  to  many  who  are 
still  accustomed,  upon  mention  of  stratifications,  to  figure  to  themselves 
only  the  "  saucer  "  stratifications  and  their  behaviour,  the  mention  in  the 
following  of  motionless  stratifications  with  constant  intervals  between 
them  may  appear  surprising.  The  thick  stratifications,  strange  to  say, 
are  always  treated,  sometimes  as  quasi-pathological  developments,  as  phe- 
nomena which  are  distm-bances  of  the  normal  phenomena  of  stratification  ; 
sometimes  as  optical  illusions,  caused  by  rapid  vibration  to  and  fro  of  the 
"saucer"  sti-atifications  assumed  to  exist  alone.  According  to  the  evi- 
dence I  have  given,  the  meaning  and  mutual  relation  of  the  diflTerent 
forms  of  stratification  are  tolerably  clear ;  each  separate  layer  in  a  cylinder 
is  qualitatively  analogous  to  the  discharge  at  a  kathode  which  occupies 
the  whole  section  of  the  cylinder.  "When  the  exhaustion  is  small  this 
kathode-light  is  only  a  thin  layer,  corresponding  exactly  to  the  thin 
"saucer"  stratification.  If  the  exhaustion  proceeds,  the  electric  raj's 
which  make  up  either  structure  lengthen  and  so  increase  its  tliickness ; 
and  j  ust  as  the  kathode-rays  finally  lengthen  so  much  as  to  completely 
fiU  the  dark  space  and  reach  to  the  first  positive  layer,  so  the  raj^s  of  stra- 
tifications extend  so  much  as  to  completely  occupy  the  dark  spaces  between 
them.  As  the  density  of  the  gas  decreases  the  thickening  proceeds  further, 
the  intervals  between  the  heads  of  the  layers  continually  increasing,  and 
the  ravs  issuing  from  the  heads  continually  occupying  the  increasing 
intervals.  When  the  stratifications  appear  most  plainly  in  a  cylinder  with 
dry  air,  their  thickness  is  very  nearly  equal  to  the  diameter  of  the  cylinder, 
so'that  with  wide  vessels  they  are  of  considerable  thickness.  As  little  as 
a  kathode-discharge  with  extended  rays  is  a  monstrosity  or  disturbing 
phenomenon,  or  consists  entirely  of  a  luminous  layer  vibrating  to  and  fi-o, 
so  little  can  we  entertain  similar  views  about  the  thick  layers  ;  and  as  the 
laws  of  the  kathode-light  may  be  studied  most  easily  in  the  longest  pen- 
cils of  it  which  can  be  obtained,  so  also  it  is  just  the  thickest  layers  which 
represent  the  phenomenon  most  completely  developed,  which  are  in  the 
first  instance  best  suited  for  the  study  of  the  stratification. 
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passed  over  by  the  anode  in  its  approach  to  the  kathode  dis- 
appear one  after  the  other,  presenting  the  appearance  of  the 
layers  being  gradually  absorbed  by  the  anode.  If  the  anode 
is  caused  to  move  from  its  original  position  away  from  the 
kathode,  then  all  the  layers  originally  present  remain  unaltered, 
whilst  new  layers  appear  in  the  space  left  by  the  anode,  of 
which  each  immediately  upon  its  formation  remains  completely 
indifferent  to  the  further  motion  of  the  anode. 

Let  us  now  move  the  kathode,  and  first  let  the  motion  be 
an  approach  to  the  fixed  anode;  at  once  the  whole  of  the 
layers  present  begin  to  move,  and  are  displaced  each  in  the 
same  direction  and  exactly  by  the  same  amount  as  the  kathode 
itself,  (In  the  distance  occupied  by  the  discharge,  shortened 
by  the  approach  of  the  poles,  there  is  consequently  room  only 
for  fewer  layers  than  before ;  each  layer  disappears  as  soon  as 
it  is  pushed  up  against  the  anode  by  the  motion  of  the  kathode.) 
If  the  kathode  is  removed  from  any  initial  position  whatever 
further  away  from  the  anode,  all  the  layers  present  follow 
the  kathode,  and  keep  exact  time  with  the  motion  of  the 
kathode  itself;  new  layers  appear  in  the  space  between  the 
last  of  the  layers  originally  present  and  the  anode  as  the 
kathode  moves  further  away,  and  each  immediately  after  its 
formation  follows  the  motion  of  the  kathode^. 

The  interval  between  every  two  layers  in  a  cylinder  is  so 
little  different  in  passing  from  one  pair  to  another,  that  in  a 
cylindrical  column  of  stratified  light  at  given  density  of  gas 
and  intensity  of  discharge,  we  may  speak  simply  of  the  stra- 
tification-interval of  the  column. 

The  number  of  layers  present  is  therefore  equal  to  the  quo- 
tient of  the  length  of  the  column  by  the  stratification-interval. 
If  the  distance  of  the  electrodes  varies  continuouslv,  this 
quotient  will  only  be  a  whole  number  in  particular  cases.  If 
the  division  of  the  space  occupied  by  the  discharge  into  layers 
advanced  from  the  anode,  then  in  the  case  when  the  length 
of  the  positive  light  is  not  divisible  by  the  stratification-interval 
without  remainder  we  should  expect  that  the  incomplete 
and  abbreviated  layer  corresponding  to  this  remainder  would 
be  found  at  the  negative  end  of  the  positive  light,  whilst  at 
the  anode  there  would  be  nothing  but  complete  layers. 

Observation  shows  exactly  the  contrary:  the  positive  layer 
nearest  the  negative  end  of  the  positive  light,  i,  e.  nearest  to 
the  kathode,  preserves  the  same  constant  extension  vAi\\  every 
distance  of  electrodes ;  so  also  the  following  lasers,  on\y  the 
one  directly  in  contact  with  the  anode  shortens  or  lengthens 

'•  Goldstein,  riiil.  Mag.  [-5]  iv.  p.  362. 
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exactly  in  proportion  as  the  excess  of  the  above-mentioned 
quotient  above  a  whole  number  changes. 

The  changes  of  colour  are  also  strikingly  characteristic  of 
the  influence  of  the  kathode,  as  explained  above.  The  conse- 
cutive layers  of  a  column  of  positive  light  may  show  very 
striking  differences  of  colour,  even  when  no  differences  in 
form  and  magnitude  can  be  perceived ;  these  differences  are 
very  marked  when  hydrogen  is  employed. 

The  colour  of  a  layer  when  the  difference  of  electrodes  changes 
is  always,  cceter is  paribus ^  dependent  on  its  position  with  refer- 
ence to  the  kathode.  Suppose,  for  example,  that  we  observe  a 
cylinder  the  positive  light  of  which  is  divisible  into  five  layers, 
the  one  next  the  kathode  being  blue,  and  the  following  ones  in 
order  being  yellow,  red,  greyish  red,  and  grey.  Next  to  the 
anode  we  have,  therefore,  a  grey  layer.  If  the  distance  of  the 
electrodes  is  now  diminished  by  the  length  of  one  layer,  whether 
by  the  motion  of  the  anode  or  of  the  kathode,  it  is  the  grey 
layer  which  disappears,  and  we  have  a  greyish-red  layer  next 
the  anode  followed  by  the  rose-coloured,  yellow,  and  blue  layers 
in  order.  If  the  distance  between  tljje  electrodes  be  further 
diminished  by  the  length  of  one  layer,  the  greyish-red  layer 
disappears,  and  the  rose-coloured  layer  is  in  contact  with  the 
anode,  followed  by  the  yellow  and  blue  layers  in  order. 
When  the  poles  are  caused  to  approach  further  so  as  to  leave 
only  two  layers,  the  yellow  layer  is  next  the  anode,  and  the 
blue  layer  follows  it.  If,  therefore,  we  count  the  layers  from 
the  anode,  then  with  every  change  of  distance  between  elec- 
trodes, the  first,  second,  and  every  layer  change  colour;  but  if 
we  count  from  the  kathode,  then  the  colour  of  the  nih.  layer  is 
independent  of  the  distance  of  the  electrodes,  and  each  layer 
present  possesses  always  the  same  colour. 

Hence  the  colour  of  each  layer  is  regulated  by  the  position 
of  the  kathode,  and  depends  on  its  position  in  the  series, 
counting  from  the  anode. 

Lastly,  we  may  vary  the  size  of  the  anode  indefinitely  with- 
out causing  any  change  in  the  position  of  the  layers  present ; 
but  if  the  magnitude  of  the  kathode  be  changed,  the  position 
of  all  the  positive  layers  changes.  The  smaller  the  kathode 
becomes,  under  conditions  otherwise  similar,  the  larger  becomes 
the  interval  betw^een  the  kathode  and  the  first  positive  layer, 
but  the  interval  between  the  positive  layers  is  not  altered  ;  so 
that  each  single  layer  lies  further  from  the  kathode  the  smaller 
the  kathode  is  made. 

We  cannot,  however,  assume  that  the  kathode,  or  the  phy- 
sical conditions  which  obtain  at  the  kathode  determine  the 
conditions  of  tension  and   discharge   of  the  whole  stratified 
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column;  but  it  appears  that  the  position  and  properties  of  each 
separate  layer  depend  mainly  or  entirely  upon  the  position 
and  properties  of  the  layer  preceding  it  on  the  side  of  the 
kathode.  The  influence  of  the  kathode  on  all  the  members  of 
a  stratified  column,  which  appears  so  markedly  in  the  experi- 
ments just  described,  would  then  be  only  an  indirect  one,  inas- 
much as  the  properties  of  the  kathode  determine  the  proper- 
ties of  the  kathode-light ;  this  determines  the  position  and 
properties  of  the  first  positive  layer,  this  the  position  and 
properties  of  the  second  layer,  and  so  on.  This  conclusion  is 
drawn  from  experiments  on  the  secondary  negative  light. 

We  saw  that  in  a  cvlinder  where  the  kathode  is  moved,  all 
the  layers  move  in  the  same  direction  as  the  kathode  and 
through  an  equal  distance.  If  now  we  introduce  into  the 
cylindrical  tube   C  (fig.  4),  with  movable  kathode  K,  a  por- 


tion of  tube  R  fitting  C  closely  and  also  movable  in  it,  ha^dng 
a  narrow  opening  at  x,  then,  as  already  explained,  x  acts  as  a 
secondary  negative  pole  for  the  portions  of  the  whole  discharge 
between  a;  and  the  anode  A*. 

If  now,  whilst  R  retains  the  same  position  in  any  portion 
of  the  discharge-cylinder,  the  kathode  K  is  moved,  all  the 
layers  between  K  and  x  move  as  in  the  previous  experiments  ; 
but  the  laj'ers  between  x  and  A  remain  immovable,  in  spite  of 
the  displacement  of  the  kathode. 

If,  on  the  other  hand,  K  be  fixed  and  II  be  displaced,  so  that 
the  secondary  negative  pole  x  moves  with  the  secondary  nega- 
tive light  radiating  from  it,  then  all  the  layers  between  x  and 
A  are  displaced  exactly  like  the  stratifications  of  a  simple 
cylinder  having  a  metallic  kathode  at  x. 

If  the  separate  layers  of  the  discharge  show  different  colours, 
then  we  observe  further  that,  when  K  moves,  the  colours  of 
all  the  layers  between  K  and  x  behave  as  previously  described 

*  A  may  with  advantage  be  made  short,  and  placed  somewhat  excen- 
trically  but  parallel  to  the  axis  of  the  tube,  so  that  it  may  not  be  struck 
by  the  movable  piece  R. 
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for  the  simple  cylinder,  but  the  colours  of  the  layers  between 
X  and  A  show  no  regular  relationship  to  their  position  in  order 
from  K;  their  colours  remain  the  same  however  their  position 
in  order  varies.  But  if  w  be  moved,  the  same  law  holds  good 
for  these  layers  as  if  x  were  a  metallic  kathode — the  colour  of 
each  depending  on  its  position  in  order  from  x,  and  the  colour 
of  every  ?ith  layer,  counting  from  x,  remaining  the  same  for 
every  position  of  x. 

The  dependence  of  the  stratifications  upon  their  secondary 
negative  pole,  and  the  complete  analogy  with  the  dependence 
upon  the  metallic  kathode,  is  seen,  lastly,  also  in  the  influence 
of  the  magnitude  of  the  secondary  pole.  If  its  magnitude  be 
diminished  the  layers  become  further  apart,  as  if  from  a  dimi- 
nished metallic  kathode  ;  and  the  displacement  is  in  both 
cases  more  marked  when  the  surface  of  the  pole  is  diminished 
in  a  greater  ratio*. 

If  we  have  now  a  tube  (fig.  5)  provided  with 
two  secondary  poles  x  and  y  of  this  kind,  of  which 
only  X  is  movable  and  1/  is  fixed  (the  piece  R'  of 
which  ?/  is  the  mouth  may  be  conveniently  united 
with  the  wall  of  the  large  vessel  by  fusion  when 

*  The  dimiuution  of  a  secondary  negative  pole  may 
be  eftected  in  a  variety  of  ways.  Fig.  6  shows  in  one 
diagram  three  different  simple  arrangements  for  effecting 
this : — 

In  cylinder  I.  a  glass  diaphragm  is  arranged  perforated 
vdih  two  round  openings  of  different  sizes ;  a  glass  ball  is 
also  enclosed  in  the  tube,  whose  diameter  exceeds  that  of 
the  largest  opening.  By  allowing  the  glass  ball  to  rest 
upon  the  one  or  the  other  of  the  two  openings,  the  dis- 
charge issues  from  a  larger  or  smaller  secondarv  pole. 
(Of  course  the  opening  acts  on  the  side  towards  the  ka- 
thode as  a  secondary  positive  pole.) 

In  cylinder  II.  the  opening  .r  of  the  communicating 
glass  tube  is  the  secondary  negative  pole ;  a  glass  rod, 
provided  at  one  end  with  a  knob  to  prevent  its  falling 
completely  through,  is  movable  to  and  fi'o  in  r.  It  is 
clear  that  by  this  means  the  magnitude  of  the  opening  .r 
may  be  varied. 

Oyhnder  III.  shows  the  simplest  an-angement,  a  glass 
tap  the  perforation  of  which  replaces  the  communicating 
tube.  The  magnitude  of  the  secondary  pole  is  a  maxi- 
mum when  the  tap  is  completely  open.  If  we  gradually 
turn  the  tap  from  this  position,  and  so  gi-aduaUy  reduce 
the  magnitude  of  the  secondary  negative  pole,  we  see 
the  layers  gradually  recede  fi-om  the  pole.  The  advan- 
tage of  this  arrangement  is  found  in  the  power  of  gradu- 
ally altering  the  magnitude  of  the  pole  ;  its  disadvantage 
in  the  gradual  alteration  of  the  quantity  of  gas  contained 
in  the  tube,  by  the  evolution  of  gases  produced  by  the 
action  of  the  discharge  on  the  substance  with  whic^  the  tap  is  lubricated. 
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the  apparatus  is  constructed),  x  lies  between  the  kathode  K  and 
y.  If  the  kathode  K  is  movable,  we  observe  first  that  its  motions 
only  affect  the  stratifications  between  it  and  w,  but,  on  the  other 
hand,  all  between  x  and  ?/,  as  well  as  those  between  ?/  and  A, 
are  unaffected.  If  x  is  moved,  we  find  that  the  motion  of  this 
pole  causes  a  motion  only  of  the  stratifications  between  a  and 
y  ;  the  stratifications  between  7/  and  A  remain  unmoved.  In 
the  same  way,  when  the  magnitude  of  the  negative  pole  varies. 
it  is  found  that  only  changes  in  the  pole  y  affect  the  position 
of  the  stratifications  between  ?/  and  A. 

Hence  the  position  of  each  stratification  depends  on  the 
position  and  properties  of  the  secondary  negative  pole,  or 
pencil  of  secondary  negative  light  nearest  to  it.  But  since 
each  separate  positive  layer,  even  in  a  simple  cylinder,  is,  as  I 
have  shown'^,  only  a  form  of  the  secondary  negative  pencil  (the 
section  of  its  origin  is  itself  a  secondary  negative  pole),  it  fol- 
lows that  the  position  and  properties  of  each,  separate  layer, 
even  in  a  simple  cylinder,  do  not  depend  so  much  upon  the 
kathode  and  kathode-light  as  upon  the  position  and  properties 
of  the  layer  immediately  near  it.  If,  then,  in  a  simple  cylinder 
all  the  stratifications  are  put  into  motion  by  displacing  the 
kathode,  it  follows  that  the  motion  of  the  kathode  itself  properly 
causes  only  a  corresponding  change  in  the  position  of  the 
kathode-light  which  issues  from  it ;  the  displacement  of  the 
point  of  origin  of  this  last  displaces  the  surface  of  origin  of 
the  first  positive  layer ;  this  change  displaces  the  surface  of 
tension  for  the  second  layer,  and  so  on. 

I  have  mentioned  that,  in  a  simple  cylinder,  the  consecutive 
intervals  between  the  stratified  layers  of  the  positive  light 
differ  very  little  from  each  other ;  but  if  we  observe  also  the 
very  small  differences  w^hich  present  themselves,  we  find  that 
the  intervals  gradually  decrease  from  the  kathode  towards  the 
anode.  If  the  space  in  which  the  discharge  takes  place  bo 
contracted  at  any  point  whatever  so  as  to  produce  a  secondary 
negative  pole,  then  the  intervals  diminish  only  up  to  this  pole; 
beyond  it  the  intervals  suddenly  increase  and  a  now  series  of 
decreasing  intervals  begins,  again  increasing  beyond  a  new 
secondary  pole,  and  so  on.  We  find,  then,  that  the  magni- 
tude of  each  stratification-interval  is  determined  by  the  ratio 
of  the  secondary  negative  pencil  produced  by  the  change  of 
section  which  immediately  precedes  the  interval  under  consi- 
deration. 

In  passing  to  infinitely  small  changes  in  section  when  the 
secondary  negative  pencil  passes  into  a  positive  layer,  we  find 
that  the  magnitude  of  the  interval  between  any  two  layers 
♦  Goldstein,  Berl.  Monatiher.  1870,  p.  280  :  Pliil.  Ma^r.  [5]  iv.  p.  8G1. 
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depends  on  the  properties  of  the  layer  forming  the  component 
of  the  pair  nearest  to  the  kathode  ;  or,  shortly,  each  layer,  or 
the  conditions  existing  at  its  point  of  origin,  always  influence 
the  layer  following  next  to  it,  on  the  side  of  the  anode,  but 
does  not  influence  the  preceding,  on  the  side  of  the  kathode. 
The  conditions  under  which  the  nth  layer  forms  seem  to 
stand  to  the  properties  of  the  n+lth  layer  in  the  relation  of 
cause  and  effect ;  and  hence  it  seems  to  me  only  a  verbally 
different  expression  of  the  observed  facts  if  we  assume,  as  above, 
that  the  propagation  of  the  electrical  tensions,  or  the  produc- 
tion of  the  separate  layers,  takes  place  in  the  direction  of  in- 
creasing values  of  n,  i.  e.  advances  from  the  kathode  towards 
the  anode. 

Berlin,  Physical  Institute  of  the  University. 


XLII.  Carbon  Dioxide  as  a  Constituent  of  the  Atmosphere.  By 
Ernest  H.  Cook,  D.Sc.  (Lond.),  A.R.C.S.,  Lecturer  upon 
Chemistry  and  Physics  at  the  Bristol  Mining  School*. 

OF  all    the    agents   which    have   brought   about  geologic 
changes  and  mudified  the  surface  of  the  earth  from  time 
to  time,  the  atmosphere  seems  to  have  been  the  least  studied. 
Nor  is  this  very  surprising  when  we  remember  the  peculiarity 
of  its  action.     So  general  and  cosmopolitan  are  its  effects  that 
their  very  abundance  causes  us  to  overlook  them — and,  again, 
so  slowly  acting  that  the  changes  effected  require  the  employ- 
ment of  long  periods  of  time.     The  two  constituents  of  the 
atmosphere  which  have  been  most  active  in  producing  these 
changes  are  the  oxvgen  and  the  carbon  dioxide.     The  latter 
substance  occurs  in  the  air  in  such  a  relatively  small  amount 
that  we  are  apt  to  underrate  its  influence.     But  when  it  is 
remembered  that,  were  it  not  for  the  presence  of  this  sub- 
stance in  the  air,  no  coal  and  ver}^  little  limestone  could  have 
been  formed,  we  at  once  see  its  importance.     In  fact,  to  come 
somewhat  nearer  home,  without  carbon  dioxide  in  air  no  vege- 
table growth  could  take  place  ;  and  without  plant  life  very 
little,  if  any,  animal  life  would  occur.     Thus  this  substance, 
although  in  itself  inimical  to  most  forms  of  animal  life,  is 
absolutely  necessary  in  the  atmosphere  in  order  that  those 
animals  may  exist.     In  the  present  paper  an  attempt  is  made 
to  consider  some  of  the  results  arising  from  the  presence  of 
this  substance. 

*  Head  before  the  American  Association  for  the  Adv.ancenient  of  Science 
at  Montreal,  on  August  25,  1882.     Communicated  by  the  Author. 
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Amount  of  Carbon  Dioxide  in  the  Atmosphere. 

This  question  has  been  made  the  subject  of  experiment  by 
many  of  our  leading  chemists.  In  order  to  calculate  the  ab- 
solute amount,  we  require  to  know  two  things — viz.  the  capa- 
city or  weight  of  the  air,  and  the  percentage  of  COg  which  it 
contains.  Fortunately  the  data  for  doing  this  have  been 
determined  with  very  great  accuracy.  The  lengths  of  the 
diameters  of  the  earth  have  been  determined  to  be  very  nearly 
7899  miles  for  the  polar  and  7925^  for  the  equatorial  ;  "and 
in  these  measures  it  is  pretty  certain  that  there  is  not  an  error 
of  a  quarter  of  a  mile  "  *.  Applying  the  ordinary  rule  for  the 
cubic  content  of  an  oblate  spheroid,  we  obtain  259,026,554,299 
cubic  miles  as  the  capacity  of  the  earth.  Now  the  height  of 
the  homogeneous  atmosphere  is  found  to  be  26,214  feetf,  or 
very  nearly  5  miles  ;  calculating  the  capacity  of  the  spheroid 
formed  by  adding  this  distance  to  the  lengths  of  the  diameters 
given  above  and  subtracting  the  capacity  of  the  earth,  we 
obtain  the  cubic  content  of  the  atmosphere  supposed  homo- 
geneous: this  is  found  to  be  591,647,337  cubic  miles.  With 
regard  to  the  amount  of  carbon  dioxide  present  in  the  air, 
the  older  experimenters,  Dumas  and  Boussingault  {^Ann.  Ch. 
Phys.  iii.  pp.  257,  288),  Lowy  and  Saussure  (Pogg.  Ann. 
xix.  p.  391),  have  published  results  which  yield  a  mean  of 
4  vols,  in  10,000  of  air,  or  4|-  parts  in  10,000  by  weight. 
Thorpe  (Journ.  Chem.  Soc.  vol.  xx.  p.  189)  has  shown  that 
over  the  sea  the  average  is  3  vols,  in  10,000  ;  while  Saussure 
states  that  at  high  altitudes  the  proportion  of  dioxide  is  greater 
than  at  lon-er  levels.  Without  deviating  very  far  from  the 
truth  we  may  take  4  vols,  in  10,000  of  air;  and  we  thus  find 
(assuming  capacity  of  air  to  be  592,000,000  cubic  miles) 
236,800  cubic  miles  as  the  amount  of  CO2  in  the  atmosphere. 
Finally,  calculating  from  the  specific  gravity,  we  find  the 
weight  to  be  4287  billions  of  pounds.  Expressed  on  the 
metric  system  these  figures  become : — 

Cubic  capacity  of  air...  2,439,987,200,000,000,000  kilolitres. 
Weight  of  CO2  in  air...  1,913,685,908,480,000  kilogrammes. 

I  have  given  these  calculations  somewhat  in  detail  because 
of  the  great  difference  between  my  numbers  and  those  hitherto 
published.  Thus,  Dumas  and  Boussingault  {op.  cif.)  say  that  the 
air  is  equal  in  weight  to  581,000  cubes  of  copper  each  having 
a  side  of  1  kilometre:  this  gives  4,200,000,000,000,000,000 
kilolitres  as  the  capacity  of  the  air,  or  very  nearly  40  per  cent. 

*  Herschell,  '  Familiar  Lectures/  p.  53, 
t  Maxwell, '  Theory  of  Heat,'  p.  228. 
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too  high.  Again,  Roscoe  and  Schorlemmer  ('  Chemistry,' 
vol.  i.  p.  449)  state  that  "  the  amount  of  CO2  in  the  atmo- 
sphere reaches  to  upwards  of  3000  billions  of  kilogrammes," 
which  is  about  33  per  cent,  in  excess  of  the  truth*. 

Sources  ichence  the  Air  derives  its  Carbon  Dioxide. 

These  are  mostly  natural ;  but  the  progress  of  civilization 
has  added  a  large  artificial  supply  to  those  already  existing. 
We  may  state  them  as  follows: — 

(1)  Combustion  of  carbonaceous  bodies. 

(2)  Respiration  of  animals. 

(3)  Decomposition  of  vegetable  and  animal  substances. 

(4)  Volcanos  and  other  subterranean  supplies. 

Under  the  first  heading  is  included  the  amount  produced 
by  the  burning  of  coal,  wood,  peat,  &c.  From  the  most  re- 
cently issued  statistics  with  regard  to  the  amount  of  coal 
raised  in  the  world  that  I  have  been  able  to  consultf,  I  find 
that  for  the  last  three  years  at  least  280  millions  of  tons  have 
been  raised  annually.  This  is  probably  a  slight  underestimate. 
Assuming  that  75  per  cent,  of  this  consists  of  pure  carbon, 
which  if  completely  burnt  in  air  would  produce  CO2,  and 
allowing  a  further  10  per  cent,  for  the  carbon  thrown  away 
with  the  ash,  we  leave  182  millions  of  tons  which  are  annually 
converted  into  carbon  dioxide.  This  will  produce  1,800,000 
tons  per  day,  or  very  nearly  1800  millions  of  kilogrammes 
per  day.  Assuming  that  by  the  combustion  of  wood,  peat, 
oil,  &c.  there  is  added  one  third  more,  we  produce  a  total  of 
2400  millions  of  kilogrammes  daily. 

In  the  case  of  the  respiration  of  animals  we  can  only  form 
an  approximate  estimate.  The  population  of  the  world  is  at 
present  about  1500  millions;  and  it  has  been  shown  by  experi- 
ment that  each  individual  produces  on  an  average  about  a 
kilogramme  of  CO2  per  day  of  24  hours.  Thus  the  human 
race,  in  respiring,  add  to  the  air  about  1500  millions  of  kilo- 
grammes of  carbon  dioxide  per  day.     Remembering  the  large 

*  The  above  calculations  are  made  on  the  figures  deduced  from  the 
results  of  the  experimenters  cited  above.  Recent  mvestigations  have, 
however,  thrown  some  doubt  on  the  correctness  of  these  numbers,  the 
general  opinion  being  that  4  vols,  in  10,000  is  much  too  high.  Thus, 
Fittbogen  and  Hasselbarth  ( CJiem.  Centr.  1875,  p.  694)  give  3'4  vols,  in 
10,000  as  the  average;  Farsky  {Chem.  Centr.  1877,  p.  198)  found  3-4, 
while  more  recently  Reiset  (  Comptes  Rendus,  Ixxxviii.  pp.  1O07-1O11)  de- 
duces 2"942.     Taking  the  mean  of  these  numbers,  we  have 

Weight  of  COj  iu  air  ....   1545  billions  of  kilogrammes  nearly. 

t  Mineral  Statistics  for  Great  Britain  for  1881 ;  and  Smyth's  '  Coal 
and  Coal-Mining,'  latest  edition. 
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amount  of  animal  life  existing  on  the  globe,  and  also  that 
many  of  the  larger  species  produce  a  greater  quantity  in  a 
given  time,  we  may  with  a  sufficiently  near  approach  to  accu- 
racy say  that  from  the  lower  animals  the  air  receives  twice  as 
much  daily  as  from  man.  Hence  from  the  whole  animal 
kingdom  we  derive  about  4500  millions  of  kilogrammes. 

The  amount  of  dioxide  which  the  atmosphere  receives  from 
decaying  animal  and  vegetable  substances  is  impossible  to  esti- 
mate. Most  of  it  is  produced  in  regions  far  away  from  the 
abode  of  man.  That  a  considerable  quantity  is  produced  from 
this  source,  however,  is  evident  when  we  consider  the  A^ast 
quantity  of  vegetable  matter  which  year  after  year  falls  to  the 
ground  and  undergoes  decomposition.  In  fact,  if  the  estimate 
of  the  amount  of  action  exerted  by  plants  given  later  on  in 
this  paper  is  a  correct  one,  we  must  conclude  that  a  much 
greater  amount  of  dioxide  is  produced  by  this  process  than 
has  been  hitherto  supposed.  Although  it  is  evidently  impos- 
sible to  give  figures,  yet,  in  order  to  arrive  at  a  numerical 
estimate,  we  may  assume  that  the  same  quantity  is  yielded  as 
by  man,  viz.  1500  millions  of  kilogrammes  daily. 

The  last  source  whence  the  air  receives  its  supply  of  carbon 
is  from  volcanos  and  the  fumaroles  and  rents  in  the  oround 
in  volcanic  districts.  The  amount  thus  supplied  is  enormous, 
both  active  and  extinct  volcanos  ioining  in  increasing;  the 
quantity.  Considering  the  area  occupied  by  the  volcanic  dis- 
tricts, and  the  immense  quantities  of  gas  which  are  given  olf 
from  the  craters  and  fumaroles,  we  must  readily  come  to  the 
conclusion  that  from  this  source  by  far  the  greater  part  of  the 
atmospheric  carbon  dioxide  is  derived.  In  fact  Poggendorff 
has  calculated  that  at  least  ten  times  as  much  is  derived  from 
this  source  as  from  all  others  put  together.  The  numbers 
given  above  for  the  amount  yielded  by  other  sources  are  pro- 
bably greater  than  similar  numbers  deduced  by  Poggendorff, 
since  the  amount  of  coal  used  and  the  population  have  both 
increased  since  his  time.  Instead,  therefore,  of  taking  ten 
times,  if  we  take  five  we  shall  perhaps  approach  very  near  to 
the  absolute  amount  given  by  Poggendorff.  This  will  give 
us  about  40,000  million  kilogrammes  daily  given  to  the  atmo- 
sphere from  subterranean  sources*. 

Taking  the  whole  of  these  results  together,  we  have  that 
from  all  sources  there  is  daily  added  to  the  atmosphere  the 

*  Supposing  this  COj  produced  according  to  the  equation 

CaC03=OaO+CO„ 

•SVC  shall  have  daily  decomposed  about  90,000  million  kilngrammes  of 
limestone. 
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enormous  amount  of  at  least  50,000  millions  of  kilogrammes 
of  carbon  dioxide.  Dividing  the  absolute  amount  given  above 
by  this  number,  we  find  that  the  amount  of  carbon  dioxide  in 
the  atmosphere  woidd  he  doidjle  ivhat  it  is  at  present  in  about 
one  liundred  years  if  there  icere  no  means  of  compensation.  In 
arriving  at  this  estimate  no  account  has  been  taken  of  the 
amount  of  oxygen  used  up  in  producing  the  dioxide.  This 
obviously  affects  the  first  three  sources  only;  but  by  taking  it 
into  account  we  should  reduce  the  time  somewhat;  but  practi- 
cally this  correction  is  so  slight  that  it  can  be  neglected. 
PoggendorflJ"  made  a  similar  calculation,  and  gave  386  years  as 
the  period  which  it  would  take  to  double  the  amount  of  the 
dioxide,  supposing  there  were  no  compensating  influences  at 
work.  The  discrepancy  in  the  two  numbers  is  explained, 
first,  by  the  absolute  amount  of  CO2  in  the  air  being  much 
less  according  to  my  calculations  than  that  previously  sup- 
posed, and  also  by  the  circumstance  that  PoggendorfF's  esti- 
mate of  the  amount  yielded  by  the  combustion  of  carbonaceous 
substances  was  much  less,  owing  to  the  defective  data  at  his 
command. 

Compensating  Influences. 
Having  now  arrived  at  an  estimate  of  the  amount  of  carbon 
dioxide  daily  added  to  the  atmosphere,  let  us  examine  the 
causes  which  bring  about  its  decomposition  and  removal  from 
the  air.  The  known  causes  which  are  at  work  producing  this 
change  may  be  considered  under  three  heads,  viz.: — 

(1)  Fixation  of  carbon  by  growing  plants. 

(2)  Removal  of  dioxide  by  zoophytes. 

(3)  Absorption  of  dioxide  by  inorganic  chemical  actions. 
The  first  cause  here  mentioned  is  one  which  is  essential  to 

almost  all  forms  of  vegetable  growth.  In  estimating  its  mag- 
nitude we  are  met  by  the  want  of  reliable  experimental  data, 
making  it  almost  impossible  to  arrive  at  any  definite  conclu- 
sion. It  is,  however,  the  only  one  which  restores  the  oxygen 
to  the  atmosphere,  in  the  other  two  actions  the  dioxide  being 
absorbed  bodily  without  being  decomposed.  Also  most,  if 
not  all,  the  decomposition  effected  by  plants  will  occur  durino- 
the  spring  and  summer,  the  most  active  period  of  plant-growth. 
The  second  and  third  causes  act  continuously.  Certain  expe- 
riments have  shown  that  a  square  metre  of  leaf  will  decompose 
in  sunlight  about  a  litre  of  OO2.  Also  Mr.  Trelawny  Saun- 
ders, some  years  ago,  calculated  for  Sir  Charles  Lyell  the  area 
of  the  land-surface  of  the  globe.     The  figures  he  gives  are*: — 

Total  area  of  land 57,600,000  square  miles. 

Area  of  Arctic  and  Antarctic  land  .     8,200,000        „        „ 
*  Ansted's  'Physical  Geography,'  p.  xxxviii. 
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Thus  the  land-surface  bearing  vegetation  capable  of  decom- 
posing carbon  dioxide  amounts  to  49,400,000  square  miles.  A 
large  portion  of  this  land,  however,  is  uncovered  by  vegeta- 
tion :  cities  are  built  on  it;  barren  mountains  rise  out  of  it; 
and  large  I'ivers  run  through  it.  Estimating  the  absolute 
area  of  leaf  (i.  e.  chlorophyll-bearing  organs)  borne  by  the 
plant-bearing  land  of  the  earth  as  50  per  cent,  of  the  total 
area,  we  find  that  24,700,000  square  miles  of  leaf  are  en- 
gaged in  purifying  the  atmosphere.  This  is  equal  to  about 
63,973,000,000,000  square  metres,  which  gives  the  number  of 
litres  of  CO2  decomposed  per  hour.  But  sunlight  only  lasts, 
on  an  average,  about  ten  hours  a  day;  consequently  the  total 
amount  daily  decomposed  is  equal  to  ten  times  this  amount. 
Finally,  allowing  25  per  cent,  for  the  diminution  of  the  action 
which  takes  place  in  winter,  we  find  that  the  enormous  amount 
of  479,000  millions  of  kilolitres,  or  over  900,000  millions  of 
kilogrammes  of  carbon  dioxide  are  decomposed  daily.  This 
amount  is  much  greater  than  that  produced  from  all  sources 
taken  together.  But  it  must  be  remembered  that  a  large  por- 
tion of  the  carbon  thus  withdrawn  by  plants  during  the  spring 
and  summer  months  is  returned  to  the  air  again  by  the  decom- 
position of  the  leaf  in  autumn.  Although  we  have  allowed  for 
this  above,  yet  if  plant-action  is  anything  like  so  powerful  as 
these  calculations  show,  that  allowance  will  have  to  be  consi- 
derably increased.  Again,  a  reduction,  and  perhaps  a  consi- 
derable one,  will  have  to  be  made  on  account  of  the  respiration 
which  has  been  proved  to  take  place  in  some  plants  during 
the  hours  of  darkness;  but  I  am  unable  to  find  an  account  of 
any  experiments  upon  this  point.  The  magnitude  of  this 
action  given  by  these  calculations  is  astonishing.  This  paper 
was  commenced  under  the  idea  that  the  action  usually  attri- 
buted to  plants  was  greatly  overestimated,  and  that  their 
purifying  effect  was  exaggerated.  It  will  be  seen  that  the 
vegetable  life  on  the  globe  is  sufficient  of  itself  to  keep  up 
the  purity  of  the  air.  The  author  wishes  this  statement  to  be 
received  with  caution,  because  of  the  unsatisfactory  nature 
of  the  fundamental  experiment  upon  which  the  calculations 
are  based,  and  also  of  our  total  want  of  knowledge  of  the 
amount  of  plant-respiration.  This  latter  action  may  be  much 
greater  than  is  usually  supposed. 

The  second  great  action  going  on  in  nature  is  effected  by 
the  interposition  of  animal  life.  It  consists  in  the  removal 
from  sea-water  of  the  carbon  dioxide  held  by  it  in  solution  by 
certain  low  forms  of  animal  life.  The  most  important  of  these 
are  Actinozoa  and  Foraminifera — the  former  being  concerned 
in  the  building  of  coral  reefs,  and  the  latter  in  forming  those 
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immense  masses  of  rock-material  of  which  the  chalk  and 
nummulitic  limestone  maybe  taken  as  examples.  Certain  other 
forms  of  animal  life,  such  as  Brachiopoda  &c.,  also  add  their 
influence  to  that  of  these  lower  forms;  but  their  effects,  how- 
ever, are  comparatively  insignificant.  The  immense  influence 
exerted  by  these  minute  creatures  is  evident  when  we  re- 
member the  vast  masses  of  limestone  entirely  of  organic  origin 
occurrino;  in  o-eoloffical  formations  of  all  ages.  Millions  of 
tons  of  limestone  formed  in  this  way  occur  in  the  solid  crust 
of  the  earth;  and  every  ton  of  limestone  contains  about  nine 
hundredweight  of  dioxide.  Nor  is  this  action  confined  to  the 
past.  It  is  as  active  now,  in  all  probability,  as  when  engaged 
in  building  up  those  immense  deposits  of  w^hite  chalk  so 
abundant  in  some  parts  of  Europe.  Recent  deep-sea  sound- 
ings have  revealed  the  fact  that  Foraminiferal  life  still  flou- 
rishes in  the  depths  of  the  ocean,  while  the  coral-polypes  are 
still  building  reefs  in  the  warmer  seas.  On  the  other  hand, 
we  must  not  forget  that  Darwin  has  shown  that  these  coral- 
polypes  can  only  exist  in  water  of  a  certain  temperature,  which 
is  onlylattained  in  the  warmer  seas,  and  at  a  certain  depth  below 
the  surface  of  this  water.  Their  influence,  therefore,  is  limited 
and  confined  to  a  comparatively  small  area  of  the  globe. 
Another  circumstance  which  seems  to  have  been  overlooked 
by  most  writers  upon  the  suliject  is,  that  this  dioxide  fixed  in 
the  solid  state  in  this  way  is  contained  in  the  water,  and  not 
in  the  atmosphere.  It  is  generally  supposed  that  all  of  it  has 
been  derived  from  the  air;  but  a  very  large  portion  must  have 
been  obtained  from  submarine  volcanic  eruptions,  and  never 
formed  part  of  the  atiuosphere  at  all.  Taking  all  things  into 
consideration,  this  cause,  although  very  powerful,  seems  rather 
to  be  one  whose  influence  is  only  felt  after  the  lapse  of  many 
years,  and,  for  activity,  cannot  be  equal  to  the  first  one. 

The  third  action  going  on  in  nature  effecting  the  purification 
of  the  air  is  a  strictly  inorganic  one.  Included  under  this  head 
are  such  processes  as  the  conversion  of  felspar  into  kaolin,  the 
decomposition  of  such  silicates  as  hornblende,  pyroxene,  &c. 
The  large  deposits  of  kaolin  and  decomposed  felspar  which  are 
met  with  in  the  earth  sufficiently  prove  the  magnitude  of  this 
action.  Calculations  were  made  many  years  ago  by  Ebelmen 
(see  the  Receuil  des  Trav.  Scient.  deM.  Ebelmen,  Paris,  1855), 
and  have  recently  been  recalculated  and  very  clearly  stated  in 
an  excellent  paper  by  Dr.  T.  Sterry  Hunt,  F.R.S.*  A  glance 
at  the  numbers  given  in  these  memoirs  will  show  the  vast  and 
important  effect  which  these  processes  must  have  exerted. 

*  "  Chemical  and  Geological  Relations  of  the  Atmospliere,"  i^merican 
Journal  of  Science,  May  1880. 

Phil.  Mag.  S.  5.  Vol.  14.  No.  89.  Nov.  1882.  2  D 
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Thus,  Dr.  Hunt  says  "  that  a  weight  of  carbonic  dioxide  equal 
to  more  than  twenty-one  times  that  of  our  present  atmosphere 
would  be  absorbed  in  the  production  from  orthoclase  of  a  layer 
of  kaolin  extending  over  the  earth's  surface  with  a  thickness 
of  500  metres,  an  amount  which  evidently  represents  but  a 
small  proportion  of  the  results  of  felspathic  decay  in  the  sedi- 
mentary strata  of  the  globe/'  Evidently,  then,  here  we  have 
a  cause  which  has  removed,  and  is  removing,  a  vast  amount  of 
carbon  dioxide  from  the  atmosphere.  Any  estimate  of  the 
rate  of  its  action  is  obviously  impossible.  It  must  not  be  for- 
gotten, however,  that  subaerial  felspathic  decay  is  a  very  slow 
process,  and  that  therefore  the  large  deposits  of  decomposed 
felspar  found  in  the  earth  seem  to  point  rather  to  a  compara- 
tively slow  process  acting  through  an  immense  number  of  years 
than  to  a  rapid  process  such  as  that  effected  by  plants. 

General  Conclusions. 

It  is  of  course  evident  that,  if  the  compensating  influences 
are  just  equal  in  amount  and  in  rate  of  action  to  the  producing 
ones,  the  amount  of  carbon  dioxide  in  the  air  will  remain  con- 
stant. Unfortunately  an  insufficiency  of  reliable  data  prevents 
a  definite  answer  being  given  to  such  a  question.  The  fore- 
going considerations,  however,  seem  to  show  that  in  all  pro- 
bability the  causes  at  work  removing  atmospheric  dioxide  are 
more  powerful  than  those  producing  it.  As  a  consequence, 
the  atmosphere  is  being  robbed  of  this  constituent,  the  greater 
part  of  which  is  becoming  fixed  in  the  solid  earth  as  carbonate 
of  lime.  But  this  process  has  already  gone  on  for  so  long  a 
time,  that  there  is  already  fixed  in  this  way  an  immense  quan- 
tity of  CO2  equal  to  many  hundreds  of  times  the  amount  con- 
tained in  the  existing  atmosphere.  The  question  of  the  source 
of  this  large  amount  naturally  arises;  but  the  answer  to  bo 
given  must  simply  be  an  admission  of  our  want  of  knowledge. 
The  idea  that  it  all  at  one  time  formed  part  of  the  atmosphere 
of  the  globe  has  been  suggested  by  Brongniart;  and  Dr. 
Sterry  Hunt  considers  {loc.  cit.)  that  a  universal  atmosphere 
of  the  same  quality  as  that  of  the  earth  exists,  from  which  the 
carbon  dioxide  now  fixed  in  the  earth's  crust  has  been  derived. 

There  can  be  no  doubt  that,  unless  we  accept  the  latter  of 
these  theories,  there  must  at  some  antecedent  period  have  been 
an  atmosphere  covering  the  globe  much  richer  in  this  gas  than 
the  present  one ;  but  whether  such  an  atmosphere  would 
account  for  the  luxuriant  vegetation  of  the  Coal  Period  is  at 
present  an  open  question.  If  Dr.  Hunt's  hypothesis  be  a  cor- 
rect one,  it  is  interesting  to  remember  that  the  carbon  which 
we  contain  in  our  bodies   may  have  existed  at  one  time  as  a 
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portion  of  the  body  of  an  inhabitant  of  the  most  distant 
member  of  the  universe.  But  whichever  way  we  consider  the 
subject  in  the  light  of  the  facts  which  we  have  stated,  it  is  full 
of  unusual  difficulty,  and  is  singularly  devoid  of  accurate 
experimental  data. 

XLIII.    On  the  Dimensions  of  the  Magnetic  Pole 
in  Electrostatic  Measwe. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

I  HAVE  had  the  honour  of  reading  a  letter  upon  the  di- 
mensions of  the  magnetic  pole  in  electrostatic  me;isure 
which  Dr.  Lodge  addresses  to  you  this  month.  His  sugges- 
tion seems  to  me  to  reconcile  the  views  of  Prof.  Clausius  ami 
Mr.  J.  J.  Thomson  on  this  subject.  A  model  of  the  magnetic 
system  must  be  made  in  a  substance  of  the  same  magnetic 
permeability  as  the  medium  that  is  to  surround  the  current- 
system,  and  must  be  substituted  in  the  place  of  the  magnets, 
before  any  comparison  can  be  effected.  The  two  systems, 
current-  and  magnetic,  will  then  be  always  equivalent  if  once 
equivalent. 

Dr.  Lodge  treats  this  as  a  suggestion  ;  but  I  think  it  is 
almost  susceptible  of  demonstration.  According  to  Weber's 
law,  a  current  flowing  in  a  closed  circuit  can  be  replaced  by  a 
simple  magnetic  shell  of  which  the  edge  coincides  with  the 
circuit.  The  shell  may  be  as  thin  as  we  please;  but  its  strength 
must  have  a  definite  value.  This  law  we  only  know  to  be  true 
for  air.  Consider  any  equipotential  surface  of  the  positive 
magnetism  on  one  ftice  of  the  shell,  at  a  distance  from  it  infi- 
nitely smaller  than  the  thickness  of  the  shell.  It  passes  through 
the  substance  of  the  shell,  issuing  at  the  edges,  and  covers  the 
positive  face.  Similarly  such  an  equipotential  surface  of  the 
negative  magnetism  on  the  other  face  passes  through  the 
substance  without  cutting  the  former  surface,  and  covers  the 
negative  face. 

If  on  each  of  these  surfaces  ive  spread  a  surface-magnetism 
of  winch  the  density  is  the  quotient  of  the  magnetic  force  hy  47r, 
then  for  all  points  outside  the  pair  of  surf  aces  and  the  shell  we 
may  replace  the  latter,  and  therefore  its  equivalent  current- 
system,  by  the  magnetic  coats  upon  the  equipotential  surfaces. 

Now  consider  any  diaphragm,  S,  completely  enclosing  these 
surfaces  and  the  slioll.  If  instead  of  air  we  substitute  a  me- 
dium of  magnetic  permeability  yu.  throughout  space  outside  S, 
a  surface-density  <t  is  developed  upon  S.  But  the  equipoten- 
tial surfaces  and  the  coats  of  magnetism  thereon  are  not 
affected  by  this  development ;  for  they  relate  onlv  to  the  en- 
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closed  system.  Hence  the  magnetic  and  current-systems,  if 
equivalent  in  air,  are  equivalent  in  a  medium  which  does  not 
penetrate  through  any  portion  of  the  space  occupied  by  the 
magnetic  substance. 

It  is  particularly  to  be  noticed  that,  while  in  air  any  two  of 
the  infinite  number  of  magnetic  shells  equivalent  to  two  closed 
currents  exercise  the  same  attraction  upon  one  another,  this  is 
no  longer  true  when  they  are  immersed  in  the  medium  ix. 
Then  each  pair  exercises  the  same  attraction  as  the  two  cur- 
rents when  the  corresponding  diaphragms  S  are  drawn  in  the 
shape  of  the  magnetic  shells. 

An  experiment  made  by  me  in  the  Cavendish  Laboratory 
last  June  confirms,  as  far  as  it  goes,  Dr.  Lodge's  view  ;  but, 
fearing  to  make  my  letter  too  long  for  insertion,  I  must  post- 
pone any  account  of  it  for  the  present. 

I  am,  Grentlemen, 

Your  obedient  servant, 

October  20,  1882.  E.  B.  SarGANT. 

XLIV.  Notices  respecting  New  Boohs. 

The  Concepts  and  Theories  of  Modern  Physics.     By  J.  B.  Stallo. 
London  :  Kegan  Paul  and  Trench.    1882. 

TO  wYite  an  adequate  criticism  of  this  book  would  involve  writing 
a  book  of  equal  size.  In  the  present  review  it  is  intended  to 
make  clear  the  standpoint  from  m  hich  the  author  speaks,  and  the 
general  conclusions  reached,  rather  than  to  enter  into  a  detailed 
criticism  of  these  conclusions.  The  failure  to  appreciate  the  posi- 
tion from  which  the  author  writes  has  already  led  to  some  mis- 
understanding and  not  a  Little  confusion.  It  is  stated  in  the  preface 
that  the  work  is  intended  "  as  a  contribution  not  to  phvsics,  nor 
certainly  to  metaph_ysics,  but  to  the  theory  of  cognition."  There  is 
probably  no  word  which  is  more  quoted  and  less  understood  than 
the  word  "  metaphysics."  It  is  used  by  hardly  any  two  writers  in 
the  same  sense ;  and  it  is  not  too  much  to  say  that  in  many  cases 
it  is  merely  used  as  a  term  of  abuse  without  any  clear  conception 
of  its  meaning.  As  in  the  present  work  this  word  is  constantly 
used,  and,  moreover,  as  the  author's  main  purpose  is  to  sliow  that 
certaui  scientific  theories  are  in  reality  metaphysical,  it  will  be  im- 
portant to  understand  precisely  the  siguitication  which  he  puts 
upon  the  word.  It  is  abundantly  evident  from  the  whole  book  that 
the  subject  which  Mr.  Stallo  condemns,  and  rightly  condemns,  uuder 
the  name  of  metaphysics  is  that  which  is  far  better  designated  by 
ontology  ;  and  in  fact  he  himself  frequently  uses  these  terms  as 
synonymous.  The  assumption  of  fictitious  entities  as  causes,  the 
belief  that  "the  true  nature  of  things  can  be  discovered  ouly  by 
divesting  them  of  their  relations — that  to  be  truly  knowni  they 
must  be  known  as  they  are  in  themselves  in  their  absolute  essence," 
and  in  fact  the  whole  procedure  of  ontology,  is  what  is  meant  by 
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"  metaphysics."  Against  metaphysics  in  this  sense  o£  the  term  the 
author,  in  common  with  many  other  scientific  writers,  wages  un- 
ceasing war.  Admitting  tlie  utter  futility  of  the  ont(jIogical  method, 
it  is  very  questionable  whether  this  has  not  been  overdone,  whether 
this  reiteration  of  abuse  against  ontology  is  not  mere  slaying  of  the 
slain.  It  is  far  otherwise  if,  after  a  man  has  clearly  understood 
what  ontology  means  and  has  been  convinced  of  the  falsity  of  its 
method,  he  sets  himself  to  see  whether  these  same  errors  exist  in 
subjects  non-metaphysical,  and  even  in  the  reasoning  of  those  who 
were  loudest  with  their  revilings.  This  is  action,  not  profession, 
and  indeed  noble  and  useful  work  in  the  field  of  criticism.  As 
Prof.  Huxley  most  truly  has  said,  "  It  is  the  business  of  criticism, 
not  only  to  \ee\)  watch  over  the  vagaries  of  philosophy,  but  to  do 
the  duty  of  police  in  the  whole  world  of  thought.  AVherever  it 
espies  sophistry  or  superstition  they  are  to  be  bidden  to  stand,  nay, 
they  are  to  be  followed  to  their  very  dens  and  there  appreliended  and 
exterminated,  as  Othello  smothex'ed  Desdemona,  '  else  she'll  betray 
more  men.' "  This  in  truth  is  the  task  which  Mr.  Stallo  has  un- 
dertaken in  the  present  volume,  having  chosen  the  field  of  science 
for  his  beat. 

Besides  having  critical  value,  it  is  stated  that  the  work  is  "  in- 
tended as  a  contribution  to  the  theory  of  cognition."  Now  this 
term,  which  is  a  translation  of  the  German  "  Erkenutniss-Theorie," 
is  but  seldom  used  in  this  country  in  precisely  the  same  sense  which 
is  here,  in  common  with  modern  German  usage,  adopted.  In  the 
present  work  it  is  used  in  a  sense  very  similar,  if  not  identical, 
with  what  I  have  called  the  "New  Metaphysic"  (Phil.  Mag.  xiv. 
p.  75) — that  is  to  say,  in  regard  to  method.  The  author,  as  we  have 
seen,  entirely  rejects  the  "  old  metaphysic,"  or  ontological  method 
of  inquiry — "  all  cognition  being  founded  upon  a  recognition  of 
relations  ;"  and  his  theory  of  cognition  seeks  to  discover  these  rela- 
tions. The  "  thing  per  se,"  the  "  Ding  an  sich"  or  thing-in-itself  of 
Kant,  and  "the  absolute,"  as  well  as  the  assumption  of  other  fic- 
titious entities  as  the  "  fountain  and  origin  of  all  phenomenal 
existence,"  is  distinctly  repudiated ;  and  hence  these  conceptions 
form  no  part  of  his  theory  of  cognition.  Prom  this  standpoint  the 
author  proceeds  to  examine  the  validity  of  the  reasoning  upon 
Avhich  the  mechanical  theory  and  other  scientific  theories  rest.  It 
may  fairly  be  asked,  what  are  the  qualifications  of  the  author  for 
this  by  no  means  easy  undex-takiug?  The  title-page  of  the  book 
affords  no  information  on  this  point.  It  will  therefore  be  probably 
unknown  to  most  readers  of  the  book  in  this  country  that  the 
author  is  an  American  judge  of  no  small  reputation,  who  (I  believe 
myself  to  be  correct  in  saying)  was  formerly  a  professor  of  physical 
science. 

The  book  itself  bears  witness  to  the  author's  wide  acquaintance 
with  philosophical  and  scientific  writings.  The  volume  may  be 
divided  into  two  parts.  The  first,  consisting  of  eight  chapters,  is 
devoted  to  a  rigid  examination  of  the  atomic  theory,  the  kinetic  theory 
of  gases,  and  the  doctrine  of  the  conservation  of  energy.  While  ad- 
mitting the  value  of  tlie  atomic  theory  as  a  "  working  hypothesis,"  the 


398  Notices  respecting  Neio  Books. 

author  attempts  to  show  that,  as  a  scientific  explanation  of  the  con- 
stitution of  matter,  it  is  of  little  or  no  value.  The  kinetic  theory  of 
gases  is  condemned  without  reservation,  as  not  even  satisfying  the 
conditions  of  a  scientific  theory  and  as  based  upon  ontological 
assumptions.  The  doctrine  of  the  conservation  of  energy  is  con- 
sidered to  be  sound  ;  and  the  chapter  which  is  devoted  to  its  exami- 
nation shows  an  intimate  acquaintance  at  least  with  the  history  of 
the  subject,  A  detailed  criticism  of  the  validity  of  the  author's 
conclusions  (for  there  is  much  to  be  said  against  them)  would  be 
impossible  within  the  limits  of  a  review ;  and  therefore  this  will 
not  be  attempted  here ;  but  one  or  two  positive  errors  and  miscon- 
ceptions will  be  noticed.  In  the  first  place,  it  is  incorrect  to  say 
(p.  23)  "  that  with  few  exceptions  scientific  men  of  the  present  day 
deem  the  validity  of  the  mechanical  explanation  of  the  phenomena 
of  nature  to  be,  not  only  unquestionable,  but  absolute,  exclusive, 
and  final.  They  believe  that  this  validity  is  not  conditioned,  either 
by  the  present  state  of  human  intelligence,  or  by  the  nature  and 
extent  of  the  phenomena  which  present  themselves  as  objects  of 
investigation."  The  reverse  of  this  is  nearer  to  the  truth.  A  man 
of  science,  in  the  capacity  of  a  scientific  investigator,  is  logically 
compelled  to  consider  no  explanation  or  theory  as  final,  but  to  be 
prepared  at  any  moment  to  abandon  an  explanation  which  should 
prove  to  be  insufficient  or  at  variance  with  facts,  in  favour  of 
another  which  more  adequatel}'  accounts  for  them.  This  is  what 
all  scientific  men  hold  and  are  bound  to  hold,  as  Liebig  expressed 
it  in  a  passage  actually  quoted  by  the  author  in  another  part  of 
the  book,  "  The  secret  of  all  those  who  make  discoveries  is  that 
they  regard  nothing  as  impossible.''  Throughout  the  book  the 
author  seems  to  lose  sight  of  the  necessary  tentativeness  of  all  scien- 
tific theories.  Under  the  head  of  the  Atomic  Theoiy  the  author 
discusses  the  doctrine  of  the  indestructibility  of  matter.  In  Chap- 
ter II.  he  states  that  the  true  coiTelate  of  motion  is  not  matter,  but 
mass  ;  and  hence  this  term  is  used  where  ordinarily  the  word  matter 
is  employed  ;  but  when  discussing  the  indestructibility  of  matter  in 
Chapter  VII.  we  find  that  he  uses  this  term,ai)d  not  indestructibility 
of  mass,  which  is  really  what  chemists  mean.  The  current  doc- 
trine is  first  stated,  "  That  the  constancy  of  mass  is  attested  by  the 
I)alance,  which  shows  that  neither  fusion  nor  sublimation,  neither 
generation  nor  corruption,  can  add  to  or  detract  from  the  weight 
of  a  body  subjected  to  experiment.  When  a  pound  of  carbon  is 
burned,  the  balance  demonstrates  the  continuing  existence  of  this 
pound  in  the  carbonic  acid,  which  is  the  product  of  combustion,  and 
from  which  the  original  weight  of  carbon  may  be  recovered.  To 
test  the  correctness  of  this  interpretation  we  may  be  permitted 
slightly  to  vary  the  method  of  verifyingit.  Instead  of  burning  the  car- 
bon, let  us  simply  carry  it  to  the  summit  of  a  mountain  or  i'emo\  e  it 
to  a  lower  latitude  :  is  its  weight  still  the  same  ?  Eelatively  it  is : 
it  will  still  balance  the  original  counterpoise.  But  the  absolute 
weight  is  no  longer  the  same.  This  appears  at  once  if  we  give 
to  the  balance  another  form,  taking  a  pendulum  instead  of  a  pair 
of  scales."     What  the  author  means  by  talking  about  "  absolute 
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weight,''  when  he  so  rigidly  insists  "  that  there  is  nothing  abso-. 
lute  or  unconditioned  in  the  world  of  I'ealitv,"  is  by  no  means  clear, 
especially  as  we  find  from  the  context  that  what  he  calls  "  absolute 
weight  "  is  evidently  and,  indeed,  necessarily  based  upon  a  relation. 
In  any  sense  the  expression  "absolute  weight"  is  a  contradiction 
in  terras.  From  this  the  author  argues  that  "  the  ordinary  state- 
ment of  the  fact  is  crude  and  inadequate;"  and  adds  that  it  is 
"  further  necessary  to  remember  that  this  weight  may  be  infinitely 
reduced,  without  any  diminution  in  the  mass  of  the  body  weighed, 
by  a  mere  change  of  its  position  in  reference  to  the  body  between 
which  and  the  body  weighed  the  relation  subsists."  It  is  this  very 
constancy  of  mass  or  quantity  of  matter  amid  all  changes,  of  ne- 
cessity relatively  determined,  which  chemists  mean  to  indicate 
by  the  expression  "  indestructibility  of  matter ;"  and  the  author's 
criticism  merely  amounts  to  a  quibble  about  words  ;  he  has  mis- 
taken the  letter  for  the  spirit.  Of  the  second  half  of  the  volume, 
Chapters  IX,  to  XII.  are  devoted  to  the  theory  of  Cognition,  and 
contain  an  analysis  of  scientific  ultimates.  Matter,  Force,  Time,  and 
Space — that  is,  a  consideration  of  how  we  really  know  these,  to 
what  realities  these  woi'ds  correspond.  This  being  not  strictly  a 
scientific  inquuy,  although  of  much  interest  and  importance,  the 
results  will  not  be  considered  here.  In  Chaptei's  XIII,  and  XTV, 
transcendental  geometry  receives  most  severe  and  lengthy  treat- 
ment. Lobatschewsky's  non-Euclidean geometrj'- and  Eiemanu's  doc- 
trine of  the  mauifolduess  of  space,  which  have  occupied  the  attention 
of  the  most  eminent  mathematicians  during  recent  years,  are  consi- 
dered to  be  absurd.  The  same  ontological  error  "  which  has  given 
rise  to  the  atomo-mechanical  theory  in  physics,  has  led  to  the  doe- 
trine  of  pangeometry  in  mathematics,"'  Even  admitting  the  author's 
criticism  as  to  the  nature  of  space,  it  by  no  means  follows  that  trans- 
cendental geometry  is  not  a  legitimate  department  of  mathematics. 
The  Xebtilar  Hypothesis  is  considered  in  Chap.  XV.  as  the  cosmogony 
of  the  atomo-mechanical  theory.  The  author  rejects  the  hypothesis, 
first,  because  "  all  speculations  respecting  the  universe  as  an  unli- 
mited whole  "  are  f  Lindamentally  inadmissible ;  and,  secondly,  the 
hypothesis  has  proved  to  be  at  variance  with  a  number  of  impor- 
tant astronomical  facts.  The  last  chapter  of  the  book  consists  of 
a  summary  and  forecast,  the  author  concluding  that  "the  atomo- 
mechanical  theory  cannot  be  the  true  basis  of  modern  physics,"  and 
looking  to  the  Conservation  of  Energy  as  a  basis  for  the  future. 

On  the  whole  the  book  deserves  careful  consideration  from  all 
physicists  ;  for  although  the  author  has  more  than  once  mistaken 
the  letter  for  the  spirit,  which  gives  some  of  the  criticism  a  ludi- 
crous aspect,  and,  further,  has  in  many  cases  attributed  to  Science 
speculative  doctrines  and  opinions  held  by  individual  scientific  men, 
yet  there  is  much  acute  and  careful  critical  work  in  the  volume. 
Certainly  Science  ought  to  be  the  first  to  welcome  and  the  last  to 
reject  candid  criticism  of  her  methods  and  theories ;  for,  perhaps 
even  more  than  other  pursuits.  Science  maintains  Magna  est  Veritas 
et  prcevalehit.  Wtxdham  R.  Dunstan, 
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ON  DE.  C.  W.  SIEMENS' S  ]ST:W  THEORY  OF  THE  SUN. 
BY  M.  FAYE. 
TT  would  appear  that  this  theory  has  greatly  struck  our  physicists ; 
-'-  for  it  had  scarcely  appeared  in  London  when  it  was  translated 
and  published  in  France  in  various  forms,  and  especially  in  the  last 
number  of  the  Annales  de  C'hlmie  et  de  Physique.  I  suppose  that 
the  principal  object  of  this  haste  was  the  announcement  of  fresh 
experiments  which  have  been  instituted  by  the  author  upon  the 
chemical  action  of  light.  It  is  well  known  that,  under  the  action 
of  light  cukI  with  the  intervention  of  the  cldorojjhijll  of  plants, 
aqueous  vapour  and  carbonic  acid  are  decomposed  at  ordiuary  tem- 
peratures, and  brought  back  to  the  combustible  form,  carbon  and 
hydrogen  variously  associated.  Dr.  Siemens  has  tried  whether  the 
action  of  the  light  of  the  Sun  alone  would  not  produce  this  decompo- 
sition if  we  submit  to  it,  without  any  other  intermediary,  aqueous  va- 
pour and  carbonic-acid  gas  excessively  rarefied,  brought  for  example 
to  the  vacuum  of  ygVo-  -^^^  experiments,  which,  in  my  opinion, 
only  require  a  counter-test  which  it  would  be  easy  to  institute, 
have  given  perfectly  affirmative  results.  Thus,  the  burnt  gases 
having  been  brought  to  such  a  rarefaction  that  they  no  longer 
permitted  the  passage  of  the  induction- spark,  a  few  hours'  exposure 
to  the  light  of  the  Sun  sufficed  to  enable  the  mixture  to  allow  this 
spark  to  pass  with  the  well-known  coloration  that  it  acquires  in 
hydrocarburetted  media  *. 

Eegarding  these  beautiful  experiments  as  decisive,  Dr.  Siemens 
has  been  led  to  inquire  whether  this  phenomenon  does  not  per- 
form in  the  universe  a  part  still  more  considerable  than  in  vege- 
table life.  Supposing  Space  to  be  filled  with  analogous  gases, 
already  burnt,  the  light  of  the  Sun  would  revivify  the  combustibles 
hydrogen  and  carbon,  which  would  then  be  quite  ready  to  furnish 
the  food  of  a  fresh  combustion. 

By  drawing  them  to  himself  and  burning  them  afresh,  the  Sun 
would  recuperate  a  good  portion  of  the  enormous  heat  which  one 
is  grieved  to  see  him  radiating  in  pure  loss  into  celestial  space. 

Dr.  Siemens  has  thus  been  led  to  put  forward  the  follo'«'ing 
hypothesis : — Space  is  filled  with  burnt  gases,  aqueous  vapour 
and  carbonic  acid,  mixed  with  inert  gases,  nitrogen  &c.,  pretty 
nearly  the  same  as  those  of  our  atmosphere,  at  a  pressure  of 
-ir^xj-  These  gases  are  partially  converted  into  combustibles 
under  the  action  of  the  solar  light ;  then,  by  a  mechanism  like  that 
of  the  fan  of  a  blower,  the  Sun  draws  them  to  himself,  burns  them, 
and  sends  them  back  again  into  space.  This  immense  source  of 
heat  would  be  continually  resuscitated ;  the  only  part  of  its  radia- 
tion lost  would  be  that  which  is  not  absorbed  by  the  cosmical 
medium  of  a  density  of  215^ xr- 

*  A  vacuum  produced  in  a  bell-g-lass  into  which  a  drop  oi  oil  of 
turpentine  has  previously  been  introduced,  for  example. 
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It  is  perfectly  true  that,  for  the  physicist,  air  at  g-oVo  "'oukl  be 
an  almost  absolute  vacuum,  so  much  so  indeed  that  in  such  a 
vacuum  the  electric  spark  would  no  longer  pass.  But  to  the 
astronomer  such  a  medium  would  be  very  dense.  When  we 
speak,  in  Astronomy,  of  the  resistance  of  a  medium  or  of  the 
aether,  and  when  by  the  aid  of  the  most  delicate  observations  and 
the  most  profound  calculations,  we  seek  for  traces  of  this  re- 
sistance, we  have  to  do  with  a  very  different  thing. 

Without  entering  upon  these  discusions,  I  will  remark  that  the 
trajectory  of  a  cannon-ball  with  a  velocity  of  500  m.  is  sufficiently 
altered  at  the  end  of  a  few  seconds  to  compel  artillerists  to  take 
into  account  the  resistance  of  the  air  in  their  tables. 

If  the  air  is  reduced  to  2 t/jj^j,  but  the  velocity  of  the  projectile 
becomes  that  of  the  celestial  movements,  60  times  as  much  for 
example,  these  palpable  effects  will  become,  for  a  multitude  of 
celestial  projectiles  of  dimensions  comparable  to  those  of  our 
cannon-balls,  twice  as  great  as  in  our  firing-grounds,  and  this  not 
merely  at  the  end  of  a  few  years  or  a  few  centuries,  but  at  the 
end  of  a  few  seconds. 

In  the  second  place,  it  seems  to  me  that  the  celebrated  English 
physicist  has  somewhat  neglected  to  examine  into  the  quantity  of 
matter  which  he  adds  to  the  solar  system.  Under  the  influence  of 
attraction  this  matter  would  go  to  unite  itself  with  the  preexisting 
stars,  with  the  sun  especially,  and  would  continually  augment  their 
mass.  Nothing  is  easier  than  to  form  an  idea  of  this.  A  litre  of  air 
containing  the  required  proportion  of  aqueous  vapour  weighs  at  least 
1  gr.  at  the  ordinary  pressure.  At  a  pressure  of  ttoVu  ^^^^^  ^'^^^  b® 
O'OOOo  gr.,  and  a  cubic  metre  will  weigh  O'OOOo  kilog.  This  being 
settled,  if  we  restrict  the  solar  system  to  a  sphere  including  all 
the  planets  as  far  as  Xeptune,  the  weight  of  the  excessively  rarefied 
matter  added  by  the  hypothesis  would  be,  in  kilogrammes, 

I TT  (6400000  X  24000  x  30)^  x  0-0005  kilog.  * 

The  actual  weight  of  the  Sun  is,  in  kilogrammes, 

I  TT  (64000000)3  x  5-6  X  324000 1. 

The  first  is  100,000  times  as  great  as  the  second.  It  is  there- 
fore 100,000  times  the  mass  of  the  Sun  that  this  hypothesis  adds  to 
those  of  which  celestial  mechanics  has  hitherto  kept  so  minute  an 
account. 

It  is  not  very  probable  that  the  astronomers  will  adopt  such 
hypotheses.  Xo  doubt  they  would  be  pleased  to  think  that  Nature 
has  proA-ided  the  Sun  with  resources  to  make  his  heat  last  longer  ; 
but  as  his  final  refrigeration  is  still,  under  any  circumstances,  a 

*  The  first  number  is  the  radius  of  the  earth  in  metres  ;  the  second  the 
distance  of  om-  globe  from  the  Sun  in  terrestrial  radii ;  the  third  the 
distance  of  Neptmie  in  parts  of  the  distance  of  the  Sun. 

t  The  first  number  is  the  radius  of  the  earth  in  decimetres ;  the  second 
the  mean  density  of  our  globe  referred  to  that  of  water ;  the  third  the 
mass  of  the  Sun  referred  to  that  of  the  earth. 
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tolerably  distant  catastrophe,  they  Avill  console  themselves  by  the 
thought  that  the  things  of  this  world,  even  the  most  beautiful,  do 
not  appear  to  be  made  to  last  for  ever. 

As  to  the  fundamental  experiments  of  Dr.  Siemens,  the}^  will 
lose  none  of  their  importance  in  their  eyes.  The  business  is 
to  surprise  a  secret  of  living  natiu-e,  one  of  tlie  laws  of  the  organic 
world  ;  and  their  desire  will  be  that  Dr.  Siemens  may  pursue  the 
course  in  which  he  has  commenced  so  brilliantly,  even  though  they 
cannot  hope  to  have  a  very  bright  light  thrown  by  it  upon  their 
own  researches. — Comptes  Bendus,  October  9,  1882,  p.  G12. 


ON  THE  CONNEXION  BETWEEN  THE  GAS-DENSITY  AND  STRATUM- 
INTERVAL  IN  GEISSLER  TUBES.      BY  DR.  E.  GOLDSTEIN. 

Let  the  total  length  of  a  series  of  immediately  consecutive  strata 
of  the  positive  light,  of  which  the  first  is  that  which  is  next  to  the 
positive  end  of  the  tube,  divided  by  the  number  of  strata,  be  called 
the  mean  interval.  The  following  data  respecting  this  quantity  are 
abstracted  from  experiments  ^^•ith  dvj  air,  hydrogen,  and  mixtures 
of  the  two,  under  such  conditions  of  the  discharge  that  the  strata 
do  not  exhibit  the  to-and-fro  A'ibrating  saucer-shapes  Avhich  escape 
any  precise  measurements,  but  appear  in  the  so-called  nebulous 
forms,  which  can  be  brought  to  a  considerably  greater  degree  of 
stability.  In  opposition  to  the  generally  curreiit  view  that  these 
clouds  represent  degenerations  and  derangements  of  the  proper 
stratification,  I  have  already*  called  attention  to  the  far  greater 
probability  that  they  only  represent  the  full  development  of  that 
phenomenon.  The  thick  cloudy  strata  stand  in  precisely  the  same 
relation  to  the  thin  saucer-like  strata  as  a  long-rayed  tuft  light  at 
the  cathode  to  thin  films  at  first  investing  the  cathode,  from  which, 
with  diminishing  density  of  the  gas,  the  elongated  rays  are  deve- 
loped. In  order  to  form  a  clear  conception,  I  wished,  further,  to 
be  able  to  presuppose  as  known  that  in  cylindi'ical  tubes  tjie 
stratum-interval  inci'eases  with  increasing  width  of  the  tubef,  so 
that,  in  tubes  filled  with  air,  the  intervals  between  the  individual 
strata,  when  the  latter  are  most  distinctly  formed,  are  about  equal 
to  the  diameter  of  the  tube  J. 

If,  now,  we  determine,  for  cylindrical,  tubes  of  different  widths 
inserted  in  the  current-circuit,  from  an  equal  number  of  strata  the 
mean  stratum-interval  J,  J',  J", . . .  for  any  two  pressures  of  gas  d 
and  I,  we  obtain  constantly 

Jrf  ^_  J^  __  J'  d 

T         T'         T"    •  •  •  ' 

in  words : — For  cylindrical  tubes  of  different  widths,  the  mean 
stratum-interval  constantly  varies  in  the  same  ratio  between  the 
same  gas-pressures.     Tlierefore,  if,  for  example,  in  one  of  the  tubes 

*  Wied.  Ann.  xii.  p.  272. 

t  Monatsl).  iler  Akad.  Berlin,  1876,  p.  294 ;  Phil.  Mag.  [5]  iv,  p.  353. 

\  Wied.  Ann,  xii.  p.  272. 
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the  stratum-interval  has  by  the  rarefaction  of  the  gas  been  raised 
to  twice  or  three  times  its  first-measured  value,  then  in  all  the 
other  tubes  the  intervals  have  been  doubled  or  trebled. 

The  tube-diameters  in  my  experiments  varied  between  2  millim. 
and  4  centim.  The  above-mentioned  regularity  came  out,  indepen- 
dently of  whether  the  different  cylinders  formed  separate  vessels 
with  two  metallic  electrodes  each,  or  whether,  united  into  a  single 
tube,  they  were  inserted  in  a  line  one  behind  another  in  the  current. 

The  law  is  moreover  found  to  hold  good  equally  whether  the 
mean  interval  be  taken  from  a  large  or  a  small  number  of  strata, 
provided  the  numbers  in  the  different  tubes  be  equal,  although  at 
the  same  time  the  absolute  value  changes.  From  this  it  can  be 
concluded  that  each  single  interval  also  increases  in  accordance  with 
the  above-mentioned  law. 

The  Aalue  of  the  mean  interval  is  found  with  great  regularity  to 
be,  in  every  tube,  as  much  smaller  as  the  number  of  strata  from 
which  it  is  derived  is  greater.  Yet  the  amplitude  of  the  undulation, 
multiplied  by  the  greatest  number  of  strata  employed,  never  reaches 
the  value  of  the  smallest  of  the  single  intervals.  Consequently, 
from  the  above  law  it  follows  that,  if  in  any  tube  the  magnitude  of 
the  mean  stratum-interval  for  a  series  of  gas-densities  D^,  D., . . .  D„ 
is  known,  and  also,  for  a  number  of  other  tubes,  each  value  of  the 
mean  interval  that  corresponds  to  any  one  of  those  densities,  the 
number  of  the  strata  which  these  tubes  can  show  at  all  the  densities 
from  Dj  to  D„  can  be  calculated. 

The  proportion  --  =  — ^  permits  us  to  conclude  that  the  func- 

tion  according  to  which  the  mean  interval  varies  with  the  gas- 
density  is  the  same  for  tubes  of  different  widths.  Experiments 
for  the  purpose  of  ascertaining  that  function  gave  the  following 
result : — 

If  the  rarefactions  of  the  gas  increase  in  a  geometrical  series,  the 
stratum-intervals  are  augmented  also,  A-ery  nearly,  in  a  geometrical 
series.  But  the  exponents  of  the  two  series  are  not  identical ; 
that  is,  the  stratum-intervals  are  not  (as  was'once  maintained  by 
the  other  side)  inversely  proportional  to  the  pressure  of  the  gas. 
On  the  contrary  the  measurements  prove  that  the  intervals  increase 
much  more  slowly  than  the  rarefactions — ^approximately  at  the  rate 
of  ^  when  the  rarefaction  is  3.  I  will  defer  more  definite  state- 
ments until  I  have  determined  the  exjjonents  with  the  greatest 
possible  exactness,  for  which  I  am  at  present  expei'imenting  on  a 
Toepler  pump  in  the  form  described  by  von  Hagen*. — Monatsbe- 
ricJite  cler  Koii.  Akacl.  der  Wissemchafteu  zii  Berlin,  1881,  pp.  876- 
878  (separate  impression,  communicatd  by  the  Author). 

ON  THE  ELASTICITY  OF  RAREFIED  GASES.       BY  E.  H.  AMAGAT. 

This  subject  has  already  been  treated  by  Mendeleef,  Kirpitchoff 
and  Hemilian,  by  Silgerstrom,  and  by  myself.     Those  researches 

*  Wied.  Ann.  xii.  p.  425. 
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having  led  to  different  results,  I  thought  it  uecessarv  to  resume 
my  experiments,  considerably  improving  my  apparatus,  especially 
in  what  concerns  the  measurement  of  the  pressures,  which  is  the 
only  difficulty  peculiar  to  this  investigation.  The  method  employed 
having  been  already  described  in  the  Annales  de  Chimie  et  de 
Phi/suj^ue,  t.  viii.  (1876),  1  shall  only  dwell  on  the  modification 
w  hich  the  differential  barometer  has  undergone  ;  it  is  the  essentially 
delicate  part  of  the  apparatus,  all  the  other  parts  of  which  have 
also  been  considerably  improved.  This  barometer  consists  of  a 
single  glass  tube  bifurcating,  at  about  70  centim.  above  the  level  of 
the  mercury  in  the  cistern,  into  two  wider  cylindrical  branches,  one 
of  which  forms  the  barometric  chamber,  and  the  other  is  put  into 
communication  with  the  space  filled  with  the  gas  the  pressure  of 
which  is  to  be  measured.  The  immediate  result  of  this  disposition 
is  that  there  is  no  need  to  attend  to  the  differeuce  of  temperature 
between  the  two  mercurial  columns,  which  are  here  joined  into  one 
at  a  little  distance  below  the  meniscuses.  The  branches  of  the 
bifurcation  are  prolonged  upwards  by  stems  of  very  small  diameter, 
having  each  a  glass  cock,  and  joining  again  to  form  a  single  stem. 
The  rest  of  the  apparatus  is  disposed  so  that  the  manometer  can  be 
charged  m  place  by  the  process  generally  adopted  nowadays,  which 
consists  in  first  exhausting  it  with  a  Wprengel  pump ;  this  was 
worked,  moreover,  during  all  the  time  of  the  filling,  so  as  to  main- 
tain the  vacuum  continually  dry  by  the  intervention  of  a  tube 
containing  phosphoric  acid.  All  suction  of  air  through  the  slender 
point  was  avoided  by  covering  the  surface  of  the  mercury  with  a 
layer  of  sulphuric  acid,  which  remained  in  the  cistern  during  all 
the  experiments.  Abo\e  the  lower  single  branch  was  a  glass  cock, 
by  closing  which  the  differential  barometer  could  be  transformed 
into  an  ordinary  truncated  barometer,  and  thus  the  errors  due  to 
■\ariations  of  the  atmospheric  pressure  be  eliminated — which  is 
extremely  important. 

In  order  to  avoid  as  far  as  possible  the  errors  due  to  refraction 
and  capillarity,  the  two  branches  of  the  manometer,  befoi-e  being 
soldered  to  the  single  stem,  were  rounded  and  polished  inside  with 
the  same  copper  mandrel,  so  as  to  be  rendered  perfectly  cylindrical ; 
a  plane  facet  was  then  cut  on  the  exterior,  quite  parallel  to  the 
generating  lines  of  the  interior  cylinder.  This  done,  the  pieces 
were  soldered,  the  necessary  precautions  being  taken  to  keep  the 
plane  facets  rigorously  in  the  same  plane. 

These  pieces  ai-e  very  ditficult  to  obtain :  a  large  number  of  them 
break  or  split,  either  during  the  rounding,  or  the  soldering,  or  even 
after  these  operations  are  finished.  The  cylinders  were  smoothed 
and  cut  by  M.  Lutz ;  the  manometers  were  afterwards  finished  by 
M.  Alvergniat ;  that  is  to  say,  they  were  made  with  all  the  skill  and 
perfection  that  could  be  wished  for. 

To  eliminate  capillarity-errors,  an  internal  diameter  of  2  centim. 
was  given  to  the  cylinders  ;  and  they  were  evidently  perfectly 
equal:  it  was  easy  to  verify  that  the  mercury  in  tliem  was  in  per- 
fect equilibrium  under  the  thread  of  the  cathetometer. 
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I  shall  not  dwell  upon  the  precautions  which  I  took  with  respect 
to  the  illurainatiou  of  the  meniscus  (by  means  of  a  pencil  of  elec- 
tric light  sifted  by  passing  through  a  column  of  water  coloured  with 
a  little  bichromate  of  potass)  in  order  to  be  certain  of  A^iewing  the 
upper  part  of  it,  Hei'e  a  cause  of  error  exists  which  is  much  more 
frequent  than  is  geueralh'  thought,  especially  when  the  black  sil- 
houette of  the  meniscus  is  projected  upon  a  bright  ground. 

The  measurements  were  performed  with  a  small  cathetometer 
of  a  peculiar  construction,  on  -which  -^\-^  millim.  could  be  read  off, 
aud  which  I  had  made  by  M.  Benevolo,  in  my  private  atelier,  spe- 
cially for  these  researches^ 

In  my  first  investigation  I  descended  only  to  6-5  millim.  pres- 
sure ;  this  time  I  have  often  operated  with  pressures  below  1  mil- 
lim. I  alwaj's  arrived  at  the  result  that  the  deviation  is  of  the 
order  of  magnitude  of  unavoidable  errors.  Indeed,  for  initial 
pressures  of  12  miUim.  (in  round  numbers),  two  series  composed  of 

vv 
numerous  fairly  concordant  results  gave  for  the  A^alue  of  =y-,    (v 

pv 

being  seusibly  =  2v')  the  numbers  0*9986  and  1*0020  relative  to 

air;  for  the  initial  pressures  comprised  between  3  and  4  millim. 

the  results  varied  between  0'9999  aud  1*0040;  and  for  pressures 

near  1  millim.  the  extremes  are  0*999  and  1*015 :  this  divergence 

corresponds  to  an  error  of  15  millim.  in  the  measurement  of  the 

pressure.     All  these  numbers  are  means. 

In  his  experiments  M.  Mendeleef  obtained  a  series  of  products ^^v. 
This  appears  a  more  favourable  condition  for  showing  how  those 
products  vary.  According  to  him,  they  go  on  decreasing  with  the 
pressure,  starting  from  a  certain  pressure  which  would  be  6  decim. 
for  air.  In  order  to  prevent  any  delusion  in  this  respect,  it  is  well 
to  observe  that  every  sensibly  constant  cause  of  error  in  the  esti- 
mation of  the  pressures,  taking  effect  upon  smaller  and  smaller 
pressures,  and  consequently  giving  a  relatively  greater  and  greater 
error,  will  produce  the  illusion  of  a  regular  augmentation  or  dimi- 
nution of  the  products  pv.  This  is  what  must  result,  for  example, 
from  the  want  of  absolute  vacuum  in  the  barometric  chamber,  even 
if  it  be  only  on  account  of  the  effect  produced  by  the  mercury 
vapour. 

In  short,  a  minute  examination  of  the  possible  errors  has  shown 
me  that,  even  if  one  could  attain  in  the  readings  the  precision 
spoken  of  by  M.  Mendeleef  (thousandths  of  a  degree,  and  thou- 
sandths of  a  millimetre),  that  pressure  would  be  illusory  in  the 
presence  of  errors  proceeding  from  manifold  causes — such  as  the 
refraction-  and  capillarity-errors  (which,  even  when  the  precautions 
I  have  indicated  are  taken,  are  never  absolutely  cancelled),  the 
eri'or  due  to  the  compelled  imperfection  of  the  barometric  chamber 
(which,  causing  all  the  pressures  to  appear  a  little  too  low,  tends  to 
produce  the  illusion  of  a  negative  deviation),  that  due  to  condensa- 
tion of  gases  on  the  sides  of  the  vessels  or  even  on  the  mercurv, 
&c.  &c. 

By  admitting  an  eri-or  of  one  or  two  hundredths  of  a  millimetre. 
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which  is  no  exaggeration,  we  ai'rive  at  divergences  of  the  ordei*  of 
magnitude  of  the  deviations  found  ;  it  is  therefore  impossible  to 
pronounce  a  decision  upon  either  the  direction  or  even  the  existence 
of  those  deviations.  All  that  we  can  say  is  that  at  the  lowest  pres- 
sures at  which  experiments  have  been  made  (1  millim.  or  even  less  ; 
I  have  experimented  at  t\\o  tenths  of  a  millimetre)  no  abrupt 
change  in  the  law  of  the  compressibility  of  gases  appears  to  be  pro- 
duced ;  they  still  follow  Mariotte's  law,  ^vith  the  exception  of  diver- 
gences for  which  the  experiments  cannot  be  responsible.  It  is 
certainly  possible  that  sufficient  rarefaction,  acting  like  a  great 
ele\'ation  of  temperature,  would  cause  other  gases  to  follow  the 
lawp(v  — «)  =  c,  as  takes  place  for  hydrogen  ;  but  there  is  a  great 
distance  from  this  to  the  boundary  state  spoken  of  by  Mendeleef 
and  Siljerstrom,  in  which  the  gases  would  become  iuiinitely  little 
compressible — a  mere  hypothesis,  to  which  the  numerical  results 
of  M.  Siljerstrom  do  not  eveu  appear  to  lead,  as  M.  Petier  has 
already  remarked  in  the  Journal  de  Physique. 

The  study  of  carbonic  acid  has  led  me  to  analogous  conclusions. 
For  hydrogen  the  deviations  found  have  varied  between  — O'OOIO 
and  0'0028  for  initial  pressures  between  3  and  G  millim.  in  round 
numbers. — Coinptts  Readus  dc  V Academic  des  Sciences,  Aug.  7,1882, 
t.  xcv.  pp.  281-284.  

ON  THE  INFLUENCE  OF  TEMPERATUKE  UPON  THE  SPECTRA  OF 
METALLOIDS.  BY  M.  D.  VAN  MONCKHOVEN. 
Kirchhoff  and  Bunsen  have  shown  that  the  temperature  of  the 
flame  in  which  a  substance  is  I'educed  to  vapour  has  no  influence 
upon  the  position  of  the  bright  lines  of  its  spectrum.  When,  for 
instance,  sodium  or  lithium  is  volatilized  in  the  flame  of  a  spirit- 
lamp,  or  in  that  of  the  oxyhydrogen  blowpipe,  the  lines  remain  the 
same,  but  their  brilliancy  increases  with  the  temperature :  most 
frequently  some  new  thin  lines  appear  at  the  elevated  temperatures  ; 
but  it  never  happens  that  those  which  have  already  been  emitted 
at  lower  teaiperatures  disappear.  If  this  is  always  the  case  as 
regards  the  metallic  vapoui's,  it  is  never  so  with  the  lines  emitted 
by  the  metalloids*.  Pliicker  has  in  fact  shown  that  oxygen,  ni- 
trogen, sulphur,  selenium,  &c.  give  two  different  spectra  which 
have  no  line  in  common,  according  as  the  spectral  tubes  contain- 
ing these  substances  are  heated  by  the  ordinary  spark  of  the  elec- 
trical machine  or  by  that  of  a  Leyden  jar.  He  admits  there- 
fore, and  with  him  nearly  every  physicist,  that  certain  elementary 
bodies  give,  at  a  high  temperature  (Leyden  jar),  a  spectrum  different 
from  that  given  by  the  same  body  at  a  low  temperature  (ordinary 
spark). 

But  numerous  and  varied  experiments  have  proved  that  we 
can  obtain  those  spectra  called  those  of  Jiigh  temperature  at  very 

*  Hydrogen  is  an  exception  ;  but  this  gas  is  knciwn  to  be  a  true 
metal,  not  only  as  to  its  chemical  properties,  but  also  as  to  its  physical. 
Hydrogen  bears,  as  regards  conductivity  of  heat  and  electricity,  the  same 
relation  to  other  gases  as  mercury  to  the  other  liquids. 


Intelligence  and  Miscellaneous  Articles.  407 

low  temperatures,  and  vice  versa.  Thus,  at  very  feeble  pressures 
(0-001  metre),  with  tubes  of  oxygen  or  nitrogen  and  with  very 
small  Le/den  jars,  we  obtain  the  spectrum  which  Pliicker  attributes 
to  high  temperatures,  while  the  tube  is  scai'cely  warm  after  the  ex- 
periment has  last  several  minutes,  and  the  brilliancy  of  the  light 
emitted  by  the  incandescent  gas  is  very  feeble.  The  same  tube, 
traversed  by  the  current  of  a  very  powerful  induction-coil  (without 
the  interposition  of  a  Leyden  jar),  emits,  on  the  contrary,  an  ex- 
tremely bright  light,  becomes  rapidly  hot,  and  nevertheless  gives 
the  spectriun  which  Pliicker  attributes  to  low  temperatures. 

But  here  is  a  still  more  decisive  experiment.  Let  us  take  a  tube 
in  the  form  of  an  H  with  four  electrodes,  and  filled  with  nitrogen*, 
oxygen,  or  one  of  those  gases  (or  vapours)  which  give  two  spectra. 
Through  this  tube  let  us  pass  at  the  same  time  the  currents  of 
two  induction-coils,  of  which  one  has  a  Leyden  jar  interposed. 
We  shall  observe  the  two  spectra  superposed — the  spectrum  assigned 
to  elevated  temperatures  {^Leyden  jar),  and  the  spectrum  assigned  to 
low  temperatures  (ordinary  sjxa'Jc). 

According  to  Pliicker's  hypothesis,  the  gas  would  liave,  at  the 
same  physical  instant,  two  different  temperatures,  which  is  inad- 
missible. 

It  may  perhaps  be  objected  that,  the  interrupters  of  the  two  coils 
not  working  strictly  in  unison,  the  perception  of  the  two  si)ectra  is 
due  to  the  persistence  of  the  images  upon  the  retina.  But  this  is  not 
the  case,  as  some  tubes,  especially  with  oxygen,  give  forth  light  for 
several  tenths  of  a  second  after  the  current  has  been  interrupted. 

We  attribute  the  change  in  the  spectra  given  by  these  metalloids 
to  a  vibratory  state  peculiar  to  their  molecules,  directly  depending 
upon  the  nature  of  the  electricity  employed.  Thus,  a  tube  of 
highly  rarefied  hydrogen  gas,  submitted  to  the  action  of  ordinary 
sparks,  presents  quite  a  different  aspect  from  the  same  tube  submitted 
to  the  action  of  the  condensed  spark. 

Highly  rarefied  gases,  tru\ersed  by  the  continuous  current  of  the 
battery,  or  by  a  current  interrupted  by  sparks  (induction-coil),  pre- 
sent a  dynamical  state  well  known  under  the  name  of  stratification. 
But  this  stratification  differs  entirely,  according  as  we  employ  the 
ordinary  spark,  the  condensed  spark,  or  the  continuous  current  of 
a  battery  of  very  high  tension. 

"We  shall  see  in  further  communications  that  vnih.  each  different 
beha^'iour  of  an  incandescent  gas  (alteration  in  the  stratification, 
colour  of  the  light  emitted,  &c.)  there  is  always  a  corresponding 
modification,  and  often  an  entire  change,  in  its  spectral  lines — an 
effect  assuredly  independent  of  the  temperature. — Comptes  Hendus, 
Sept.  18,  1882. 

ON  A  THERMOSCOPEC  METHOD  FOR  THE  DETERMINATION  OF 

THE  OHM.       BY  G.  LIPPMANN. 
It  will  be  remembered  that  Mr.  Joulet  employed  a  calorimetric 

*  Nitrogen  in  the  electric  arc  gives  a  diiierent  spectrum  from  that  given 
by  Geissler's  tubes  or  the  spark  in  air. 

t  Reports  of  the  Committee  &.C.,  pp.  175-190  (London,  1873). 
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method  for  the  determination  of  the  ohm.  The  method  which  I  am 
about  to  describe  differs  from  that  of  the  eminent  physicist  in  not 
requiring  the  quantities  of  heat  to  be  measured  or  the  mechanical 
equivalent  of  heat  E  to  be  knowTi.  This  last  point  is  not  unim- 
portant ;  for  in"  Joule's  calorimetric  method  the  final  approximation 
is  limited  by  the  uncertainty  at  present  existing  respecting  the 
exact  value  of  the  number  E ;  that  is  to  say,  the  possible  error  is 
neary^_. 

The  wire  of  which  I  wish  to  know  the  resistance  is  placed  in  the 
middle  of  a  vessel  arranged  as  a  calorimeter  in  the  centre  of  an  en- 
closure with  a  constant  temperatui'e.  An  electric  curx'ent  is  passed 
into  the  wire,  and  its  intensity  i  measured.  I  wait  until,  in  con- 
sequence of  the  heat  liberated  by  the  current,  the  vessel  attains  a 
stationary  temperature ;  I  leisurely  ascertain  that  it  is  so  by  em- 
ploying a  thermometer,  or,  rather,  a  sensitive  thermoscojye,  placed 
inside  the  vessel.  This  done,  I  interrupt  the  current,  and  then  set 
in  action  a  motor  which  produces  friction  in  the  midst  of  the  vessel 
that  already  contains  the  wire.  The  heat  evolved  by  the  friction  is 
substituted  for  that  just  before  evolved  by  the  current.  I  manage 
so  that  the  stationary  temperature  resumes  its  former  value  ;  I  then 
have  ri^=T,  T  being  the  work  expended,  whence  the  value  of  r. 
It  is  scarcely  necessary  to  add  that  the  friction-apparatus  must 
remain  in  the  vessel  which  contains  it,  even  when  it  is  not  in  ope- 
ration, and  be  furnished  with  the  known  arrangements  for  measu- 
ring T.  It  is  also  more  convenient  to  commence  by  the  friction- 
experiment,  and  afterwards  to  regulate  the  intensity  i  so  as  to 
recover  the  same  stationary  temperature.  Lastly,  it  may  be  advan- 
tageous, for  apparatus  of  large  capacity,  to  replace  the  observation 
of  the  stationary  temperature  by  that  of  the  velocity  of  the  heating. 

In  the  form  given  to  it  by  Joule  in  1867,  the  calorimetric 
method  of  the  English  physicist  rests  equally  upon  the  measure- 
ment of  i  and  the  measurement  of  a  mechanical  work,  namely  the 
work  done  at  the  time  of  the  determination  of  E.  Moreover,  it 
involves  two  calorimetric  measurements,  which  are  to  be  mutually 
eliminated  from  the  final  result — namely,  the  calorimetric  measure- 
ment which  accompanies  the  determination  of  E,  and  that  which 
accompanies  the  passage  of  the  electric  current.  These  interme- 
diate determinations  bring  in  their  causes  of  error  and  their  cor- 
rections, owing  to  the  imperfections  of  the  calorimeters  employed 
in  making  them.  I  dispense  with  them  b}''  taking  care  to  expend 
the  \^ork  T  and  the  electric  energy  ?-r  in  one  and  the  same  calo- 
riscopic  vessel.  It  becomes  as  needless  to  ascertain  the  quantity 
of  heat  evolved  in  that  vessel  as  to  ascertain  the  weight  of  the 
tare  in  a  double  weighing  ;  and  the  advantage  obtained  appears 
analogous  to  that  which  there  would  be  in  replacing  two  successive 
single  weighings,  made  with  different  balances  and  different  weights, 
by  a  Borda's  double  weighing. —  Comptes  Rendus  de  I' Academic  des 
Sciences,  Oct,  9,  1882,  t.  xcv.  pp.  634,  635. 
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XLVI.  On  Variations  in  the  Vertical  due  to  Elasticity  of  the 
Earth's  Surface.  By  G.  H.  Darwin,  F.R.S.,  formerly 
Felloio  of  Trinity  College,  Cambridge* . 

1.    On  the  Mechanical  Effects  of  Barometric  Pressure  on  the 
Earth'' s  Surface. 

THE  remarks  of  Signore  de  Rossi,  on  the  observed  con- 
uesion  between  barometric  storms  and  the  disturbance 
of  the  vertical,  have  led  me  to  make  the  following  investiga- 
tion of  the  mechanical  effects  which  are  caused  bv  variations 
of  pressure  acting  on  an  elastic  surface.  The  results  seem  to 
show  that  the  direct  measurement  of  the  lunar  disturbance  of 
gravity  must  for  ever  remain  impossible. 

The  practical  question  is  to  estimate  the  amount  of  distor- 
tion to  which  the  upper  strata  of  the  earth's  mass  are  sub- 
jected, when  a  wave  of  barometric  depression  or  elevation 
passes  over  the  surface.  The  solution  of  the  following  problem 
should  give  us  such  an  estimate. 

Let  an  elastic  solid  be  infinite  in  one  direction,  and  be 
bounded  in  the  other  direction  by  an  infinite  plane.  Let  the 
surface  of  the  plane  be  everywhere  acted  on  by  normal  pres- 
sures and  tractions,  which  are  expressible  as  a  simple  harmonic 
function  of  distances  measured  in  some  fixed  direction  along 

*  Appendix  to  tlie  Second  Report  of  the  Committee  of  the  British 
Association  on  the  Lunar  Disturbance  of  Gravity.  Read  at  the  Meeting 
at  Southampton,  August  1882.     Communicated  by  the  Author. 
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the  plane.  It  is  required  to  find  the  form  assumed  by  the 
surface,  and  oenerallv  the  condition  of  internal  strain. 

This  is  clearly  equivalent  to  the  problem  of  finding  the  dis- 
tortion of  the  earth's  surface  produced  by  parallel  undulations 
of  barometric  elevation  and  depression.  It  is  but  a  slight 
objection  to  the  correctness  of  a  rough  estimate  of  the  kind 
required,  that  barometric  disturbances  do  not  actually  occur 
in  parallel  bauds,  but  rather  in  circles.  And  when  we  con- 
sider the  magnitude  of  actual  terrestrial  storms,  it  is  ob^dous 
that  the  curvatui-e  of  the  earth's  surface  may  be  safely  neg- 
lected. 

This  problem  is  mathematically  identical  with  that  of  finding 
the  state  of  stress  produced  in  the  earth  by  the  weight  of  a 
series  of  parallel  mountains.  The  solution  of  this  problem  has 
recently  been  published  in  a  paper  by  me  in  the  '  Philosophical 
Transactions'  (part  ii.  1882,  pp.  187-230);  and  the  solution 
there  found  may  be  adapted  to  the  present  case  in  a  few- 
lines. 

The  problem  only  involves  two  dimensions.  If  the  origin 
be  taken  in  the  mean  horizontal  surface,  which  equally  divides 
the  mountains  and  valleys,  and  if  the  axis  of  z  be  horizontal 
and  perpendicular  to  the  mountain-chains,  and  if  the  axis  of  x 
be  drawn  vertically  downwards,  then  the  equation  to  the 
mountains  and  valleys  is  supposed  to  be 

7  ^ 

X-=  — /iCOS  7, 

0 

SO  that  the  wave-length  from  crest  to  crest  of  the  mountain- 
ranges  is  27r&. 

The  solution  may  easily  be  found  from  the  analysis  of  sec- 
tion 7  of  the  paper  referred  to.     It  is  as  follows: — 

Let  a,  7  be  the  displacements  at  the  point  x,  z  vertically 
downwards  and  horizontally  («  has  here  the  opposite  sign  to 
the  «  of  (44)).  Let  w  be  the  density  of  the  rocks  of  which  the 
mountains  are  composed,  g  gravity,  v  modulus  of  rigidity  ; 
then 


1  ^  cm 

Iv       dz 

where  ^j  ,        .,       z 

W  =  —  gwh  e'^'"  cos  t- 

From  these  we  have  at  once 
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doL  qxoli  { ^       x\      ,, 


z 
'sin  7. 
b 


The  first  of  these  gives  the  vertical  displacement,  the  second 
the  horizontal,  and  the  third  the  inclination  to  the  horizon  of 
strata  primitively  plane. 
At  the  surface, 


qwh ,        z  ^ 

«='-^6cosp  r=o, 

da.  qivh  .    z 

T  =~%~  sma- 
rts; 2v        b 


(3) 


Hence  the  maximum  vertical  displacement  of  the  surface  is 
±gwhh/'2v,  and  the  maximum  inclination  of  the  surface  to 
the  horizon  is 

±  cosec  1"  X  gtvh/2v  seconds  of  arc. 

Before  proceeding  further,  I  shall  prove  a  very  remarkable 
relation  between  the  slope  of  the  surface  of  an  elastic  horizontal 
plane  and  the  deflection  of  the  plumb-line  caused  by  the  direct 
attraction  of  the  weight  producing  that  slope.  This  relation 
was  pointed  out  to  me  by  Sir  William  Thomson,  when  I  told 
him  of  the  investigation  on  which  I  was  engaged  ;  but  I  am 
alone  responsible  for  the  proof  as  here  given.  He  writes  that 
he  finds  that  it  is  not  confined  simply  to  the  case  where  the 
solid  is  incompressible;  but  in  this  paper  it  will  only  be  proved 
for  that  case. 

Let  there  be  positive  and  negative  matter  distributed  over 
the  horizontal  plane  according  to  the  law  loh  cos  (z  /  b) :  this 

*  It  is  easy  to  verify  tliat  these  values  of  «  and  y,  together  with  the 
valne  2}= ffu^h  e-^/^  cos  z/b  for  the  hydrostatic  pressure,  satisfy  all  the  con- 
ditions of  the  problem,  by  giving  normal  pressure  (/tvh  cos  z  lb  at  the  fi-ee 
surface  of  the  infinite  plane,  and  satisf_ydng  the  equations  of  internal  equi- 
librium throughout  the  solid.  I  take  this  opportunity  of  remarking  that 
the  paper  from  which  this  investigation  is  taken  contains  an  en-or,  inas- 
much as  the  hydrostatic  pressm-e  is  erroneously  determined  in  section  1. 
The  term  —  W  should  be  added  to  the  pressure  as  determined  in  (3). 
This  adds  "W  to  the  normal  stresses  P,  Q,  R  throughout  the  paper,  but 
leaves  the  difference  of  stresses  (which  was  the  thing  to  be  determined) 
unaffected.  If  the  reader  should  compare  the  stresses  as  determined  from 
the  values  of  «,  7  in  the  text  above,  and  from  the  value  of  jo  given  in  this 
note,  with  (38)  of  the  paper  referred  to,  he  is  warned  to  remember  the 
missing  term  W. 

2E2 
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forms,  in  fact,  harmonic  momitains  and  valleys  on  the  infinite 
plane.  We  require  to  find  the  potential  and  attraction  of  such 
a  distribution  of  matter. 

Now  the  potential  of  an  infinite  straight  line,  of  line-density 
p,  at  a  point  distant  d  from  it,  is  ■well  known  to  he  —  2/ip  log  d, 
where  /x  is  the  attraction  between  unit  masses  at  unit  distance 
apart.  Hence  the  potential  V  of  the  supposed  distribution  of 
matter  at  the  point  x,  z  is  given  by 

y  =  -'2ixwh  I  "^ "cos |log  -/{a-^  +  {^-zy\d^ 

It  is  not  hard  to  show  that  the  first  term  vanishes  when  taken 
between  the  limits. 

Now  put  t= so  that  sin  j  =  sin  ^  cos  7  +  cos  ^  sin  f? 

^  X  b  0        b  0        b 

and  we  have 

V  =  Zfiwlib  1        I  ^^^ IT  ^^^  1  +  ^^^ T^^^h)  1 2' 

But  it  is  known*  that 

C'^'^t^inctdt  ^      r  +  "^cosc^  ,       „ 

I  —  CO  »,    —  CO 

Therefore  tt     o         77  _wa       ^ 

V  =  ZTTfjbiuhbe  ""  cos  j- 

lig  be  gra"vnty,  a  earth's  radius,  and  S  earth's  mean  density, 

And 

V=%^'5e-^/*cosf (4) 

lab  b  ^ 

The  deflection  of  the  plumb-line  at  any  point  on  the  surface 
denoted  by  .^'=0,  and  z,  is  clearly  dY  /gdz.  when  x=0.  There- 
fore 

the  deflection  = x    '^  ^  sin  7.      .     .     .     (5) 

g        lab        b  ^   ^ 

da. 
But  from  (2)  the  slope  (or  -7-)  when  z  is  zero)  is 

qwh  .    z 
"  See  Todhunters  '  Intep.  Calc' ;  chapter  on  "  Definite  Integrals." 
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Therefore  deflection  bears  to  slope  the  same  ratio  as  v/g  to 
^a8.  This  ratio  is  independent  of  the  wave-length  27rb  of  the 
undulating  surface,  of  the  position  of  the  origin,  and  of  the 
azimuth  in  the  plane  of  the  line  normal  to  the  ridges  and  val- 
leys. Therefore  the  proposition  is  true  of  any  combination 
whatever  of  harmonic  undulations  ;  and  as  any  inequality  may 
be  built  up  of  harmonic  undulations,  it  is  generally  true  of 
inequalities  of  any  shape  whatever. 

Now  a  =6-37  x  10^  centim.,  S  =  5|  ;  and  ^oS  =  12-03  x  10« 
grammes  per  square  centimetre.  The  rigidity  of  glass  in 
gravitation-units  ranges  from  I'O  x  10^  to  2-4  x  10^.  There- 
fore the  slope  of  a  very  thick  slab  of  the  rigidity  of  glass,  due 
to  a  weight  placed  on  its  surface,  ranges  from  8  to  5  times  as 
much  as  the  deflection  of  the  plumb-line  due  to  the  attraction 
of  that  weight.  Even  wdth  rigidity  as  great  as  steel  (viz. 
about  8  X  10^),  the  slope  is  1^  times  as  great  as  the  deflection. 

A  practical  conclusion  from  this  is  that,  in  observations 
with  an  artificial  horizon,  the  disturbance  due  to  the  weight 
of  the  observer's  body  is  very  far  greater  than  that  due  to  the 
attraction  of  his  mass.  This  is  in  perfect  accordance  with  the 
observations  made  by  my  brother  and  me  with  our  pendulum 
in  1881,  when  we  concluded  that  the  warping  of  the  soil  by 
our  weight  when  standing  in  the  observing-room  was  a  very 
serious  disturbance,  whilst  we  were  unable  to  assert  positively 
that  the  attraction  of  weights  placed  near  the  pendulum  was 
perceptible.  It  also  gives  emphasis  to  the  criticism  we  have 
made  on  M.  Plantamour's  observations — namely,  that  he  does 
not  appear  to  take  special  precautions  against  the  disturbance 
due  to  the  weight  of  the  observer's  body. 

We  must  now  consider  the  probable  numerical  values  of  the 
quantities  involved  in  the  barometric  problem,  and  the  mode 
of  transition  from  the  problem  of  the  mountains  to  that  of 
barometric  inequalities. 

The  modulus  of  rigidity  in  graAntation-units  (say  grammes 
weight  per  square  centimetre)  is  v/g.  In  the  problem  of  the 
mountains,  ich  is  the  mass  of  a  column  of  rock  of  one  square 
centimetre  in  section  and  of  length  equal  to  the  height  of  the 
crests  of  the  mountains  above  the  mean  horizontal  plane.  In 
the  barometric  problem,  ich  must  be  taken  as  the  mass  of  a 
column  of  mercury  of  a  square  centimetre  in  section  and  equal 
in  height  to  a  half  of  the  maximum  range  of  the  barometer. 

This  maximum  range  is,  I  believe,  nearly  two  inches,  or,  let 
us  say,  5  centim. 

The  specific  gravity  of  mercury  is  13'6;  and  therefore 
ivh=d4:  grammes. 

The  rigidity  of  glass  is  from  150  to  240  million  grammes 
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per  square  centimetre,  that  of  copper  540,  and  of  steel  843 
millions, 

I  will  take  v/g=Sx  10* ;  so  that  the  superficial  layers  of 
the  eai'th  are  assumed  to  be  more  rigid  than  the  most  rigid 
glass.  It  will  he  easy  to  adjust  the  results  afterwards  to  any 
other  assumed  rigidity. 

With  these  data  we  have 

gioh      5  "67 
^7~l0^' 

ako  64^00  ^  ^  =  o"-0117. 

TT  10^ 

It  seems  not  unreasonable  to  suppose  that  1500  miles 
(2*4  X  10^  centim.)  is  the  distance  from  the  place  where  the 
barometer  is  high  (the  centre  of  the  anti-cyclone)  to  that 
where  it  is  low  (the  centre  of  the  cyclone).  Accordingly  the 
wave-length  of  the  barometric  undulation  is  4-8  x  10^  centim., 
and  />  =  4'8x  10^-^6-28  centim.,  or,  say,  b  =  -Sx  W  centim. 

Thus,  with  these  data, 

gioh 


2v 


6  =  4*5  centim. 


We  thus  see  that  the  ground  is  9  centim.  higher  under  the 
barometric  depression  than  under  the  elevation. 

If  the  sea  had  time  to  attain  its  equilibrium  slope,  it  would 
stand  5  x  13*6,  or  68  centim.  lower  under  the  high  pressure 
than  under  the  low.  But  as  the  land  is  itself  depressed  9  cen- 
tim., the  sea  would  apparently  only  be  depressed  59  centim. 
under  the  high  barometer. 

It  is  probable  that,  in  reality,  the  larger  barometric  inequa- 
lities do  not  linger  quite  long  enough  over  particular  areas  to 
permit  the  sea  to  attain  everywhere  its  due  slope,  and  therefore 
the  full  difference  of  water-level  can  only  be  attained  occa- 
sionally. 

On  the  other  hand,  the  elastic  compression  of  the  ground 
must  take  place  without  any  sensible  delay.  Thus  it  seems 
probable  that  the  elastic  compression  of  the  ground  must  exer- 
cise a  very  sensible  effect  in  modifying  the  apparent  depres- 
sion or  elevation  of  the  sea  under  high  and  low  barometer. 

It  does  not  appear  absolutely  chimerical  that  at  some  future 
time,  when  both  tidal  and  barometric  observations  have  attained 
to  great  accuracy,  an  estimate  might  thus  be  made  of  the 
average  modulus  of  rigidity  of  the  upper  500  miles  of  the 
earth's  mass. 

Even  in  the  present  condition  of  barometric  and  tidal  infor- 
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mation,  it  inight  be  interesting  to  make  a  comparison  between 
the  computed  height  of  tide  and  the  observed  height,  in  con- 
nexion with  the  distribution  of  barometric  pressure.  It  is 
probable  that  India  would  be  the  best  field  for  such  an  attempt, 
because  the  knowledge  of  Indian  tides  is  more  complete  than 
that  for  any  other  part  of  the  world.  On  the  other  hand,  we 
shall  see  in  the  following  section  that  tidal  observations  on 
coast-lines  of  continents  are  liable  to  disturbance,  so  that  an 
,  oceanic  island  w^ould  be  a  more  favourable  site. 

It  has  already  been  shown  that  the  maximum  apparent 
deflection  of  the  plumb-line,  consequent  on  the  elastic  com- 
pression of  the  earth,  amounts  to  0''"0117  ;  and  this  is  aug- 
mented to  0"'0146,  when  we  include  the  true  deflection  due 
to  the  attraction  of  the  air.  It  is  worthy  of  remark  that  this 
result  is  independent  of  the  wave-length  of  the  barometric 
inequality,  and  thus  we  get  rid  of  one  of  the  conjectural  data. 
Thus,  if  we  consider  the  two  cases  of  high  pressure  to  right 
and  low  to  left,  and  of  low^  pressure  to  right  and  high  to  left, 
we  see  that  there  will  be  a  diff'erence  in  the  position  of  the 
plumb-line  relatively  to  the  earth^s  surface  of  0''*0292.  Even 
if  the  rigidity  of  the  upper  strata  of  the  earth  were  as  great 
as  that  of  steel,  there  would  still  be  a  change  of  0"*011. 

A  deflection  of  magnitude  such  as  0""03  or  O'^'Ol  would 
have  been  easily  observable  with  our  instrument  of  last  year  ; 
for  we  concluded  that  a  change  of  20Q  of  a  second  could  be 
detected  when  the  change  occurred  rapidl3\ 

It  was  stated  in  our  previous  Report  that  at  Cambridge  the 
calculated  amplitude  of  oscillation  of  the  plumb-line  due 
directly  to  lunar  disturbance  of  gravity  amounts  to  0'''0216. 
Now,  as  this  is  less  than  the  amplitude  due  jointly  to  elastic 
compression  and  attraction,  .with  the  assumed  rigidity  (300 
millions)  of  the  earth's  strata,  and  only  twice  the  result  if  the 
rigidity  be  as  great  as  that  of  steel,  it  follows  almost  certainly 
that  from  this  cause  alone  the  measurement  of  the  lunar  dis- 
turbance of  gravity  mnst  be  impossible  with  any  instrument 
on  the  earth's  surface. 

Moreover  the  removal  of  the  instrument  to  the  bottom  of 
the  deepest  known  mine  would  scarcely  sensibly  affect  the 
result,  because  the  flexure  of  the  strata  at  a  depth  so  small, 
compared  with  the  wave-length  of  barometric  inequalities,  is 
scarcely  different  from  the  flexure  of  the  surface. 

The  diurnal  and  periodic  oscillations  of  the  vertical  observed 
by  us  were  many  times  as  great  as  those  which  have  just  been 
computed;  and  therefore  it  must  not  be  supposed  that  more 
than  a  fraction,  say  perhaps  a  tenth,  of  those  oscillations  was 
due  to  elastic  compression  of  the  earth. 
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The  Italian  observers  could  scarcely  with  their  instruments 
detect  deflections  amounting  to  j-^q  of  a  second;  so  that  the 
observed  connexion  between  barometric  oscillation  and  seismic 
disturbance  must  be  of  a  different  kind. 

It  is  not  surprising  that  in  a  volcanic  region  the  equaliza- 
tion of  pressure,  between  imprisoned  fluids  and  the  external 
atmosphere,  should  lead  to  earthquakes. 

If  there  is  any  place  on  the  earth's  surface  free  from  seismic 
forces,  it  might  be  possible  (if  the  effect  of  tides  as  computed 
in  the  following  section  could  be  eliminated)  with  some  such 
instrument  as  ours,  placed  in  a  deep  mine,  to  detect  the  exist- 
ence of  barometric  disturbance  many  hundreds  of  miles  aw^ay. 
It  would  of  course  for  this  purpose  be  necessary  to  note  the 
positions  of  the  sun  and  moon  at  the  times  of  observation,  and 
to  allow  for  their  attraction. 

2.    On  the  Disturbance  of  the  Vertical  )ieor  the  Coasts  of 
Continents  due  to  the  Rise  and  Fall  of  the  Tide. 

Consider  the  follow-ing  problem: — 

On  an  infinite  horizontal  plane,  which  bounds  in  one  direc- 
tion an  infinite  incompressible  elastic  solid,  let  there  be  drawn 
a  series  of  parallel  straight  lines,  distance  I  aj^art.  Let  one  of 
these  be  the  axis  of  y,  let  the  axis  of  z  be  drawn  in  the  plane, 
perpendicular  to  the  parallel  lines,  and  let  the  axis  of  x  be 
drawn  vertically  downwards  through  the  solid. 

At  eveiy  point  of  the  surface  of  the  solid,  from  ~  =  0  to  I, 
let  a  normal  pressure  gich(l  —  2z/'l)  be  applied;  and  from 
^=0  to  —  /  let  the  surface  be  free  from  forces.  Let  the  same 
distribution  of  force  be  repeated  over  all  the  pairs  of  strips 
into  which  the  surface  is  divided  by  the  system  of  parallel 
straight  lines.  It  is  required  to  determine  the  strains  caused 
by  these  forces. 

Taking  the  average  over  the  whole  surface,  there  is  neither 
pressure  nor  traction,  since  the  total  traction  on  the  half-strips 
subject  to  traction  is  equal  to  the  total  pressure  on  the  half- 
strips  subject  to  pressure. 

The  following  is  the  analogy  of  this  system  wdth  that  which 
we  wish  to  discuss  :  the  strips  subject  to  no  pressure  are  the 
continents,  the  alternate  ones  are  the  oceans,  g  is  gravity, 
w  the  density  of  water,  and  h  the  height  of  tide  above  mean 
water  on  the  coast-line. 

We  require  to  find  the  slope  of  the  surface  at  every  point, 
and  the  vertical  displacement. 

It  is  now  necessary  to  bring  this  problem  within  the  range 
of  the  results  used  in  the  last  section.  In  the  first  place,  it  is 
convenient  to  consider  the  pressures  and  tractions  as  caused  by 
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mountains  and  valleys  whose  outline  is  given  hyx  =  —  A  ( 1  —  iz/l) 
from  z  =  0  io  I,  and  x  —  0  from  2;  =  0  to  — /.  To  utilize  the 
analysis  of  the  last  section,  it  is  necessary  that  the  mountains 
and  valleys  should  present  a  simple-harmonic  outline.  Hence 
the  discontinuous  function  must  be  expanded  by  Fourier's 
method.  Known  results  of  that  method  render  it  unnecessary 
to  have  recourse  to  the  theorem  itself.     It  is  known  that 

±L^-k0=  sin  ^  +  i  sin  2^  +  ^  sin  3^+... 
-i^=  -  sin  ^  + 1  sin  25'-^  sin  3^+ . . . 

i7r  +  ^=-  I  cos^+  q2Cos3^+  -r7^cos5^+. . .  !-, 

the  upper  sign  being  taken  for  values  of  6  between  the  infi- 
nitely small  positive  and  +  ir,  and  the  lower  for  values  between 
the  infinitely  small  negative  and  —  vr. 

Adding  these  three  series  together,  we  have 

2{isin2^  +  ^sin4(9  +  ..K-i  cos^  +  icosS^  +  J^cosS^  +  .-l 

equal  to  7r—2d  from  ^  =  0  to  +17,  and  equal  to  zero  from 
^  =  0  to  — TT.  Hence  the  required  expansion  of  the  disconti- 
nuous function  is 

-  — Usin2^  +  isin4^  +  ...[,  1 
^\  cos  ^  +  o2  cos  3^  +  ^  cos  5^  + . . .  J- '  j 

^^^^^^  e='^; (7) 

for  it  vanishes  from  z=  —  /  to  0,  and  is  equal  to  —h{l  —  2z/l) 
from  z  =  0  to  +/. 

Now,  looking  back  to  the  analysis  of  the  preceding  section, 
we  see  that,  if  the  equation  to  the  mountains  and  valleys  had 
been  ^=  —hsin{z/b),  a  would  have  had  the  same  form  as  in 
(2),  but  of  course  with  sine  for  cosine,  and  7  would  have 
changed  its  sign  and  a  cosine  would  have  stood  for  the  sine. 
Applving  then  the  solution  (2)  to  each  term  of  our  expansion 
separately,  and  only  writing  down  the  solution  for  the  surface 
at  which  x=0,vfe  have  at  once  that  7=0,  and 

*«=^-l^sin2^  +  ^2sin4^+ J2siu66'  +  ...|r 

TTV    77  (2-  42  e^  j 

+  5^^?iicos6'+i3Cos36'+icos.5^^-...]. 
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The  slope  of  the  surface  is   -t-_^  or  -r  -—;,  thus 

^  =  ■"^'{^0.03  20  +  ^0084^  +  ^008  6^+...}  1 

dz        'rrv     ^^  .    (9) 

Try     TT  (.  3^  0^  }     I 

The  formulaj  (8)  and  (9)  are  the  required  expressions  for 
the  vertical  depression  of  the  surface  and  for  the  slope. 

It  is  interesting  to  determine  the  form  of  surface  denoted 
by  these  equations.  Let  us  suppose,  then,  that  the  units  are 
so  chosen  that  gwU/ir^v  may  be  equal  to  one.  Then  (8) 
and  (9)  become 

«=^2sm26'+^2sm40  +  ...+  ||pOos6'+  ^3oos30  +  ...    |  (1 

^=icos26^  +  ioos40  +  ...-||^2sin^+g2sin30  +  ...|.     H) 

When  6  is  zero  or  ±7r,  da/ dO  becomes  infinite,  which  de- 
notes that  the  tangent  to  the  warped  horizontal  surface  is 
vertical  at  these  points.  The  verticality  of  these  tangents 
will  have  no  place  in  reality,  because  actual  shores  shelve,  and 
there  is  not  a  vertical  wall  of  water  when  the  tide  rises,  as  is 
supposed  to  be  the  case  in  the  ideal  problem.  We  shall,  how- 
ever, see  that  in  practical  numerical  application,  the  strip  of 
sea-shore  along  which  the  solution  shows  a  slope  of  more  than 
\"  is  only  a  small  fraction  of  a  millimetre.  Thus  this  depar- 
ture from  reality  is  of  no  importance  whatever. 

When  0=0  or  +7r, 

being  +  when  6=0,  and  —  when  d=±7r. 

When  0=  ±^7r,  a.  vanishes;  and  therefore  midway  in  the 
ocean  and  on  the  land  there  are  nodal  lines,  which  always 
remain  in  the  undisturbed  surface,  when  the  tide  rises  and 
falls.     At  these  nodal  lines,  defined  by  0=  ±^77, 

da  ,,        .0-2/1        11  ) 

=  _.3466  + -6168= -•9634  and  +-2702. 

Thus  the  slope  is  greater  at  mid-ocean  than  at  raid-land. 
By  assuming  6  successively  as  ^tt,  I-tt, -^tt,  and  summing 
arithmetically  the  strange  series  which  arise,  we  can,  on  pay- 
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ing  attention  to  the  manner  in  which  the  signs  of  the  series 
occur,  obtain  the  values  of  a  corresponding  to  0,  ±^7r,  +^7r, 
±6  7'",  ±§7'",  ±^'7r,  +^7r,  +§7r.  The  resulting  values, 
together  with  the  slopes  as  obtained  above,  are  amply  suffi- 
ient  for  drawing  a  figure,  as  shown  annexed. 


The  straight  line  is  a  section  of  the  undisturbed  level,  the 
shaded  part  being  land,  and  the  dotted  sea.  The  curve  shows 
the  distortion,  when  warped  bj  high  and  low  tide  as  indicated. 

The  scale  of  the  figure  is  a  quarter  of  an  inch  to  ^tt  for  the 
abscissas,  and  a  quarter  of  an  inch  to  unity  for  the  ordinates ; 
it  is  of  course  an  enormous  exaggeration  of  the  flexure  actu- 
ally possibly  due  to  tides. 

It  is  interesting  to  note  that  the  land-regions  remain  very 
nearly  flat,*rotating  about  the  nodal  line,  but  with  slight  cur- 
vature near  the  coasts.  It  is  this  curvature,  scarcely  percep- 
tible in  the  figure,  ^s'hich  is  of  most  interest  for  practical 
application. 

The  series  (8)  and  (9)  are  not  convenient  for  practical  cal- 
culation in  the  neighbourhood  of  the  coast,  and  they  must  be 
reduced  to  other  forms.  It  is  easy,  by  writing  the  cosines  in 
their  exponential  form,  to  show  that 

cos0  +  icos2^  +  ^cos36'  +  ...=  -log,(±2sini^),     .     (13) 

cos  6'-i  cos  2(9  +  1  cos  3^-...=     log,  (2  cos  i^),.     .     (14) 

where  the  upper  sign  in  (13)  is  to  be  taken  for  positive  values 
of  d  and  the  lower  for  negative. 

For  the  small  values  of  6  with  which  alone  we  are  at  present 
concerned,  the  series  (13)  becomes  —  log,  ( ±0)  and  the  lower 
loge  2. 

Taking  half  the  difference  and  half  the  sum  of  the  two 
series,  we  have 

icos2^+icos46'+ =-ilog(±^)-ilog2,    .    (15) 

cos^  +  ^cos3^  +  icos56'+  =  -Mog(  +  ^)  +  ilog2.    .    (16) 

Integrating  (16)  with  regard  to  9,  and  observing  that  the 
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constant  introduced  on  integration  is  zero,  we  have 


sin  ^  +  Q2  sin  3^  +  ^^sin 5^  + 
Then,  from  (15)  and  (17), 


__i^[log(  +  ^)_l]+i^log2. 

•     .     (17) 


icos2^  +  i:Cos4^  + 


-li^^ 


sin  6+  7r?  sin  36  + 


■} 


=-i(i-?,0'-(±^)-K'-v)><>^-^-J 


(18) 


Integrating  (15),  and  observing  that  the  constant  is  zero, 
we  have 

^sin  26+  isin 4.6  +  ..  •=  -i6'[log(  ±^)-l]  -i^log2.  (19) 

Integrating  (17),  and  putting  in  the  proper  constant  to 
make  the  left  side  vanish  when  ^  =  0,  we  have 

p+33  +  53  +..--(pcos^+g3Cos3^+...) 

=  ^ieHog{±6)  +  i6'(^+\og2).     .     .     (20) 

For  purposes  of  practical  calculation,  6  may  be  taken  as  so 
small  that  the  right-hand  side  of  (18)  reduces  to  —  ^log  (±26), 
and  the  right-hand  sides  of  (19)  and  (20)  to  zero. 

Hence,  by  (8)  and  (9),  we  have  in  the  neighbourhood  of 
the  coast, 

gtoh      21  rl    ,1    , 

'^^ ^   — -'  -^  +  iv?  + 


«  = 


2Lx3  +  33  +  53  +  ---J' 


TTV    ^    TT^Ll^^'^S^ 


gioh        I 


TTV 


X  ^  X  2-1037, 


IT 


y 


(21) 


du  qwli ,        ^  „  1         2770 


27ri; 


I 


I  shall  now  proceed  to  compute  from  the  formulae  (21)  the 
depression  of  the  surface  and  the  slope,  corresponding  to  such 
numerical  data  as  seem  most  appropriate  to  the  terrestrial 
oceans  and  coTitinents. 

Considering  that  the  tides  are  undoubtedly  augmented  by 
kinetic  action,  we  shall  be  within  the  mark  in  taking  h  as 
the  semi-range  of  equilibrium  tide.  At  the  equator  the  lunar 
tide  has  a  range  of  about  53  centim.,  and  the  solar  tide  is  very 
nearly  half  as  much.  Therefore  at  spring-tides  we  may  take 
A  =  40  centim.  It  must  be  noticed  that  the  highness  of  the 
tides  (say  15  or  20  feet)  near  the  coast  is  due  to  the  shallow- 
ing of  the  water,  and  it  would  not  be  just  to  take  such  values 
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as  representing  the  tides  over  large  areas  ;  ic,  the  density  of 
the  water,  is  of  course  unity. 

If  we  suppose  it  is  the  Atlantic  Ocean  and  the  shores 
of  Europe  with  Africa,  and  of  North  and  South  America, 
which  are  under  consideration,  it  is  not  unreasonable  to  take 
/  as  3900  miles,  or  6-28  x  10**  centim.     Then  2'irz/l=z  x  lO-^. 

Taking  v/g  a^  'dx  10^  (that  is  to  say,  assuming  a  rigidity 
greater  than  that  of  glass),  we  have  for  the  slope  in  seconds  of 
arc,  at  a  distance  z  from  the  sea-shore. 


cosec  1"  X 


40 
2,rx3xl0«  ""  log^lOx  (8-  log^o^^) 

=  0''-01008(8-logio^).     .     . 


Distance  from 

mean  water-mark. 

1  centim. 

=      1  centim. 

10      „ 

=   10       „     . 

10'     „ 

=      1  metre  . 

W     „ 

=   10  metres. 

10*     „ 

=  100    _„      . 

10^     „ 

=      1  kilom. 

10'     „ 

=   10     „       . 

2  X  10**  centim 

.=   20     „       . 

5xl0«      „ 

=  50     „       . 

10'  centim. 

=  100     „       . 

.     .     (22) 

From  this  the  following  table  may  be  computed  by  simple 
multiplication : — 


Slope. 
0''-0806 
•0706 
•0605 
•0504 
•0403 
•0302 
•0202 
•0170 
•0131 
•0101 


On  considering  the  formula  (22),  it  appears  that  z  must  be 
a  very  small  fraction  of  a  millimetre  before  the  slope  becomes 
even  as  great  as  V .  This  proves  that  the  rounded  nick  in  the 
surface,  which  arises  from  the  discontinuity  of  pressure  at  our 
ideal  mean  w^ater-mark,  is  excessively  small ;  and  the  vertical 
displacement  of  the  surface  is  sensibly  the  same,  when  mea- 
sured in  centimetres,  on  each  side  of  the  nick,  in  accordance 
with  thefir.-^tof  (21). 

The  result  (5)  of  section  1  shows  that,  with  rigidity  3  x  10^, 
the  true  deflection  of  plumb-line  due  to  attraction  of  the 
water  is  a  quarter  of  the  slope.  Hence  an  observer  in  a  gra- 
vitational observatory  at  distance  z  from  mean  water-mark, 
would  note  deflections  from  the  n^ean  position  of  the  vertical 
1;^  times  as  great  as  those  computed  above  ;  and  as  high 
water  changes  to  low,  there  would  be  oscillations  of  the  ver- 
tical 2|  times  as  great.  We  thus  get  the  practical  results  in 
the  following  table: — 
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Distance  of  Amplitude  of 

observatory  from  apparent  oscillation 

mean  water-mark.  of  the  vertical. 

10  metres 0''-126 

100      „ -101 

1  kilom -076 

10      „ -050 

20      „ -042 

50      „ -035 

100      „ -025 

It  follows,  from  the  calculations  made  for  tracing  the  curve, 
that  halfway  across  the  continent  (that  is  to  say,  3142  kilo- 
metres from  either  coast)  the  slope  is 

5iM22  x^  X  -2703  second  of  arc  =0'^-00237, 

TT  TTV 

and  the  range  of  apparent  oscillation  is  0''"006. 

In  these  calculations  the  width  of  the  sea  is  taken  as  6283 
kilometres.  If  the  sea  be  narrower,  then,  to  obtain  the  same 
deflections  of  the  plumb-line,  the  observatory  must  be  moved 
nearer  the  sea  in  the  same  proportion  as  the  sea  is  narrowed. 
If,  for  example,  the  sea  were  3142  kilometres  mde,  then 
at  10  kilometres  from  the  coast  the  apparent  amplitude  of 
deflection  would  be  0'''042.  If  the  range  of  tide  is  greater  than 
that  here  assumed  (viz.  80  centim.),  the  results  must  be  aug- 
mented in  the  same  proportion.  And,  lastly,  if  the  rigidity 
of  the  rock  be  greater  or  less  than  the  assumed  value  (viz. 
3  X  10^),  the  part  of  the  apparent  deflection  depending  on 
slope  must  be  diminished  or  increased  in  the  inverse  propor- 
tion to  the  change  in  rigidity. 

I  think  there  can  be  little  doubt  that  in  narrow  seas  the 
tides  are  generally  much  greater  than  those  here  assumed  ; 
and  it  is  probable  that  at  a  gravitational  observatory  actually 
on  the  sea-shore  on  the  south  coast  of  England,  apart  from 
seismic  changes,  perceptible  oscillations  of  the  vertical  would 
be  noted. 

Sir  William  Thomson  has  made  an  entirely  independent 
estimate  of  the  probable  deflection  of  the  plumb-line  at  a  sea- 
side gravitational  observator}*.  He  estimates  the  attraction 
of  a  slab  of  water  10  feet  thick  (the  range  of  tide),  50  miles 
broad  perpendicular  to  the  coast,  and  100  miles  long  parallel 
with  coast,  on  a  plummet  100  yards  from  the  low-water  mark, 
and  opposite  the  middle  of  the  100  miles  of  length.  He  thinks 
this  estimate  would  very  roughly  represent  the  state  of  things 

•  Thomson  and  Tait's  'Natural  Philosophy,'  §  818. 
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say  at  St.'Alban's  Head.  He  finds,  then,  that  the  deflection 
of  the  plumb-line  as  high  tide  changes  to  low  would  be 
¥000000  °^  ^^®  ^^^t  angle,  or  0'''050.  The  general  theorem 
proved  above,  as  to  the  proportionality  of  slope  to  attraction, 
shows  that,  with  rigidity  3  x  10^  for  the  rocks  of  which  the 
earth  is  formed,  the  apparent  deflection  of  the  plumb-line 
would  amount  to  0"*25. 

It  is  just  possible  that  a  way  may  in  this  manner  be  opened 
for  determining  the  modulus  of  rigidity  of  the  upper  100  or 
200  miles  of  the  earth's  surface,  although  the  process  would 
be  excessively  laborious.  The  tides  of  the  British  Channel 
are  pretty  well  known;  and  therefore  it  would  be  possible  by 
very  laborious  quadratures  to  determine  the  deflection  of  the 
plumb-line  due  to  the  attraction  of  the  tide  at  any  time  at  a 
chosen  station.  If,  then,  the  deflection  of  the  plumb-line  could 
be  observed  at  that  station  (with  corrections  applied  for  the 
positions  of  the  sun  and  moon),  the  ratio  of  the  calculated  to 
the  observed  and  corrected  deflection,  together  with  the  known 
value  of  the  earth's  radius  and  mean  density,  form  the  mate- 
rials for  computing  the  rigidity.  But  such  a  scheme  would 
be  probably  rendered  abortive  by  just  such  comparatively 
large  and  capricious  oscillations  of  the  vertical  as  we,  M. 
d'Abbadie,  and  others  have  observed. 

'  It  is  interesting  to  draw  attention  to  some  observations  of 
M.  d'Abbadie  on  the  deflections  of  the  vertical  due  to  tides. 
His  observatory  (of  which  an  account  was  given  in  the  Report 
for  1881)  is  near  Hendaye,  in  the  Pyrenees,  and  stands  72 
metres  above  and  400  metres  distant  from  the  sea.  He 
writes* : — 

"  J^ai  reuni  359  comparaisons  d'observations  speciales  faites 
lors  du  maximum  du  flot  et  du  jusant ;  243  seulement  sont 
favorables  a  la  theorie  de  I'attraction  exercee  par  la  masse  des 
eaux,  et  I'ensemble  des  resultats  pour  une  difference  moyenne 
de  marees  egale  a  2*9  metres  donne  un  resultat  moyen  de 
0^^*56  ou  0"'18  pour  le  double  de  I'attraction  angulaire  vers  le 
Nord-Ouest.  Ceci  est  conforme  a  la  theorie,  car  les  differences 
observees  doivent  etre  partagees  par  moitie,  selon  la  loi  de  la 
reflexion  ;  mais  comme  il  y  a  toujours  de  I'inattendu  dans  les 
experiences  nouvelles,  on  doit  ajouter  que  sur  les  116  compa- 
raisons restantes  il  y  en  a  eu  57  ou  le  flot  semble  repousser 
le  mercure  au  lieu  de  Fattirer.  Mes  resultats  ont  ete  con- 
firmes  pendant  I'hiver  dernier  par  M.  I'abbe  Artus,  qui  a  eu 
la  patience  de  comparer  ainsi  71  flots  et  73  jusauts  consecutifs, 
de  Janvier  a  mars  1880.     Lui  aussi  a  trouve  un  tiers  environ 

*  "  Recherches  sur  la  Verticale,"  Ann.  de  la  Soc.  Scient.  de  Bruxelles, 
1881. 
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de  cas  defavorables  a  nos  theories  admises.  On  est  done  en 
droit  d'affirmer  que  si  la  mer  haute  attire  le  plus  souvent  le 
pied  du  fil  a  plomb,  il  y  a  uue,  et  peut-etre  plusieurs,  autres 
forces  en  jeu  pour  faire  varier  sa  position." 

We  must  now  consider  the  vertical  displaceinent  of  the 
land  near  the  coast.     In  (21)  it  is  shown  to  be 

.„=W'^    ;  ^2.j037, 

where  uq  indicates  the  displacement  corresponding  to  z  =  0. 

With  the  assumed  values,  A  =  40,  v  =  3x  10^  ^  =  6-28x  10*, 
I  find  «g  =  5'684  centim.  Hence  the  amplitude  of  vertical 
displacement  is  11-37  centijn.  As  long  as  hi  remains  constant 
this  vertical  displacement  remains  the  same  ;  hence  the  high 
tides  of  10  or  15  feet  which  ai-e  actually  observed  on  the  coasts 
of  narrow  seas  must  probably  produce  vertical  oscillations  of 
quite  the  same  order  as  that  computed. 

If  the  land  falls,  the  tide  of  course  rises  higher  on  the  coast- 
line than  it  would  do  otherwise  ;  hence  the  apparent  height  of 
tide  would  be  li  +  a^.  But  this  shows  there  is  more  water 
resting  on  the  earth  than  according  to  the  estimated  value  A  ; 
hence  the  depression  of  the  soil  is  greater  in  the  proportion 
1  +  a^/h  to  unity;  this  again  causes  more  tide,  which  reacts  and 
causes  more  depression,  and  so  on.  Thus  on  the  whole  the 
augmentation  of  tide  due  to  elastic  yielding  is  in  the  ratio  of 

This  investigation  is  conducted  on  the  equilibrium  theory  ; 
and  it  neglects  the  curvature  of  the  sea-bed,  assuming  that 
there  is  a  uniform  slope  from  mid-ocean  to  the  sea-coast.  The 
figure  shows  that  this  is  not  rigorously  the  case  ;  but  it  is  quite 
near  enough  for  a  rough  approximation.  The  jihenomena  of 
the  short-period  tides  are  so  essentially  kinetic  that  the  value 
of  this  augmentation  must  remain  quite  uncertain;  but  for  the 
long-period  tides  (the  fortnightly  and  monthly  elliptic)  the 
augmentation  must  correspond  approximately  with  the  ratio 

l:(l_gx2-1037). 

The  auormentation  in  narrow  seas  will  be  small :  but  in  the 
Atlantic  Ocean  the  augmenting  factor  must  agree  pretty  well 
with  that  which  I  now  compute*. 


*  Sii'  William  Thomson  has  pointed  out  to  me,  since  the  meeting  of 
the  Association,  that  this  augmentation  will  only  hold  true  in  the  cases 
of  certain  distributions  of  land. 
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With  the  previous  nuiiierical  values  we  haveao/^*  (which  is 
iudepenJeut  of/<)  equal  to  •1421,  and  1— ao//i='857U  =  f- very 
nearlv. 

Thus  the  long-period  tides  may  probably  undergo  an  aug- 
mentation at  the  coasts  of  the  Atlantic  in  some  such  ratio  as 
6  to  7. 

The  influence  of  this  kind  of  elastic  yielding  is  antagonistic 
to  that  reduction  of  apparent  tide  which  must  result  from  an 
elastic  vielding;  of  the  earth^'s  mass  as  a  whole. 

•  •  •  •  1 

Tl-e  reader  will  probably  find  it  difficult  to  estnnate  what 
degree  of  probability  of  correctness  there  is  in  the  conjectural 
value  of  the  rigidity,  which  has  been  U!?ed  in  making  the 
numerical  calculations  in  this  paper.  The  rigidity  has  not 
been  experimentally  determined  for  many  substances;  but  a 
great  number  of  experiments  have  been  made  to  find  Young's 
modulus.  Now,  in  the  stretching  of  a  bar  or  wire  the  com- 
pressibility plays  a  much  less  important  part  than  the  rigidity; 
and  the  formula  for  Young's  modulus  shows  that  for  an  in- 
compressible elastic  solid  the  modulus  is  equal  to  three  times 
the  rigidity*.  Hence  a  third  of  Young's  modulus  will  form  a 
good  standard  of  comparison  with  the  assumed  rigidity,  namely 
3  X  10^  grammes  -sveight  per  square  centimetre.  The  follow- 
ing are  a  few  values  of  a  third  of  Young's  modulus  and  of 
rigidity,  taken  from  the  tables  in  Sir  William  Thomson's 
article  on  Elasticity f  in  the  Encyclopedia  Britannica: — 

A  third  of  Young's  modulus  and 
Material.  ri^dity  in  terms  of  10^  gi-ammes 

weight  per  square  centimeti'e. 

Stone     ....  About  1-2 

Slate      ....  About  3  to  4. 

Glass      ....  Rigiditv  1*5  to  2'4. 

Ice 4-7. 

Copper  ....  4,  and  rigidity  4*6  to  5*4. 

Steel      .     .     .     .  7  to  10,  and  rigidity  8*4. 

It  will  be  observed  that  the  assumed  rigidity  3  is  probably 
a  pretty  high  estimate  in  comparison  with  that  of  the  mate- 
rials of  which  we  know  the  superficial  strata  to  be  formed. 

It  is  shown,  in  another  paper  read  before  the  Association  at 
this  meeting,  that  the  rigidity  of  the  earth  as  a  w^hole  is  pro- 
bably as  great  as  that  of  steel.  That  result  is  not  at  all  incon- 
sistent with  the  probability  of  the  assumption  that  the  upper 
strata  have  only. a  rigidity  a  little  greater  than  that  of  glass. 

*  Thomson  and  Taifs  '  Natural  Philosophy,'  §  683. 
+  Also  published  separately  by  Black  (Edmbm-gh). 
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3.    On  Gravitational  Observatories. 

In  the  preceding  sections  estimates  have  been  made  of  the 
amount  of  distortion  which  the  upper  strata  of  the  earth  pro- 
bably undergo  from  the  shifting  weights  corresponding  to 
barometric  and  tidal  oscillations.  These  results  appear  to  me 
to  have  an  important  bearing  on  the  utility  of  gravitational 
observatories. 

It  is  not  probable,  at  least  for  many  years  to  come,  that  the 
state  of  tidal  and  barometric  pressure,  for  a  radius  of  500  miles 
round  any  spot  on  the  earth's  surface,  will  be  known  with 
sufficient  accuracy  to  make  even  a  rough  approximation  to  the 
slope  of  the  surface  a  possibility.  And  were  these  data  known, 
the  heterogeneity  of  geological  strata  would  form  a  serious 
obstacle  to  the  possibility  of  carrying  out  such  a  computation. 
It  would  do  little  in  relieving  us  from  these  difficulties  to  place 
the  observatory  at  the  bottom  of  a  mine. 

Accordingly  the  prospect  of  determining  experimentally 
the  lunar  disturbance  of  gravity  appears  exceedingly  remote ; 
and  I  am  compelled  reluctantly  to  conclude  that  continuous 
observations  with  gravitational  instruments  of  very  great 
delicacy  are  not  likely  to  lead  to  results  of  any  great  interest. 
It  appears  likely  that  such  an  instrument,  even  in  the  most 
favourable  site,  would  record  incessant  variations  of  which  no 
satisfactory  account  could  be  given.  Although  I  do  not 
regard  it  as  probable  that  such  a  delicate  instrument  should  be 
adopted  for  regular  continuous  observations,  yet,  by  choosing 
a  site  where  the  flexure  of  the  earth's  surface  is  likely  to  be 
great,  it  is  conceivable  that  a  rough  estimate  might  be  made 
of  the  average  modulus  of  elasticit}^  of  the  upper  strata  of  the 
earth  for  one  or  two  hundred  miles  from  the  surface. 

These  conclusions,  which  I  express  with  much  diffidence, 
are  by  no  means  adverse  to  the  utility  of  a  coarser  gravita- 
tional instrument,  capable,  let  us  say,  of  recording  variations 
of  level  amounting  to  V  or  2" .  If  barometric  pressure,  tidal 
pressure,  and  the  direct  action  of  the  sun  and  moon  combine 
together  to  make  apparent  slope  in  one  direction,  then,  at  an 
observatory  remote  from  the  sea-shore,  that  slope  might  per- 
haps amount  to  a  quarter  of  a  second  of  arc.  Such  a  disturb- 
ance of  level  would  not  be  important  compared  with  the 
minimum  deviations  w^hich  could  be  recorded  by  the  supposed 
instrument. 

It  would  then  be  of  much  value  to  obtain  continuous  syste- 
matic observations,  after  the  manner  of  the  Italians,  of  the 
seismic  and  slower  quasi-seismic  variations  of  level. 
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I  venture  to  predict  that  at  some  future  time  practical  astro- 
nomers will  no  longer  be  content  to  eliminate  variations  of 
level  merely  by  taking  means  of  results,  but  will  regard  cor- 
rections derived  from  a  special  instrument  as  necessary  to  each 
astronomical  observation. 


XLVII.  Neio  Views  of  Mr.  George  H.  Darwin's  Theory 
of  the  Evolution  of  the  Earth-Moon  System,  considered  as  to 
its  hearing  on  the  qxiestion  of  the  Duration  of  Geological  Time. 
By  the  Rev.  Samuel  Haughtojst,  M.D.,  Fellow  of  Trinity 
College,  Dublin*. 

IT  has  been  tacitly  assumed,  even  so  far  back  as  the  times 
of  Newton  and  Clairaut,  that  the  earth  and  planets  have 
passed  through  a  liquid  condition  (owing  to  former  great 
heat)  before  assuming  the  solid  condition  which  some,  at  least, 
of  them  now  possess. 

Laplace,  in  his  nebular  hypothesis,  also  assumes  the  former 
existence  of  this  liquid  condition;  and  it  is  openly  asserted  by 
all  geologists  who  believe  that  the  earth  consists  of  a  solid 
crust  (more  or  less  thick),  reposing  upon  a  fluid  or  viscous 
nucleus. 

It  has  been  proved  by  Sir  William  Thomson,  following  out 
the  views  of  the  late  Mr.  Hopkins,  that  the  present  condition 
of  the  earth,  taken  as  a  whole,  is  such  that  it  must  be  re- 
garded as  being  more  rigid  than  glass  or  steel,  possibly  more 
rigid  than  any  terrestrial  substance  under  the  surface-condi- 
tions of  pressure. 

The  following  considerations  show  that  it  may  be  fairly 
doubted  whether  the  earth  or  any  other  planet  ever  existed  in 
a  fluid  condition. 

1.  The  possibility  of  the  equilibrium  of  the  rings  of  Saturn, 
on  the  supposition  that  they  are  either  solid  or  liquid,  has  been 
more  than  doubted,  and  the  most  probable  hypothesis  respect- 
ing them  is,  that  they  consist  of  swarms  of  discrete  meteoric 
stones. 

2.  It  is  difficult  to  understand  the  low  specific  gravity  of 
Jupiter  and  the  other  outer  planets,  on  the  supposition  that 
they  are  either  solid  or  liquid;  for  we  know  of  no  substance 
light  enough  to  form  them  f.     If  the  outer  planets  consist  of 

*  From  the  '  American  Journal  of  Science  '  for  November  1882.  B,ead 
before  the  Mathematical  Section  of  the  American  Association  for  the 
Advancement  of  Science,  at  Montreal,  August  1882. 

t  The  force  of  this  argument  could  not  be  felt  before  the  revelations  of 
the  spectroscope,  because  at  that  time  there  was  no  proof  that  the  whole 
universe  was  composed  of  the  same  simple  substances,  and  those  very 
limited  in  number. 
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discrete  meteoric  stones  moving  around  a  solid  or  liquid 
nucleus,  the  difficulty  respecting  their  specifie  gravity  would 
disappear. 

3.  The  recent  researches  connecting  the  November,  the 
August,  and  other  periodic  swarms  of  shooting-stars  with 
comets,  tend  in  the  direction  of  showing  that  comets  in  cooling 
break  up  into  discrete  solid  particles  (each  no  doubt  having 
passed  through  the  liquid  condition),  and  that  probably  the 
solar  nebula  cooled  in  like  manner  into  separate  fiery  tears, 
which  soon  solidified  by  radiation  into  the  cold  of  space. 

4.  Mr.  Huggins's  recent  comparisons  of  the  spectroscopic 
appearances  of  comets  and  incandescent  portions  of  meteoric 
stones,  showing  the  presence  in  both  of  hydrocarbon  and 
nitrogen  compounds,  confirm  the  conclusions  drawn  from  the 
identity  of  the  paths  of  comets  and  meteoric  periodic  shooting- 
stars. 

5.  Mr.  H.  A.  Newton,  in  a  remarkable  paper  read  before 
the  Sheffield  Meeting  of  the  British  Association  (1879), 
showed  the  possibility  (if  not  probability)  of  the  asteroids 
being  extinct  comets,  captured  and  brought  into  the  solar 
system  by  the  attraction  of  some  one  or  other  of  the  outer 
large  planets,  and  permanently  confined  in  the  space  between 
Mars  and  Jupiter,  which  is  the  only  prison-cell  in  the  solar 
system  large  enough  to  hold  permanently  such  disorderly 
wanderers. 

In  the  same  paper  Professor  Newton  threw  out  the  idea 
that  some  of  the  satellites  of  the  large  ])lanets  might  also  be 
of  cometary  origin. 

From  all  these  and  other  considerations  it  is  therefore 
allo^vable  to  suppose  that  the  earth  and  moon,  when  they  sepa- 
rated from  the  solar  nebula,  did  so  as  a  swarm  of  solid 
meteoric  stones,  each  of  them  having  the  temperature  of 
interstellar  space,  i.  e.  something  not  much  warmer  than 
460°  F.  below  the  freezing-point  of  water. 

Mr.  George  H.  Darwin  has  shown  admirably  how  the  earth- 
moon  system  may  have  been  developed  from  the  time  when 
the  earth-moon  formed  one  planet,  revolving  on  its  axis  in  a 
few  hours,  to  the  present  time,  when  the  earth  and  moon  (in 
consequence  of  tidal  friction)  have  pushed  each  other  asunder 
to  a  distance  of  sixty  times  the  radius  of  the  earth  *. 

In  his  paper  on  the  tidal  friction  of  a  planetf  (supposed 
viscous  and  under  the  influence  of  bodily  tides  caused  in 
it  by  an  external  body  such  as  the  moon),  Mr.  Darwin  has 
found  a  remarkable  equation  of  condition,  which  may  be  thus 

*  Pioceediugs  of  the  Koyal  ISociety,  lyth  June,  1879. 
t  PhQ.  Traus.  1881,  part  ii.  p.  494. 
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expressed : — 

div'r)-^^, (1) 

where 

r= distance  between  centres  of  earth  and  moon, 
^  =  time  elapsed  from  a  fixed  point, 
^_     p(n-a) 

l+f(n-ny' ^^^ 

n  =  angular  velocity  of  earth^s  rotation, 
n  =  angular  velocity  of  moon's  orbital  revolution, 
/>  =  quantity  varying  inversely  as  the  viscosity  of  the  planet. 

The  extreme  interest  of  equation  (1)  consists  in  the  appear- 
ance of  the  inverse  sixth  power  of  the  distance. 

As  the  function  ^  varies  very  slowly,  we  find  by  integra- 
tion, for  any  portion  of  time  during  which  ^  may  be  regarded 
as  constant, 

<=Ar"2-  +  B, (3) 

a  most  unexpected  and  remarkable  result. 

Upon  reading  Mr.  Darwin's  papers,  my  mind  turned  to  a 
problem  with  which  I  was  familiar,  viz.  the  retardation  of  the 
earth's  rotation  produced  by  the  lunisolar  tide  exerted  upon 
the  ocean  supposed  collected  in  an  equatorial  canal,  the  moon 
and  sun  having  no  declination;  and  1  readily  found  an  equa- 
tion to  express  the  evolution  of  the  earth-moon  system,  on  the 
foregoing  hypothesis  as  to  friction. 

This  equation  is  the  following  : — 

dWr)J^, (4) 

where 

Yo(n-a)    

/■=  coeflficient  of  friction  supposed  proportional  to  relative 

velocity, 
k  varies  inversely  as  r^, 
Vo= velocity  at  earth's  equator. 

This  leads,  as  in  Mr.  Darwin^s  hypothesis  of  viscous  earth, 
to  the  integral 

t=A'r^  +B' (6) 

The  form  of  the  functions  ^  and  ^  is  similar,  as  both  ascend 
by  odd  powers  of  (/i— H)  and  vanish  when  n  =  0 — that  is  to 
say,  at  the  beginning  and  end  of  the  evolution  by  friction  of 
the  earth-moon  system. 
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It  is  quite  clear,  therefore,  that  the  remarkable  expression 
(1)  found  by  Mr.  Darwin  is  not  peculiar  to  his  special  hypo- 
thesis of  a  viscous  earth,  but  can  be  deduced  equally  well 
from  the  totally  distinct  hypothesis  of  an  absolutely  rigid 
earth  retarded  by  the  tidal  action  of  a  liquid  ocean. 

I  was  led  by  this  result  to  consider  the  case  of  the  earth- 
moon,  separating  (as  I  believe  they  did)  from  the  central 
solar  luass  in  the  form  of  a  swarm  of  discrete  masses  of  mete- 
oric iron  and  stone,  each  one  having  the  temperature  of  the 
cold  of  interstellar  space,  or  not  much  above  it.  Translating 
this  conception  into  mathematical  language,  I  find  that  the 
equation  of  continuity  belonging  to  the  hydrodynamical 
theory  applies  equally  well  to  the  meteoric  theory,  viz. 

vy  =  ry, (7) 

where  r,  v'  are  the  velocities  at  any  two  points,  and  ?/,  ?/'  are 
the  depths  of  the  ocean  or  meteoric  swarm  at  the  same  points. 

The  depth  of  the  swarm  or  ocean  without  jostling  or  fi'iction 
Avill  be  least  under  the  moon  and  greatest  at  right  angles  to 
the  moon,  and  the  velocities  will  be  inversely.  Hence  the 
chances  of  jostling  among  the  meteorites  when  disturbed  by 
the  moon's  tidal  action  will  be  proportional  to  the  velocity, 
being  greatest  where  the  velocity  is  greatest  and  the  area  of 
passage  least,  and  vice  versa. 

This  consideration  reduces  the  meteoric  problem  to  that  of 
the  hydrodynamical  problem,  with  a  friction  proportional  to  the 
velocity,  and  gives  equations  in  all  respects  similar  to  those 
derived  by  Mr.  Darwin  from  the  hypothesis  of  a  viscous  earth. 

On  the  meteoric  hypothesis,  if  the  jostling  of  the  stones  be 
slow  they  may  cool  almost  as  fast  as  they  are  heated,  and  the 
result  will  be  a  cool  earth  and  almost  indefinite  time  at  the 
disposal  of  geologists. 

XL  VIII.    On  Systems  of  Absolute  Measures  for  Electric  and 
Magnetic  Quantities.     By  Prof.  H.  Helmholtz*. 

PHYSICISTS  have  hitherto  been  obliged  to  employ  two 
different  systems  of  electrical  absolute  measures,  the 
electrostatic  and  electromagnetic  ;  while  for  magnetic  quantities 
only  one  has  always  been  made  use  of — namely  that  introduced 
by  Gauss,  in  which  only  the  parts  of  the  metre  and  the  gramme 
employed  as  the  units  of  length  and  mass  have  changed. 
Indeed  the  employment  of  those  two  systems  of  electrical 
measures  could  not  be  dispensed  with,  for  practical  reasons, 
because  the  determination  of  the  factor  wliich  bad  to  bo  used 

*  Translated  from  Wiedemann's  Annaten,  1882,  no.  9,  vol.  xvii.  pp.  42-54. 
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for  the  reduction  of  electrostatic  to  electromagnetic  measures, 
namely  Weber's  critical  velocity,  could  not  yet  be  effected 
with  the  same  degree  of  precision  that  could  be  attained  within 
the  sphere  of  electromagnetic  measurements  on  the  one  hand 
and  electrostatic  measurements  on  the  other.  It  was  on  this 
account  more  advantageous  to  employ  in  each  experimental 
investigation  that  system  of  measures  to  which  the  quantities 
measui'ed  could  be  referred  with  the  greater  exactness. 

To  this  is  to  be  added  the  consideration  of  avoiding  excessively 
large  numbers,  which  will  probably  induce  us  to  continue  to 
employ  for  electrostatic  and  galvanic  phenomena  two  kinds  of 
measures,  although  reducible  to  one  another.  At  present  the 
electromagnetic  methods  of  measurement  are  the  most  perfect; 
they  are  unmistakably  the  most  important  practically  for  an 
art  that  advances  with  giant  strides  ;  and  I  have  therefore 
considered  that  the  International  Congress  that  met  in  Paris 
last  year  acted  quite  suitably  in  endeavouring  to  establish  an 
electromagnetic  system  of  absolute  measures.  Had  the  aim 
been  purely  scientific,  I  should  have  preferred  the  electrostatic 
system  hitherto  employed,  since  this,  I  think,  best  represents 
the  essential  analogies  of  the  phenomena  by  analogous  for- 
mulae, and  gives  to  them  the  clearest  and  most  intelligible 
expression.  It  was  on  this  system,  grounded  on  Gauss's 
principles,  that  most  of  the  physical-mathematical  treatises  in 
this  department  of  science  have  hitherto  been  based. 

Just  on  this  account  it  would  appear  to  me  very  undesirable 
if  this  system  should  now  entirely  fall,  and  even  its  name  give 
place  to  a  new  one,  as  proposed  by  Clausius  in  his  recently 
•published  memoir*.  I  would  not  at  all  recommend  the  mul- 
tiplication of  systems  of  measures  without  very  urgent  reasons; 
and  certainly  the  transference  of  a  name  already  in  use  and 
frequently  emj^loyed  to  a  new  system  would  inevitably  pro- 
duce needless  and  vexatious  confusion  in  physical  literature, 
even  apart  from  any  estimate  of  the  relinquished  in  compa- 
rison with  the  new  svstem. 

Any  determination  of  a  new  absolute  measure  must  be  based 
on  the  measuring  observation  of  a  natural  process  or  behaviour, 
just  as  already,  among  the  three  fundamental  units,  the 
gramme  has  been  reduced  to  the  two  others  by  means  of  the 
density  of  pure  water  at  4°  C.  The  measure  of  magnetic 
quanta  which  has  hitherto  been  exclusively  employed  is 
founded  on  the  definition  laid  down  by  Gauss,  according  to 
which  the  repellent  force  between  two  magnetic  quanta,  m-^ 
and  m^,  which  are  situated  at  the  distance  r  from  one  another, 

*  Clausius,  Verhandl.  des  naturh.  Vereins  d.  pretiss.  Rheinl.  u.  Westfal. 
March  6, 1882 ;  Wied.  Ann,  xvi.  p.  529  j  Phil.  Mag.  June  1882,  xiii.  p.  881. 
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is  put  not  merely  proportional,  but  equal  to  the  value  of 
{mi .  m<ilr^).  Since  the  force  and  the  length  r  are  to  he  mea- 
sured by  known  methods,  the  value  of  the  product  {nii .  m^) 
is  thereby  determined  in  absolute  measure  ;  and  therefore,  if 
from  other  facts  the  ratio  (»'i//"2)  can  be  determined,  m-^  and 
mg  can  each  be  separately  determined. 

Exactly  the  same  principle  is  also  applied  by  Gauss,  at  the 
commencement  of  his  memoir  "  Allgemeine  Lehrsatze  in 
Beziehung  auf  die  im  verkehrten  Verhaltnisse  des  Quadrats 
der  Entfernung  wirkenden  Anziehungs-  und  Abstossungs- 
krafte  "  *,  to  electrical  quanta  and  gravitating  masses.  Al- 
though he  has  not  in  the  latter  two  cases  carried  the  prin- 
ciple into  practical  effect,  it  would  be  justifiable  to  designate 
all  three  methods  by  his  name  as  that  of  their  mental  author. 
That  which  refers  to  electricity  gives  the  electrostatic  system 
as  it  has  hitherto  been  employed.  The  third,  referring  to 
gravitating  masses,  will  probably  in  future  play  an  important 
part,  when  we  have  succeeded  in  accomplishing  more  exact 
determinations  of  the  force  of  gra^dtation.  If,  like  Maxwell, 
we  denote  by  angular  brackets  the  dimensions  of  the  expres- 
sion enclosed  in  them,  by  M  a  mass,  by  L  a  length,  and  by  T 
a  time,  according  to  Gauss  the  attraction  between  two  heavy 
masses  m  at  the  distance  r  is 

[?]  =  [T7r]  "'  [i?]  =  ['f]- 

On  the  left  stands  a  density,  on  the  right  a  function  of  the 
time.  If,  therefore,  as  hitherto,  we  put  the  absolute  density 
of  water  equal  to  unity,  while  the  unit  of  mass  is  determined 
in  gravitation-measure,  a  time-measure  is  thereby  given  which 
is  independent  of  the  probably  variable  rotation  of  the  earth, 
and  only  a  single  measure,  the  metre,  is  left  to  be  handed 
down  by  tradition.  But  even  this  could  be  absolutely  defined 
if  we  availed  ourselves  of  an  invariable  velocity,  for  instance 
the  velocity  of  light  in  free  aether. 

Thus,  for  example,  the  period  of  revolution  T  of  a  small 
satellite  revolving  close  to  the  surface  of  a  sphere  of  pure 
water  of  normal  density  D,  would,  independently  of  the  radius 
of  the  sphere,  in  gravitation-measure  be 


T^= 
and  the  velocity  of  light 


=Wl' 


L 

Resvltatc  aus  den  Beobachtumjen  des  mayneti^chen  Vereins  1839, 
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by  which  latter  equation  the  length  L  would  be  given.  This 
system  would  therefore  free  us  from  the  handing-down  of  any 
traditional  measure. 

In  Gauss's  magnetic  and  electrostatic  measure  the  dimen- 
sions of  the  magnetic  quantum  in  and  the  electrostatic 
quantum  e  are  determined  by  the  equations 

both  based  on  the  phenomenon  of  repulsion  between  resting 
magnetic  or  resting  electric  quanta. 

On  the  other  hand,  for  electromagnetic  determinations  the 
ponderomotive  action  of  a  closed  electric  current  upon  a  pole 
of  a  magnet  was  used,  the  laws  of  which  have  been  mainly  and 
completely  formulated  by  Ampere. 

The  components  of  the  magnetic  forces  produced  in  its 
vicinity  by  an  electric  current  can,  like  those  of  a  magnet,  be 
represented  as  differential  quotients  of  a  potential-function 
which  satisfies  the  same  differential  equations  as  those  of  mag- 
nets, and  only  differs  from  those  of  the  latter  in  that  it  periodi- 
cally increases  in  ^•alue  by  the  same  quantity  as  often  as  only 
one  pole  is  caused  to  make  a  whole  revolution  about  the  con- 
ductor of  the  current.  As  the  electromagnetic  forces  are  pro- 
portional to  the  current-intensity  of  the  conductor,  the  period 
of  the  potential  is  also  proportional  to  that  intensity,  and  inde- 
pendent of  the  shape  of  the  conductor.  Maxwell  on  this 
account  employs  the  value  of  the  period  of  the  potential  O  as 
a  measure  for  the  intensity  of  the  current  C,  and  therefore,  in 
§  623  of  his  Treatise  on  Electricity  and  Magnetism,  puts  the 
dimensions  of  the  two  equal: 

The  fixed  numerical  relation  between  the  two  follows  from  an 
earlier  passage  of  the  above-mentioned  work,  §  479,  where  T 
denotes  the  magnetic  force  of  a  very  long  straight  current- 
conductor  at  the  small  distance  r  from  its  axis,  and  J  is  put 
for  0:— 

T7=2J. 
Since 

n  =  T.27rr, 

Il  =  47rJ, 

by  which  Maxwell's  determination  becomes,  when  Gauss's 
magnetic  measure  is  employed,  equal  to  the  electromagnetic 
measure  proposed  by  W.  Weber. 

In  Ampere's  time  a  complete  theory  of  potential -functions 
did  not  yet  exist.     He  has,  however,  represented  quite  accu- 
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rately  what  we  can  now,  in  the  manner  stated,  express  in  con- 
formity with  nature,  by  a  suitably  chosen  fiction ;  namely,  he 
imagined  a  surface  bounded  by  the  conductor,  dividing  the  in 
this  case  doubly  connected  space  covered  with  a  double  mag- 
netic layer.  If  the  magnetic  moment  of  each  unit  of  surface 
of  the  double  layer  is  denoted  by  /i,  according  to  well-known 
principles  the  leap  of  potential  between  the  two  sides  must  be 

Xl  =  47r/u., 

and  therefore  /x  =  J.  With  this  form  of  expression  of  Ampere's 
law  Prof.  Clausius  stops. 

Both  forms  are  perfectly  equivalent  and  equally  justified, 
so  long  as  we  measure  the  magnetic  quanta  according  to 
Gauss's  rule.  This  Prof.  Clausius  also  admits  ;  but  he  thinks 
an  extension  of  Maxwell's  expression  to  other  systems  of  mea- 
sures must  be  rejected  ;  he  explains  this  as  an  oversight  on 
Maxwell's  part,  and  the  equations  and  determinations  of  mea- 
surements derived  from  it  as  erroneous. 

The  only  reason  which,  in  this  respect,  ha  alleges  against 
Maxwell's  definition  is  the  following,  in  §  3  of  the  memoir 
above  cited: — "The  force,  however,  which  a  current  exerts 
upon  a  magnetic  pole  is  eledrodynamic  ;  and  from  this  it  fol- 
lows that  an  equation  of  which  the  deduction  is  based  upon 
this  force  can  be  regarded  as  valid  only  in  the  dynamic  system 
founded  upon  the  electrodynamic  forces,  and  not  in  the  static 
system  based  on  the  electrostatic  forces." 

But  even  if  one,  as  an  adherent  of  Ampere's  hypothesis, 
entertained  no  doulDt  respecting  the  first  part  of  this  proposi- 
tion, I  do  not  see  why  the  conclusion  should  be  urged  against 
Maxwell  only,  and  not  against  the  interpretation  of  Ampere's 
law  adopted  by  Clausius  himself,  since  the  latter  is,  after  all, 
nothing  but  another  way  of  expressing  the  same  facts.  Both 
quantities.  Maxwell's  potential-period  O  as  well  as  Ampere's 
magnetic  momentum  of  uuit  surface,  are^  in  Gauss's  system  of 
measui'ement,  of  the  dimension  [»?/L]  ;  both  have  a  physical 
meaning  only  in  "  the  representation  of  the  force  which  a  cur- 
rent exerts  upon  a  magnetic  pole." 

The  true  reason  of  the  difference  moreover  appears  to  me  to 
lie  in  quite  another  circumstance — namely,  in  Maxwell's  defi- 
nition of  the  magnetic  potential  ft.  This  is  with  him  not  the 
form  of  calculation  2[«^/r],  but  he  defines  it  in  this  case,  as 
also  in  the  corresponding  applications  to  electrostatics  and 
electrodynamics,  by  stating  that  ft  .  m  is  a  work — which  defi- 
nition also  underlies  Gauss's  definition  of  m. 

The  differential  quotient  —dH/dx  is,  corresponding  to  this, 
the  force  which  acts  upon  the  unit  of  magnetism,  and  therefore 
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(—11)  Jacoby's  force-function.  If  we  introduce  for  m  another 
measuring  unit,  and  measuring  with  it  obtain  m-i,  111,  Jj 
instead  of  m,  fl,  J,  then  must,  according  to  Maxwell's  defi- 
nition, 

and  therefore 

The  unit  of  current  therefore  increases  in  the  inverse  propor- 
tion of  the  newly  chosen  unit  of  magnetism  to  the  old  one  ; 
but  the  force  which  the  unit  of  current  exerts  upon  the  unit 
of  magnetism  remains  constant.  With  Prof  Clausius,  on  the 
contrary,  both  m  and  J  increase  in  the  same,  and  not  in  the 
inverse  ratio,  and  the  force  inci'eases  as  in^  or  J^.  According 
to  his  determinations,  the  feigned  surface  of  Ampere  always 
produces  one  more  leap,  equal  to  the  momentum  of  unit  of 
surface,  in  the  function  2(m/r);  but  this  function  has  then 
no  longer  the  signification  of  the  force-function  for  the  newly 
chosen  magnetic  units. 

In  all  this  I  cannot  perceive  any  mistake  of  MaxwelFs;  and 
his  equations,  derived  from  the  formulation  chosen  by  him  of 
the  fundamental  phenomenon,  are  altogether  as  consistent  with 
each  other  and  as  correct,  if  understood  in  the  sense  of  their 
author,  as  those  of  Prof.  Clausius.  Rather,  this  case  shows 
that,  if  we  abandon  Gauss's  determination  of  the  magnetic 
unit,  we  again  fall  into  at  least  two  different  and  equally  jus- 
tifiable systems  of  measuring-units;  and,  for  my  part,  I  could, 
with  respect  to  both  Maxwell  and  Clausius,  draw  from  this 
the  practical  conclusion  that  we  ought  by  no  means  to  forsake 
the  above-mentioned  method  of  Grauss  until  we  have  particu- 
larly important  reasons  and  a  definite  purpose  for  such  a  pro- 
ceeding, when  the  choice  between  the  systems  of  Maxwell  and 
Clausius  would  probably  be  decided  on  positive  grounds. 

Now,  although  I  must  vindicate  Maxwell  from  the  charge 
of  having,  in  consequence  of  an  oversight,  set  up  incorrect 
equations,  yet  it  should  be  mentioned  that  in  the  wording  of 
the  text  of  §  623  of  his  work,  where  he  reduces  the  dimensions 
of  all  the  rest  of  the  electric  and  magnetic  quantities  to  the 
dimensions  of  any  one  chosen  from  among  them,  an  omission 
occurs  which  might  easily  lead  the  reader  into  error,  if  he 
does  not  closely  examine  the  connexion  of  the  somewhat  com- 
plicated systems  of  equations  of  §§  622  and  623,  and  which 
seems  to  give  to  the  propositions  of  §  623  a  greater  extension 
than  Maxwell  himself  would  probably  have  given  them.  For 
at  the  beginning  of  Chapter  X.,  in  §  620,  he  speaks  of  electro- 
static  and  electromagnetic  but  not  of  magnetic   units,   and 
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moreover  gives  definitions  according  to  which  the  electro- 
kinetic  units  are  determined  without  any  consideration  of 
magnetism.  But  in  §  (321  he  introduces  magnetic  quantities 
without  in  any  way  saying  expressly  that,  in  all  his  determi- 
nations of  the  ratio  between  electric  and  magnetic  quantities, 
the  electromagnetic  determination  discussed  in  the  chapters  in 
question, 

47rJ  =  H, 
will  be  retained. 

In  this  respect  Maxwell's  intention  in  sketching  different 
systems  was  exactly  the  same,  and  as  limited,  as  that  more 
recently  carried  out  by  Clausius,  although,  from  the  cause 
above  discussed,  the  manner  of  carrying  it  out  by  the  two  has 
turned  out  different. 

The  matter  being  so  important,  T  will  take  leave  to  give 
here  a  summary  of  the  connexion  of  the  equations  of  the  cor- 
responding paragraphs  (621-623)  of  Maxwell's  Treatise  on 
Electricity  and  Magnetism.  In  §  621  he  arranges  the  quan- 
tities for  which  the  dimensions  of  the  unit  are  to  be  determined. 
I  place  them  here  in  a  somcAvhat  different  order,  and  with  the 
notation  of  their  meaning  which  is  more  usual  in  Germany. 
There  are  four  electrostatic,  namely: — 

e,  electric  quantum ; 

E,  electrostatic  potential-function ; 

®,  dielectric  polarization,  measured  by  the  electric  density 
at  the  surface  of  the  dielectric ; 

(S,  the  electric  force  in  a  point,  acting  upon  the  unit  of  s. 

The  four  corresponding  magnetic  quantities  he  denotes,  in 
the  same  order,  by  m,  D,,  SB,  ^. 

To  these  are  added  four  more  corresponding  quantities, 
namely: — 

C,  the  intensity  of  a  current; 

(5,  current-density ; 

jj,  the  electrokinetic  momentum  of  a  current ; 

51,  the  vector-potential  of  electric  currents. 

As  regards  the  meaning  of  the  last  two  quantities,  p  is 
Neumann's  electrodynamic  potential  of  the  other  currents 
present,  referred  to  the  entire  conductor  (passed  through  by 
the  unit  of  current)  for  which  it  is  calculated  ;  and  51 .  ds  is 
the  same  potential  referred  to  a  conductor-element  ds  situated 
at  a  determined  place. 

I  remark  further  that  the  quantities  denoted  by  German 
capital  letters  are  vectors,  i.  e.  quantities  having  direction  and 
resolvable  into  components  according  to  the  law  of  the  paral- 
lelogram of  forces, — and  that  the  selection  of  them  resulted 
fron)  Maxwell's  ende;nour  to  introduce,  as  far  as  possible,  only 


Measures  for  Electric  and  Magnetic  Quantities.         437 

directly  observable  quantities  into  the  calculation,  and  to  avoid 
hypotheses. 

In  §  622  Maxwell  sets  forth  dimension-determinations  tor 
the  products  and  quotients  of  these  twelve  quantities,  as  given 
immediately  by  their  meaning.  There  are  fifteen  of  these 
determinations,  in  which  those  quantities  referable  to  elec- 
tricity are  kept  quite  separate  from  those  which  refer  to  mag- 
netism, so  that  (which  is  certainly  remarkable)  from  these 
fifteen  determinations  no  relation  between  electricity  and  mag- 
netism appears.  I  arrange  them  tabularly,  retaining  Max- 
well's above-employed  notation  of  the  dimensions. 


No. 

Dimension. 

Electric  quantities. 

Magnetic 
quantities. 

1. 

L^M/P 

[e.E],      [^3.0] 

\jn .  n] 

2. 

M/(LT-^) 

[X).e],    [C.51] 

[33.^] 

3. 

T 

[e/C],        [^VE],  [W€] 

4. 

L 

[E/(S],      [/>/5l] 

[n/^] 

5. 

U 

lem\      [0/6] 

[m/S5] 

The  last  series  of  determinations  result  from  the  first,  if  they 
be  divided  by  the  product  of  the  quantities  in  question  of  the 
second  and  fourth  series.  The  fifth  series  may  therefore  be 
omitted  as  superfluous;  then  there  remain  the  following  iden- 
tical equations  between  the  quantities  in  the  first  four  rows: — 

_[;^-C] 


LeJ     [e.E]    LcJ- 


[|]  = 


-E 


^•E].g] 


[l] 


Lastly,  there  are  left  three  independent  determinations  for 
the  four  magnetic  quantities  m,  fl,  S,  ^,  and  seven  for  the 
eight  electric  quantities  e,  E,  j9,  C,  X*,  (f,  (5, 51-  If,  therefore, 
of  these  two  groups  one  quantity  each  be  defined  by  other  de- 
terminations— for  example  m  and  g,  the  quantum  of  magnetism 
and  the  quantum  of  electricity — all  the  others  are  completely 
defined,  namely: — 
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Electric. 

Electrokinetic. 

Magnetic. 

Potentials   ... 

Forces     

Densities     . . . 

f-MI-i 

T(5i-r^i 

^     -■       \_mL   J 

-,     rLM] 

rsi-rn 

W  =  [CT] 

These  are  the  determinations  which,  without  any  further 
limiting  equations,  result  from  the  above  fifteen.  These  can 
be  applied  to  any  definition  of  the  units  of  m  and  e,  and  there- 
fore also  to  the  electrostatic-mac/netic  system  of  Gauss. 

Now  follows,  in  Maxwell,  §  623,  "  These  fifteen  equations 
are  not  independent  of  each  other ;  and  in  order  to  deduce 
from  them  the  dimensions  of  all  the  twelve  units  they  contain, 
we  require  one  more  equation."  In  fact  we  require  two, 
since  e  and  7n  must  be  determined  singly  by  recurring  to  two 
facts  of  observation  regarded  as  fundamental  phenomena.  The 
one  here  wanting,  not  expressly  mentioned  by  Maxwell,  but 
from  the  connexion  self-evidently  presupposed,  we  can  write 
as  above:—  [^]  =  [C]. 

Clausius  has  chosen  for  it  the  less  perspicuous 

[p']  =  [m']. 

But,  since  one  of  the  fifteen  determinations  in  §  622  reads 

[m.n]  =  [p.C], 
each  of  the  two  follows  from  the  other. 

Just  on  this  account,  however,  the  closing  words  of  §  623, 
"  All  the  above-given  determinations  are  correct  for  any  sys- 
tem of  units  we  may  choose,"  must  be  altered,  and  limited  to 
electromagnetic  systems,  and,  indeed,  to  such  only  as  are 
derived  from  the  meaning,  as  defined  by  Maxwell,  of  the  fun- 
damental law  of  electromaonetism.  For  that  coucludino-  sen- 
tence  applies  neither  to  the  electrostatic  system  nor  to  the 
system  set  up  by  Clausius.  Of  the  possibility  that  another 
conception  of  the  electromagnetic  fundamental  law  might  here 
lead  to  other  consequences  Maxwell  probably  did  not  think  ; 
and  in  this  respect  Clausius  has  indeed,  in  his  most  recent 
memoir,  given  a  thankworthy  enrichment  of  our  ideas. 

Finally,  we  must  speak  of  the  reason  why  Prof.  Clausius  is 
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willing  to  drop  the  electrostatic  system,  constructed  according 
to  Gauss's  principles,  hitherto  employed.  The  only  thing  he 
says  on  this  subject  is  contained  in  §  1  of  his  memoir.  After 
mentioning  that  the  forces  exerted  upon  each  other  by  closed 
electric  currents  may  be  regarded  as  indubitably  known,  he 
continues: — "  As,  further,  the  small  electric  currents  which 
according  to  Ampere  are  to  be  assumed  as  existing  in  the 
interior  of  a  magnet  are  likewise  closed,  we  have  in  magnetism 
to  do  with  forces  of  the  same  kind."  Thereupon  follows  an 
analysis,  according  to  which  the  forces  of  two  magnetic  quanta 
are  to  be  regarded  as  dynamic. 

This  reason,  however,  would  be  decisive  only  if  it  were  cer- 
tainly proved  that  Ampere's  hypothesis  corresponds  to  the 
reality,  while  up  to  the  present  it  can  hardly  be  said  that  it 
has  been  clearly  and  consistently  worked  out  for  all  sorts  of 
diamagnetic  and  ferromagnetic  bodies.  In  particular,  this 
hypothesis  would  also  require  that  the  hypothetic  molecular 
currents  of  magnetized  bodies  should  show  the  changes  which 
are  to  be  generated  by  electrodynamic  induction,  as  they  are 
in  fact  logically  assumed  to  do  by  W.  Weber  in  his  well- 
known  explanation  of  diamagnetic  polarization.  How  this 
can  be  reconciled  with  the  properties  of  ferromagnetic  bodies 
I  leave  the  adherents  of  this  theory  to  explain.  Meanwhile, 
however  interesting  this  theory  may  be,  we  may  look  upon  it 
as  neither  verified  nor  even  completely  worked  out. 

Among  the  electrodynamic  theories  which  assume  direct 
action  at  a  distance,  its  quantity  and  direction  depending  on 
the  absolute  or  relative  motions  of  two  electric  quanta,  stands 
that  of  Faraday  and  Maxwell.     It  has  at  least  this  superiority 
to  those,  that  it  does  not  violate  either  the  principle  of  the 
finiteness  and  constancy  of  energy  or  that  of  the  equality  of 
action  and  reaction  ;  and  moreover  it  bases  a  theory  of  light, 
free  from  many  difficulties  of  the  hitherto  received  undulation 
theory,  upon  the  identical  hypotheses  which  form  the  ground- 
work of  electrodynamics.     In  order  to  discover  the  essential 
character  of  the  forces  of  electricity  and  magnetism.  Maxwell 
excludes  those  processes  in  which,  according  to  the  sort  of 
friction,  heat  is  generated  and  electric  or  magnetic  energy 
lost,  and  founds  his  theory  upon  conservative  processes  only. 
In  particular,  he  excludes  the  conduction  of  electricity  in  con- 
ductors, and  the  coercive  force  in  magnets.     Then,  however, 
his  fundamental  equations  present  the  most  complete  analogy, 
not  between  magnets  and  moved   electricity,    but   between 
resting  dielectric  and  resting    magnetic  polarization.     It  is 
precisely  to  this  analogy  that  Gauss's  electrostatic  system  of 
measures  perfectly  accommodates  itself. 
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I  will  make  one  more  remark,  that  when  one  seeks  to  form, 
after  the  analogy  of  Hamilton's  principle,  that  integral,  taken 
with  respect  to  the  time,  whose  variation  gives  the  equations 
of  motion  according  to  Maxwell  in  place  of  the  electrodpiamic 
potential  of  Clausius  (Maxwell's  electrokinetic  energy)^  a  bilinear 
function  of  the  components  of  the  electric  flow,  on  the  one 
hand,  and  of  the  components  of  the  magnetic  momenta,  on  the 
other,  arises  in  which  the  latter  have  to  be  dealt  with,  but  not 
as  velocities.  This  last  point  I  reserve  to  myself  to  treat  soon 
in  another  place. 

For  the  present  I  need  only  remind  physicists  that  the 
ground  on  which  Prof.  Clausius  is  inclined  to  reject  the  hitherto 
accepted  electrostatic  system  is  a  hypothetical  assumption, 
contested  between  different  theories  ;  and  I  would  beg  them 
not  to  transfer  the  name  of  the  electrostatic  system  pro- 
ceeding from  Gauss,  and  hitherto  employed  by  preference  in 
mathematical  works,  to  another.  In  this  system  the  potentials 
{ni^/r)  and  {jP/r)  are  quantities  of  work;  their  entire  physical 
importance  rests  upon  the  fact  that  they  are  such.  The  theory 
of  the  potential-functions  forms  one  of  the  most  complex  and 
interesting  chapters  of  mathematical  physics,  corresponding  to 
well  and  perfectly  known  physical  processes.  If  Gauss's  units 
be  changed,  then  must  we  accustom  ourselves  to  add  factors 
to  all  potential-functions,  in  order  that  they  may  remain  quan- 
tities of  work  and  their  differential  quotients  give  the  forces. 
On  the  contrary,  whether  J^  is  a  force  and  m3  a  work,  or 
whether  we  must  write  for  them  A^J^  and  A;/iJ,  appears  to 
me  much  less  important,  especially  as  we  know  well  and 
accurately  just  a  portion  of  the  department  of  electromagnetic 
actions,  viz.  that  consisting  of  closed  currents,  but  in  the  pro- 
vince of  unclosed  currents  the  most  luxuriant  flora  of  hypo- 
theses still  flourishes. 

XLIX.   Tlie  Thomson  Effect.     By  John  Trowbridge  and 
Charles  Binghabi  Penrose*. 

SIR  WILLIAM  THOMSONf  first  discovered  that  when 
an  electrical  current  passes  through  a  piece  of  metal, 
the  ends  of  which  are  of  different  temperatures,  it  carries 
heat  with  it ;  the  direction  depending  upon  the  character  of 
the  metal  and  the  direction  of  the  current.  This  pheno- 
menon is  known  as  the  Thomson  Effect.  Le  Roux|  subse- 
quently verified  Thomson's  results,  and  gave  an  incomplete 
table  of  the  effect  in  different  metals.     No  especial  pains  have 

*  From  Silliman's  American  .Journal  of  Science  for  November  1882. 

t  Phil.  Trans.  185G,  vol.  iii.  p.  661. 

X  Ann.  de  Chim.  et  de  Fhijs.  1867,  [4]  vol.  x.  p.  258. 
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been  taken  hitherto  in  experimenting  with  pure  metals.  We 
have  thought  it  would  be  valuable  to  test  the  effect  in  as  pure 
a  metal  as  we  could  obtain  by  electrolysis.  We  have  also 
extended  Le  Roux's  table  by  the  addition  of  the  effect  in 
nickel,  which  Thomson  was  unable  to  obtain,  and  also  in 
carbon.  An  endeavour  has  been  made  to  ascertain  if  the 
effect  is  reversible,  and  also  to  discover  if  it  is  modified  in  a 
magnetic  field. 

The  strip  of  nickel,  45  centim.  long,  2*6  wide,  and  2  niil- 
lim.  in  thickness,  was  placed  with  its  flat  surface  horizontal. 
One  face  of  a  thermopile  was  placed  at  a  fixed  point  on  the 
surface  of  the  nickel,  separated  from  it  by  a  thin  piece  of  mica. 
A  weight  pressed  upon  the  other  surface.     The  thermopile 
was  connected  with  a  Thomson's  reflecting  galvanometer  of 
six   ohms  resistance.     The   two  extremities  of  the   strip    of 
nickel  were  connected  with  a  battery  of  six  Grove  cells,  the 
wires  first  passino-  throutrh  a  key  so  that  the  direction  of  the 
current  could  be  reversed.     One  end  of  the  nickel  was  kept 
at  the  temperature  of  the  air,  15°  0. ;  the  other  at  a  constant 
red  heat  by  means  of  a  Bunsen  burner.     The  metal  was  heated 
in  this  way  from  9  a.m.  to  3  p.m.,  until  it  reached  a  condition 
of  thermal  equilibriuiu,  as  shown  by  the  galvanometer.     The 
scale  of  the  galvanometer  was  then  moved  until  the  spot  of 
light  came  to  0.     The  current  from  the  Grove  cells  was  then 
passed  for  one  minute  alternately  in  opposite  directions,  and 
the  deflections  of  the  galvanometer  were  read  every  quarter  of 
a  minute.     Before  the  direction  of  the  current  was  changed, 
the  circuit  was  each  time  broken,  and  the  spot  of  light  was 
allowed  to  fall  to  0.     The  following  table  gives  the  results. 
The  column  marked  "  C-H"  gives  the  deflections  when  the 
current  was  passing  from  cold  to  hot.     The  small  numbers 
show  which  deflections  in  each  pair  were  taken  first. 


C-H. 

H-0. 

Deflections  taken  every  ^  minute. 

Deflections  taken  every  ^  minute. 

I 

2 

1 

2 

1 

2 

1 

2 

1 

2 

4-1 

4-2 

4-0 

4-3 

4-4 

3-3 

40 

3-6 

3-8 

4-1 

6-3 

6-4 

6-5 

6-4 

6-4 

50 

6-2 

5-4 

5-9 

6-0 

7-3 

7-2 

7-5 

70 

7-2 

5-8 

6-7 

6-2 

6-5 

7-0 

7-4 

7-6 

7-6 

7-3 

7-7 

6-1 

7-3 

6-5 

6-8 

7-2 

From  this  table  it  is  obvious  that  more  heat  is  evolved  by  a 
constant  current  per  unit  time  in  passing  from  the  cold  to  the 
hot  end  of  the  nickel  than  in  passing  in  the  opposite  direction. 
The  Thomson  Effect  in  pure  nickel  is  consequently  negative  ; 
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i.  e.  heat  is  absorbed  by  a  current  in  passing  from  hot  to  cold, 
and  evolved  in  passing  from  cold  to  hot.  The  above  results 
were  confirmed  by  many  similar  experiments,  as  will  be  seen 
later. 

It  was  next  determined  to  find  w^hether  the  Thomson  Effect 
was  reversible — that  is,  w^hether  the  heat  absorbed  by  a  current 
in  passing  across  a  section  of  temperature  t  was  equal  to  the 
heat  evolved  by  the  same  current  when  passing  in  the  opposite 
direction  across  the  same  section.  This  subject  has  import- 
ant bearings  on  the  thermodynamical  theory  of  thermoelec- 
tricity. 

The  following  method  was  pursued: — Both  ends  of  the  nickel 
were  at  the  temperature  of  the  air,  15°  C.  The  current  from 
six  Grove  cells  was  passed  as  before,  and  the  deflections  of  the 
galvanometer  were  observed  every  half-minute.  The  apparatus 
w^as  arranged  exactly  as  before.  Column  I.  of  the  accompany- 
ing table  gives  the  deflections.  One  end  of  the  nickel  was 
now  placed  in  melting  ice.  After  one  hour  it  reached  a  con- 
dition of  thermal  equilibrium,  and  the  current  from  the  Grove 
cells  was  passed  alternately  in  opposite  directions.  The  deflec- 
tions are  given  in  II.  and  III. 

If  the  deflections  in  II.  and  III.  are  subtracted  from  the  cor- 
responding deflections  in  I.,  w^e  get  the  amount  of  deflection 
due  to  the  Thomson  Effect.  It  will  be  observed  that  all  the 
deflections  in  II.  are  less  than  those  in  I.,  and  those  in  III.  are 
greater,  as  they  obviously  should  be.  The  only  inaccuracy  in 
this  determination  is  due  to  the  fact  that  we  neglected  the 
alteration  in  electrical  resistance  of  the  nickel  due  to  the  slight 
change  in  temperature. 


I. 

Deflections 

taken  every 

5  minute. 

II. 
H-C. 

Deflections 

every 
^  minute. 

III 

C-H. 

Deflections 

every 
^  minute. 

I. -II. 

I.-UI. 

1-8 
2-6 
2-9 
31 

1-8 
2-4 
2-65 
2-75 

2-0 
2-8 
3-15 
3-25 

00 
0-2 
0-25 
0-35 

-0-2 
-0-2 
-0-25 
-0-15 

The  numbers  in  these  tables  are  ol)\  iously  too  small  to  draw 
any  conclusions.  They,  however,  confirm  the  preceding  results 
as  to  the  direction  of  the  Thomson  Effect;  and  tend  rather  to 
prove  than  disprove  the  reversibility  of  the  effect.  The  experi- 
ment was  repeated  several  times,  but  with  no  better  result. 

Experiments  were   also  made  to  test  the  influence  of  mag- 
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netism  on  the  Thomson  Effect.     Nothing  but  negative  results, 
however,  were  obtained. 

The  strip  of  nickel  was  placed  horizontally,  with  its  flat  sur- 
face perpendicular  to  the  axis  of  a  large  electromagnet,  the 
strip  being  between  the  two  poles  of  the  magnet.  One  surface 
of  the  nickel  was  pressed  against  one  pole;  on  the  other  sur- 
face was  placed  one  face  of  the  thermopile,  while  the  opposite 
face  was  in  contact  with  the  second  pole  of  the  magnet.  Mica 
was  used,  as  in  the  previous  experiments,  to  protect  the  feces 
of  the  pile.  The  whole  was  wedged  and  pressed  tightly  toge- 
ther, and  clamped  by  means  of  wire,  the  object  being  to  pre- 
vent any  motion  of  the  nickel  when  the  magnet  was  made. 
One  end  of  the  nickel  was  heated  by  a  Bunsen  burner ;  the 
other  was  at  the  temperature  of  the  air.  Six  hours  were  re- 
quired for  the  apparatus  to  reach  a  condition  of  thermal  equi- 
librium. The  electromagnet  was  connected  with  thirty-eight 
freshly  set-up  bichromate-of-potash  cells,  Avith  plates  of  large 
size.  A  current  from  eight  Grove  cells  was  now  passed  along 
the  nickel,  with  and  without  the  circuit  of  the  magnet  being 
made.  The  deflections  of  the  galvanometer  were  exactly  the 
same  in  each  case,  showing;  that  in  a  magnetic  field  (at  least 
of  the  strength  in  the  experiment)  the  Thomson  Effect  was 
unaltered. 

It  is  unfortunate  that  the  strength  of  the  field  could  not  be 
accurately  obtained,  as  the  batteries  had  been  running  about 
thirty  minutes  by  the  time  the  experiment  was  completed. 
The  field,  however,  was  verv  much  stronger  (as  shown  by 
rough  tests)  than  in  another  experiment,  where  the  minimum 
value  was  found  to  be  184  times  the  vertical  intensity  of  the 
earth^s  magnetism. 

The  determination  of  the  relative  value  of  the  Thomson 
Effect  in  nickel  by  the  following  method  gives  of  course  but 
approximate  results.  The  value,  however,  is  probably  as  accu- 
rate as  those  given  by  Le  Roux  for  other  metals. 

A  strip  of  copper,  of  about  the  same  dimensions  as  the  nickel 
used  before,  was  arranged  exactly  as  the  nickel  had  been.  The 
thermopile  was  insulated  from  the  strip  by  the  same  piece  of 
mica,  and  the  same  weights  were  placed  on  the  upper  surface. 
One  end  of  the  copper  Avas  heated  in  boiling  water;  and 
when  the  apparatus  had  reached  a  condition  of  equilibrium, 
the  deflection  of  the  galvanometer  was  35  centim.  A  current 
from  four  amalgamated  Grove  cells  was  now  passed  alternately 
in  opposite  directions  along  the  bar,  the  deflections  pf  the  spot 
being  taken,  in  each  case,  after  one  minute.  The  results  are 
given  in  the  left-hand  table  : — 
^  2G2 
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P,  TT              -rr  o        Difi'erences 
O-M.             M-O.         between 

Deflections  .Deflections    ^^^  ^^^,^,^_  \ 
taken  every  taken  every        ^^^ing 
minute.         minute.      ^l^,,^^^,^^^ 

C-H. 

Deflections 

taken  every 

minute. 

H-C. 

Deflections 

taken  every 

minute. 

Differences 
between 

the  corre- 
sponding 

deflections. 

12-0    2 
12-3    ' 
12-1     ^ 
12-0    2 

13-0     ^     i         1-0 
131    2             0-8 
13-4    =^             1-3 
12-8    '             0-8 

14-5    ' 
14-3    ^ 
14-3    1 
14-8    2 

13-3    ^ 
13-3    1 
13-4    2 
13-3    1 

1-2 

1-0 

■9 

1-5 

Mean  difference  =0'97. 

Mean  difference  =1-15. 

The  strip  of  nickel  was  now  substituted  for  the  copper, 
every  thing  else  remaining  exactly  the  same.  One  end  of  the 
nickel  was  heated,  and  the  thermopile  was  placed  on  such  a 
spot  that  the  galvanometer  gave  a  deflection  of  35  centim. 

The  same  current  was  passed  as  above.  The  results  are 
given  in  the  right-hand  table.  Let  d=  the  mean  difference 
in  the  first  table,  and  d'  =  that  in  the  second,  d  and  d'  are  then 
proportional  to  the  elevation  of  temperature  of  the  part  of  the 
bars  under  the  pile  on  account  of  the  Thomson  Effect.  Let 
o-=  coefficient  of  Thomson  Effect;  that  is,  a  is  such  a  quantity 
that  add  represents  the  heat  absorbed  per  unit  current  per  unit 
time  in  passing  from  section  at  temperature  6  to  section  at 
temperature  6  +  dd.  The  heat  evolved  in  unit  section  when 
the  temperature  is  increased  hj^d  .K.  is  ^K(iSD,  where  K 
is  a  constant  depending  on  the  galvanometer,  S  is  the  specific 
heat;,  and  D  the  density  of  the  metal.  If  we  consider  the 
Thomson  Effect  to  be  constant  under  the  pile,  and  6  and  6'  to 
represent  the  temperature  of  the  ends  of  the  space  covered  by 
the  pile,  we  have  : — 

and  the  similar  expression  for  nickel, 


0- 


d!_ 
d 


s 


(I-) 


Equation  (I.)  then  gives  the  relative  value  of  the  coefficient  of 
the  Thomson  Effect  at  any  temperature  6, 

S  =  -095,  S'  =  '108,  D=8-9,  D'=8-3,  (^=0-97,  rf'=M5 


=-1-25; 


<r'  =  l-25a. 
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In  Le  Roux's  table  o-  =  2;  .".  cr' =  2'50:  cr  and  cr',  however, 
are  of  ojiposite  sign.  Introducing  nickel,  Le  Roux^s  table 
becomes: — 

+ 

Sb     64  Fe  31 

Cd    31  Bi  31 

Zn    11  Arg  25 

Ag      6  Pt  18 

Cu      2  Ni  2-25 

Al  0-1 
Sn        0-1 

The  Thomson  EflFect  in  carbon  was  next  investigated.  The 
carbon  used  was  the  graphite  of  the  common  carpenter's  lead- 
pencil.     The  pencils  which  gave  the  best  results  were  Faber's. 

Attempts  were  first  made  to  measure  the  direction  of  the 
Thomson  Effect  in  the  same  way  as  in  the  case  of  nickel — that 
is,  by  placing  a  face  of  the  thermopile  on  one  surface  of  the 
carbon,  the  two  ends  of  the  carbon  beiuo:  maintained  at  con- 
stant  temperatures,  and  passing  the  electric  current  alternately 
in  opposite  directions.  This  method  was  unsuccessful  from 
the  fact  that  one  Grrove  cell  heated  the  carbon  to  such  a  degree 
that  in  one  minute  the  spot  of  light  was  thrown  off  the  gal- 
vanometer-scale, thus  rendering  it  impossible  to  measure, 
with  any  accuracy,  the  rate  at  which  the  deflection  increased. 

The  method  of  Le  Roux  was  then  tried,  of  using  two  strips 
of  carbon,  each  face  of  the  pile  being  in  contact  with  one  strip. 
This  method  not  only  doubles  the  deflection  due  to  the  Thom- 
son Effect,  but  also  greatly  diminishes  the  deflection  due  to  the 
heat  evolved  on  account  of  the  electrical  resistance  of  the  car- 
bon. If  the  two  strips  of  carbon  were  exactly  the  same  in  all 
their  physical  properties,  and  the  contacts  with  the  faces  of 
the  thermopile  were  the  same  on  each  side,  the  latter  deflec- 
tions would  evidently  be  entirely  eliminated. 

Two  carpenter^s  pencils  were  split  longitudinally,  the  lead 
being  left  in  one  half  of  the  wood.  They  were  then  tightly 
bound,  parallel,  against  each  face  of  the  thermopile,  and  insu- 
lated from  it  by  thin  pieces  of  mica.  Especial  care  was  taken 
to  fasten  the  carbons  firmly,  so  as  to  prevent  any  motion  from 
the  passage  of  the  current.  The  pencils  were  placed  perpen- 
dicularly, the  lower  ends  in  two  vessels  of  mercury,  surrounded 
by  melting  ice;  the  upper  ends  were  at  the  temperature  of  the 
air.  The  upper  ends  were  electrically  connected;  and  the 
wires  from  a  battery  of  three  Grove  cells  were  placed  in  the 
vessels  of  mercury.  The  thermopile  was  connected  with  a 
reflecting  galvanometer  of  six  ohms  resistance. 
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When  the  system  had  reached  a  condition  of  thermal  equi- 
librium, the  current  from  the  battery  was  passed,  and  the 
observations  were  made.  The  vessels  of  mercury  and  the  cor- 
responding pencils  are  denoted  by  '*'  a  "  and  "  &."  The  cur- 
rent entered  alternately  in  "  a  "  and  "  &,"  the  deflections  of  the 
galvanometer  being  taken,  in  each  case,  every  half  minute. 
The  deflections  showed  that  the  pencil  "  a  "  was  warmer  than 
"  &;"  but  the  difference  of  temperatures  was  greater  in  one  case 
than  in  the  other. 

The  following  table  represents  the  results  of  two  sets  of  ex- 
periments. The  small  numbers  at  top  show  which  column  of 
each  pair  was  taken  first. 


F 

irst  experiment. 

Second  experiment. 

Current 

Current 

Difference, 

Current 

Current 

Difference, 

enters 

enters 

proportional 

enters 

enters 

proportional 

at  "  0.." 

at  "  br 

to47E. 

at  "a." 

at  "  by 

to  47  B. 

2 

210 

20-8  ' 

0-2 

20-8 

20-2 

0-6 

34-5 

32-4 

21 

34-7 

1 

32-8 

1-9 

2 

1 

2 

21-2 

21-0 

0-2 

19-5 

18-2 

1-3 

34-5 

33-0 

1-5 

310 

29-3 

1-7 

37-0 

34-2 

2-8 

2 

1 

1 

2 

21-4 

20-6 

0-8 

19-8 

180 

1-8 

34-3 

32-8 

1-5 

31-8 

29-2 

2-6 

37-3 

340 

3-3 

2 

1 

1 

2 

21-7 

21-6 

01 

20-0 

18-8 

1-2 

360 

34-3 

1-7 

32-6 

30-4 

2-2 

42-4 

40-0 

2-4 

387 

35-7 

30 

2 

I 

I 

2 

230 

21-7 

1-3 

21-0 

19-8 

1-2 

38-2 

350 

3-2 

33-8 

31-3 

2-5 

45-0 

41-2 

4-3 

39-8 

36-3 

3-5 

2 

1 

1 

2 

23-.0 

230 

0-5 

200 

190 

1-0 

39-0 

37-0 

2-0 

32-2 

29-8 

2-4 

45-8 

43-8 

2-0 

37-4 

34-3 

31 

From  this  table  it  appears  that  the  Thomson  Effect  in  ordi- 
nary graphite  is  negative  ;  that  is,  heat  is  apparently  evolved 
when  the  current  passes  from  cold  to  hot,  or  the  negative  cur- 
rent carries  heat  with  it.  The  difference  in  the  last  columns 
are  obviously  proportional  to  four  times  the  Thomson  Effect, 
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assuming  that  the  effect  is  reversible.  It  also  appears  from 
the  table  that  the  effect  increases  as  the  temperature  increases, 
which  is  in  accordance  with  Tait's  assumption. 

These  experiments  were  repeated  with  the  graphite  from 
other  kinds  of  pencils;  but  in  no  case  was  the  effect  nearly  as 
marked  as  in  Faber's.  Even  in  the  case  of  Faber's  pencils 
many  trials  were  made  before  satisfactory  results  were  obtained. 

Equations  representing  the  thermal  condition  of  a  bar  when 
acting  as  a  conductor  of  heat  and  electricity  may  be  deduced 
as  follows: — One  end  of  the  bar  is  supposed  to  be  maintained 
at  a  constant  temperature,  the  other  at  that  of  the  air  ;  and  the 
electric  current  is  supposed  to  be  constant.  For  simplicity, 
we  will  assume  that  the  specific  electrical  resistance  of  the  bar 
is  constant  throughout,  i.  e.  is  independent  of  slight  differ- 
ences of  temperature. 

The  quantity  of  heat,  H,  evolved  by  the  current  in  time  ht, 
in  the  section  of  the  bar  SS^t-  ( S  being  the  area  of  a  section), 
is  represented  by 

H=PRSS.i- .  8^, (I.) 

X  =  distance  of  the  section  from  heated  end.  If  we  assume 
that  the  thermal  conductivity  is  unaltered  by  the  slight  rise  in 
temperature  due  to  the  current,  it  can  easily  be  seen  that  the 
flow  of  heat  due  to  conduction  is  unaltered  by  the  current. 
Hence  we  can  consider  that  the  heat  evolved  by  the  current  is 
partly  used  in  raising  the  temperature  of  the  section  SSci-,  and 
that  all  the  rest  escapes  from  the  surface  by  radiation. 

The  Thomson  Effect  is  at  present  purposely  neglected. 

The  bar  is  supposed  to  have  reached  a  permanent  condition 
as  regards  conduction  before  the  current  was  passed.  Let  0 
be  the  temperature  of  the  section  of  the  bar  we  are  considering 
before  the  current  passes;  let  A  =  the  exterior  conductivity 
or  velocity  of  cooling  ;  let  p=  the  rise  of  temperature  above 
6  when  the  current  passes.  Assuming  Newton's  law  of 
cooling,  the  heat  radiated  on  account  of  the  rise  of  tempe- 
rature p  is  proportional  to  jjh  ;  and  the  quantity  radiated 
from  the  section  in  time  8t  from  the  same  cause  is 

^i=phlSx,8t, (II.) 

1=  the  periphery  of  the  bar. 

In  time  St  the  increase  of  temperature/)  becomes  p  +  8p; 
and  the  heat  developed  in  the  section  by  this  increment  is 

B.2  =  C^B8x.Sp (III.) 

As  we  saw  that  the  heat  of  the  current  was  expended  only 
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in  the  ways  represented  by  (II.)  and  (III.)j  we  have 

H  =  Hi  +  H2 (IV.) 

If  we  now  consider  the  influence  of  the  Thomson  Effect,  we 
simply  add  that  a  certain  quantity  of  heat  is  absorbed  or 
evolved  by  the  current  in  the  section  SSa',  distinct  from  that 
represented  by  I^R. 

If  o-  =  the  coefficient  of  the  Thomson  Effect,  the  heat  ab- 
sorbed or  evolved  due  to  this  effect  is,  in  time  ht, 

B.^=:lcThe.U (V.) 

The  effect  being  proportional  to  the  current,  and  a  being  de- 
fined as  such  a  quantity  that  aW  represents  the  heat  absorbed 
or  evolved  in  passing  from  a  point  at  temperature  ^  to  ^  +  hd, 
per  unit  current  per  unit  time,  introducing  this  effect  in  (IV.), 

H=Hi  +  H2  +  H3, (VI.) 

as  the  total  value  of  the  excess  of  heat  (due  to  the  current) 
in  the  section  can  be  considered  as  made  up  of  these  quantities. 
Substituting  the  values  in  (VI.)  from  (I.),  (II.),  (III.),  (V.), 
and  transposing, 

■^  ot  ox 

or,  at  the  limit, 

|  =  j4[pKS-,;,i-i4|].   .  (VII.) 

This  equation  gives  the  rate  at  which  the  temperature  rises 
when  the  current  passes,  and  will  approximately  apply  to  the 
preceding  experiments. 

When  the  temperature  of  the  bar  becomes  permanent, 

dt        ' 
and  (VII.)  becomes 

PRS-pA^  =  Io-^^=0; 

.-.  p  =  [pRS-143  i,   .   .   .   (vm.) 

giving  the  excess  of  temperature  due  to  the  current  in  the  per- 
manent condition  of  the  bar. 

The  values  in  (VIII.)  are  all  easily  determined  except  a 

and  h.     The  differential  coefficient  -j-  (the  I'ate  of  change  of 
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temperature  due  to  couduction  along  the  bar)  can  readily  be 
found  by  experiment ;  or  deduced  by  analysis,  as  in  the  case 
of  an  infinite  square  bar,  where 

e=a(B-''''  and  ^  =  -aA'@-K 
a.v 

As  p  may  easily  be  determined  by  experiment,  the  equation 

can  be  used  to  determine  a,  as 

PES-»/iZ  .-TV  ^ 

(Lv 

If  Tait's  assumption  that  a  =  MT  (where  M  is  some  con- 
stant and  T  the  absolute  temperature)  is  true,  we  might  obtain 
two  values  of  a  for  two  points  of  the  bar,  the  temperature  of 
which  was  known,  eliminate  h  from  the  two  equations,  and 
thus  obtain  a  value  for  M.  If  we  performed  the  same  opera- 
tion for  two  other  points,  we  should  get  another  value  for  M, 
and  could  verify  Tait^s  assumption  if  this  value  was  equal  to 
the  preceding. 

The  sources  of  error  in  the  preceding  investigation  are  due 
to  assuming  Newton's  law  of  cooling,  to  neglecting  the  change 
of  electrical  resistance  due  to  a  change  of  temperature,  and  to 
partly  neglecting  the  change  of  thermal  conductivity  due  to  the 
same  cause. 


L.   On  the  Reflection  of  Electrical  Rays, 
By  Dr.  E.  Goldstein  *. 

[Plate  VII.  figs.  1-8.] 

IT  has  been  usually  assumedf  that  the  (rectilinear)  electrical 
rays  radiating  from  the  kathode  of  the  discharge  of  an 
induction-coil  terminate  where  they  impinge  upon  a  solid  wall, 
and  that  beyond  the  point  in  which  they  cut  the  wall  they 
cannot  propagate  themselves  in  any  direction  |.     The  experi- 

*  Monatsber.  der  Konigl.  Akademie  der  Wissenschaften  zn  Berlin.  I^'ans- 
lated  from  a  separate  impressiou  commimicated  by  the  Author. 

t  Hittorf,  Pogg.  An7i.  cxxxvi. 

t  Herr  J.  Puluj  {Wien.  Ber.  1880,  [2]  p.  886)  is  the  only  physicist 
who  has  assumed  a  limited  power  of  reflection  of  the  kathode-rays, 
under  the  assumption  that  the  kathode-light  consists  of  scattered  particles 
of  the  electrode,  since  "it  is  not  intelligible  why  these  should  in  general 
suffer  no  reflection  at  the  wall."  The  conditions  of  an  experiment  made 
by  Herr  Puluj  to  examine  whether  reflection  takes  place  were  not,  in  my 
opinion,  such  that  any  possible  reflection  would  have  been  recognizable. 
That  which  Herr  Puluj  considers  phosphorescence  produced  by  reflected 
rays  is  partly  phosphorescence  produced  by  the  positive  light  of  the  so- 


450  Dr.  E.  Goldstein  on  the 

ments  which  have  led  me  to  reject  this  assumption  were  sug- 
gested bv"  an  observation  made  by  Prof.  E.  Wiedemann*. 

Prof.  Wiedemann,  in  using  a  tube  of  the  form  of  fig.  1 
(Plate  VII.),  where  the  disk  k  at  right  angles  to  the  axis  of 
the  vessel  C  forms  the  kathode,  not  only  observed  green  phos- 
phorescence such  as  produced  by  the  kathode-rays  on  the 
sides  of  the  tube  up  to  the  point  <,^'  which  could  be  reached  by 
straight  lines  from  /,■,  but  saw  also  a  feeble  illumination  of  the 
tube  r  beyond  the  bend,  and  a  brighter  phosphorescent  sur- 
face F  on  the  wall  C  opposite  the  mouth  of  the  tube  r.  The 
motions  of  the  small  surface  F  under  the  influence  of  the 
magnet  showed  that  it  was  produced  directly  by  electrical 
rays,  and  not  simply  by  optical  rays  possibly  reflected  at  the 
glass. 

Prof.  Wiedemann  is  disposed  to  explain  the  appearance  as 
one  of  the  phenomena  of  deflection  discovered  by  mef,  assu- 
ming that  the  glass  wall  at  a;  becomes  charged  and  acts  as  a 
weak  kathode,  causing  the  deviation  of  the  pencil  of  rays 
passing  by  it  out  of  the  direction  at  right  angles  to  the  plane 
of  k,  into  the  direction  xF. 

This  explanation  seemed  improbable  to  me  for  two  reasons: — 

(1)  Because  the  surface  F  is  always  much  more  feebly 
illuminated  than  would  have  been  the  case  if  the  phospho- 
rescence had  been  exerted  by  the  direct  kathode-rays  pene- 
trating to  C.  In  order  to  make  the  comparison,  the  kathode- 
rays  may  be  so  curved  by  the  influence  of  a  weak  magnet  as 
to  pass  the  bend  .t-.  The  comparison  may  be  more  certainly 
made  without  the  use  of  a  magnet  in  a  vessel  of  the  form 
shown  in  fig.  2,  where  two  paths  are  offered  to  the  kathode- 
rays — on  the  one  side  the  path  as  in  fig.  1  through  the  bent 
tube  ro\,  and  on  the  other  side  the  path  through  the  equally 
long  straight  tube  rg  at  right  angles  to  k. 

(2)  Because  the  surface  F  totally  disappears  if  the  tube  r  r^ 
has  a  second  bend  in  it,  in  whatever  direction  this  second 
bend  is  made.  This  would  not  happen  with  the  phenomena 
of  deflection,  which  I  have  examined,  where  a  ray  may  be  bent 
any  number  of  times. 

If  now  the  rays  which  produce  the  surface  F  are  not  direct 
rays  from  the  kathode  k,  then  we  may  suppose  either  (a)  that 
the  portions  of  the  tube  about  x,  upon  which  the  rays  from  the 

called  reflex  currents  in  the  system  of  tubes,  partly  phosphorescence  pro- 
duced by  direct  kathode-rays,  which  Herr  Puliij  unintentionally  produced 
by  touching  the  glass  with  the  finger  in  order  to  concentrate!  the  light. 

*  E.  Wiedemann,  Wied.  Ann.  xi.  p.  236  ;  PhU.  Mag.  [6]  x. 

t  Goldstein,  Mojiatsher.  d.  Konigl  AJcad.  der  Wisi>.  1870,  p.  285;  Phil. 
Mag.  [5]  iv.     Also  '  A  new  Form  of  Electrical  Repulsion '  (Berlin,  1880). 
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kathode  impinge  directly,  become  charged  with  negative  elec- 
tricity, which  reaches  such  a  tension  that  they  themselves 
form  a  second  kathode  and  radiate  electric  rays,  which  then 
produce  F ;  or  {h)  that  the  rays  Avhich  produce  F  are  rays 
from  the  kathode  k,  which  suffer  reflection  Avhen  they  fall 
upon  the  solid  wall.  In  this  reflection,  either  the  power  of 
producing  phosphorescence  of  the  rays  becomes  weakened 
or  their  density,  thus  explaining  the  small  intensity  of  light 
emitted  by  F. 

The  hypothesis  {a)  may  be  excluded,  as  shown  further  on  ; 
for  the  phenomenon  in  question  is  not  altered  if  the  surface 
upon  which  the  kathode-rays  impinge  directly  be  metallic, 
and  if  this  metal  surface  be  made  the  anode  of  the  discharge. 
If  in  accordance  with  this  assumption  we  suppose  that 
reflection  takes  place,  then  again  reflection  according  to  the 
optical  law  is  at  once  to  be  excluded,  since  the  position  and 
form  of  the  surface  F  remain  unchanged  even  when  the  angle 
of  the  bend  at  x  varies  from  25°  to  80°.  Consequently  the  law 
of  the  equality  of  the  angles  of  incidence  and  reflection,  or  the 
rule  that  when  the  reflecting  surface  is  rotated  while  the  inci- 
dent ray  preserves  the  same  direction,  the  reflected  ray  rotates 
through  twice  the  angle,  is  not  obeyed. 

We  ma}^,  however,  easily  make  numerous  experiments 
which  agree  in  showing  the  presence  of  diffused  reflection,  in 
consequence  of  which  each  point  of  the  wall  on  which  the  rays 
impinge  directly  diffuses  rays  in  all  directions. 

If  diffuse  reflection  is  proved,  we  have  at  once  the  explana- 
tion of  the  small  luminosity  of  F  in  comparison  with  portions 
of  the  tube  reached  by  the  direct  rays  in  the  diminution  in 
density  of  the  incident  pencil  of  rays. 

In  the  next  place,  if  we  employ  a  vessel  such  as  fig.  3,  we 
obtain  phenomena  corresponding  to  the  surface  F  in  the  cylin- 
ders Ci  and  C2  at  the  same  time.  The  rays  which  travel  as 
far  as  x  nearly  parallel  to  each  other,  therefore,  after  reflection, 
follow  at  least  two  directions  at  right  angles  to  each  other. 

The  following  experiment  forms  an  experimentum  crucis: — 
A  chamber  B  was  introduced  between  the  portion  of  the  tube 
containing  the  kathode  and  the  bend  at  x,  which  contained  a 
paper  diaphragm  which  could  be  turned  round  the  axis  a,  and 
which  had  a  slit  cut  in  it  about  1  millim.  broad  and  parallel 
to  a.  If  the  plane  of  the  diaphragm  falls  along  the  axis  r  r, 
its  edge  intercepts  no  perceptible  portion  of  the  pencil  of  rays 
which  reaches  the  tube  r  from  the  kathode,  and  which  is  about 
7  millim.  across.  But  if,  on  the  other  hand,  D  is  at  right 
angles  to  the  axis  of  r,  then  only  the  portion  of  this  pencil 
which  passes  through  the  narrow  slit  can  reach  the  bend  x 
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If  the  reflection  were  similar  to  that  of  a  mirror,  the  form  and 
magnitude  of  the  surface  F  would  change  perceptibly.  This 
surface,  in  all  the  experiments  so  far  described,  and  in  this  one 
also,  resembles  an  ellipse  of  small  excentricity,  where  D  has 
the  position  first  mentioned.  Its  smaller  axis,  which  falls  in 
the  plane  of  r  Vi,  is  about  twice  as  large  as  the  diametei"  of  r^ 
in  the  vessel  C,  which  is  about  3  centim.  in  diameter.  If  now 
we  mark  the  position,  form,  and  magnitude  of  F  on  the  out- 
side of  the  tube  C  when  the  diaphragm  presents  its  edge  only 
to  the  kathode-rays,  and  then  place  the  diaphragm  at  right 
angles  to  the  rays,  we  find  that  the  jyositioii,  form,  and  magni- 
tiide  of  F  remain  unchanged',  only  its  luminosity  is  now  consi- 
derably diminished. 

If,  instead  of  the  diaphragm  with  a  slit,  a  plate  without 
openings  is  introduced  into  the  chamber  B  capable  of  free 
motion,  so  as  to  cut  off  at  pleasure  either  the  upper  or  lower 
half  (and  also  the  right-hand  or  the  left-hand  half  of  the 
kathode-pencil)  by  covering  the  corresponding  portion  of  the 
mouth  of  V,  then  also  the  position,  form,  and  magnitude  of  the 
surface  F  remain  unchanged;  the  luminosity  only  of  the  whole 
surface  decreases,  but  most  in  the  half  which  is  opposite  to  the 
half  that  has  been  intercepted.  Thus,  for  example,  the  surface 
is  darkest  in  the  upper  half  when  it  is  the  lower  half  of  the 
kathode-pencil  which  is  intercepted. 

We  easily  see  how  these  observations,  inconsistent  with 
optical  reflection,  entirely  agree  with  the  assumption  of  a  dif- 
fuse reflection  of  the  kathode-rays. 

Tubes  of  the  form  of  fig.  5  are  better  adapted  for  the  further 
study  of  this  diffuse  reflection  than  the  vessels  employed  by 
Wiedemann.  The  rays  emitted  by  the  kathode  k  which  pass 
through  the  connecting  tube  r  into  the  wider  cylinder  Z  fall 
then  upon  the  plate  P,  which  is  fastened  to  a  wire  d  insulated 
with  glass  inside  Z.  The  cylinder  is  closed  air-tight  by  the 
caoutchouc  stopper  k,  by  removing  which  the  plate  P  can  be 
exchanged  for  another;  or  other  changes  in  the  apparatus  can 
be  made. 

If  the  plate  P  consists  of  phosphorescent  glass,  then  the 
rays  which  fall  upon  it  directly  produce  at  the  plate  s  simply 
an  oval  very  bright  green  phosphorescent  surface.  We  see, 
however,  distinctly  how  the  diffuse  reflection  from  this  surface 
causes  the  whole  wall  of  the  tube  Z  lying  above  the  plane  of 
P  up  to  the  stopper  k  to  phosphoresce  with  subdued  green 
light,  which  is  weaker  the  further  the  portion  of  the  wall  is 
removed  from  s. 

If  the  plate  P  be  covered  with  chalk,  its  surface  at  s  shines 
with   orange-red  light,  but  the  wall  of  Z  presents  a  green 
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luminosity  as  before — a  proof  that  this  luminosity  does  not 
depend  upon  optical  reflection.  So  also  the  phosphorescence 
produced  by  diffuse  reflection  remains  unaffected  if  P  be  con- 
structed of  some  material  which  does  not  phosphoresce  at  all. 
It  is  further  a  matter  of  indifference  whether  P  is  metallic  or 
consists  of  an  insulator.  In  the  former  case  P  may  even  be 
made  the  anode  of  the  discharge,  without  the  reflection  of  the 
rays  appearing  in  any  way  weakened. 

The  kathode-rays  are  therefore  not  absorbed  by  the  anode, 
even  when  they  play  directly  upon  the  surface  of  the  anode. 
Further  we  see,  as  already  mentioned  above,  that  the  pheno- 
menon in  question  cannot  be  explained  by  supposing  that  the 
surface  struck  by  the  direct  kathode-rays  is  itself  converted 
into  a  kathode. 

If  we  bring  small  objects  between  the  plate  P  and  the  phos- 
phorescent surface  of  Z,  such,  for  example,  as  the  wire  D 
(fig.  6),  whose  distance  from  P  can  be  varied  by  rotation 
round  the  axis  D,  we  can  very  well  recognize  the  character  of 
the  diffuse  reflection  which  the  place  s  causes  in  the  rays 
which  fall  directly  upon  it.  For  the  shadow  of  the  ^^dre  D 
only  appears  narrow  and  sharp  when  the  wire  is  brought  close 
to  the  "\rall  of  the  vessel;  if  D  is  moved  from  the  wall  towards 
P,  its  shadow  soon  becomes  broad  and  indistinct.  If  we  cut 
off  a  further  portion  of  the  kathode-rays,  by  means  of  a  small 
movable  plate  of  mica  introduced  into  Z  at  the  mouth  of  r, 
the  space  s,  directly  impinged  vipon  by  the  rays,  of  course 
becomes  smaller.  The  further  this  decrease  proceeds  the  nar- 
rower and  sharper  does  the  shadow  of  D  become,  exactly  as 
we  should  expect  on  the  theory  of  diffuse  reflection. 

I  will  here  cite  only  one  other  consequence  of  this  theory 
which  has  been  experimentally  verified.  I  may  take  it  as 
known  that  a  pencil  of  rays  emitted  by  a  plane  kathode  after 
it  has  passed,  as  in  fig.  7,  through  the  aperture  (supposed  cir- 
cular) of  a  diaphragm  occupying  the  whole  area  of  the  tube, 
gives  on  the  flat  wall  W  a  well-defined  circular  luminous 
figure  on  a  dark  ground. 

Upon  our  assumption  of  the  diffusion  of  the  kathode-rays, 
this  ought  not  to  happen  any  more  if  the  rays  are  made  to 
pass  through  a  cylindrical  tube  open  at  both  ends  (fig.  8),  in 
place  of  the  thin  diaphragm.  For  since  the  different  rays  of  a 
plane  kathode  are  not  altogether  parallel  to  each  other,  but  also 
diverge  somewhat  around  the  central  portion  of  the  kathode, 
a  part  of  them  must  play  upon  the  wall  of  the  tube  r,  and  be 
then  diffusely  reflected.  The  portion  of  the  diffuse  rays  which 
reach  C  must  then  form  an  extended  luminous  space  round 
the  bright  surface  resulting  from  the  direct  rays.     We  find 
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this  confirmed  by  experiment  ;  and  if  we  bring  into  C  a  wire 
h  throwing  a  shadow,  we  find  that  its  shadow  is  sharp  and  nar- 
row in  the  region  ihuminated  by  the  direct  rays,  but  broader 
and  ill  defined  in  the  surrounding  region.  This  takes  place 
also  when  S  is  made  the  anode.  We  see  from  this  that  the 
dift'erence  in  breadth  of  shadow  does  not  depend  upon  a 
stronger  deflection  which  h,  apparently  neutral  but  really  act- 
ing as  a  weak  kathode,  causes  in  the  reflected  rays*.  These 
last  are  indeed  themselves  capable  of  deflection,  as  we  see  if, 
instead  of  making  8  an  anode,  we  connect  it  with  the  earth,  or 
give  to  it  a  small  portion  of  the  current  from  the  kathode. 

The  motions  of  the  shadow  of  S  under  the  influence  of  a 
magnet,  and  with  other  arrangements  the  motions  of  the  sur- 
face F  under  similar  influence,  show  that  the  reflected  rays 
are  deflected,  as  far  as  one  can  observe,  in  the  same  way  as 
the  direct  kathode-rays  would  be  if  their  course  were  the  same 
as  that  of  the  reflected  rays. 

If  /'  be  placed  equatorially  above  a  horseshoe  magnet  of 
suitable  strength,  the  direct  kathode-rays  before  reaching  C 
are  compressed  against  the  upper  or  under  wall  of  r,  and  the 
phosphorescent  surface  (0)  produced  by  the  direct  rays  disap- 
pears ;  but  the  feebly  illuminated  region  remains,  occupying 
now  the  position  of  the  surface  0  :  this  corresponds  exactly  to 
Wiedemann's  surface  F;  its  production  here  is  due  to  the  dif- 
fuse rays  which  issue  from  the  portions  of  the  straight  tube  r 
struck  by  the  magnetized  rays.  The  further  the  terminal  point 
of  the  direct  rays  is  forced  towards  C  by  the  action  of  the  mag- 
net, the  less  luminous  does  the  surface  F  become,  since  then  a 
continually  smaller  portion  of  r  is  able  to  reflect  rays. 

On  the  whole,  the  foregoing  series  of  experiments  leads  to 
the  following  restilt,  which  I  propose  to  describe  more  fully  in 
a  further  communication : — A  pencil  of  kathode-rays  does  not 
end  (at  any  rate  under  the  conditions  suitable  for  producing 
phosphorescence)  where  it  strikes  upon  a  solid  w^dl,  but  elec- 
tric rays  radiate  in  all  directions  through  the  space  occupied 
by  the  gas  from  each  point  of  the  wall  struck  by  the  direct 
rays.  These  rays  may  be  called  reflected  rays.  Any  solid 
wall,  no  matter  what  its  properties  are,  may  serve  as  reflecting 
surface.  It  is  a  matter  of  indiflerence  whether  it  is  capable 
of  becoming  phosphorescent  or  not,  whether  it  consists  of  a 
conductor  or  of  an  insulator.  The  reflection  is  diffuse,  equally 
whether  the  reflecting  surface  is  dead  or  as  smoothly  polished 
as  possible.  An  anode  apparently  reflects  the  kathode-rays, 
the  same  as  a  neutral  conducting  surface  or  an  insulator.  The 
reflected  rays,  like  the  direct  kathode-rays,  have  the  property 
*  *  A  new  Form  of  Electrical  Kepulsion,'  p.  124. 
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of  exciting  phosphorescence  at  their  ends.  They  are  capable 
of  being  deflected  ;  and  their  ends  are  bent  aside  by  a  magnet 
in  the  same  direction  as  the  ends  of  the  kathode-rays  would 
be  which  radiated  from  the  reflecting  surface  to  the  points 
reached  by  the  reflected  rays. 

LI.  On  the  Influence  of  the  Shajye  of  the  Kathode  on  the  Dis- 
tribution of  the  Phosphorescent  Light  in  Geisslers  Tubes. 
By  Dr.  E.  Goldstein*. 

[Plate  Vn.  figs.  9-35.] 

CYLINDRICAL  wires  cut  off  at  right  angles  have  been 
almost  exclusively  employed  as  kathodes  in  systematic 
investigations  on  the  discharge  of  the  induction-coil  in  rarefied 
gases,  or,  in  particular  cases,  spherical  electrodes  or  plane 
circular  disks.  Kathode-surfaces,  which  can  be  divided  into 
two  halves  of  similar  shape  by  an  infinite  number  of  cuts,  do 
not  give  rise  to  a  class  of  phenomena  which  I  have  observed 
with  kathodes  of  reo-ular  surface,  in  which  nevertheless  there 
is  no  axis  of  symmetry  corresponding  to  au  infinite  number 
of  equivalent  sections. 

We  are  concerned  with  extremely  regular  figures,  in  which 
the  phosphorescent  light  of  the  walls  illuminated  by  the 
raysfrom  those  kathodes  arranges  itself,  which,  however,  are  for 
the  most  part  altogether  unlike  the  shape  of  the  kathode  itself. 
Reserving  a  detailed  description,  I  may  here  give  the  general 
characters  of  the  most  important  types  of  these  figures  f. 

Kathodes  of  concave  spherical  form  were  first  examined 
constructed  of  thin  soft  iron,  which  was  first  of  all  stamped 
and  then  ground  into  the  desired  form. 

The  kathodes  were  soldered  at  the  middle  points  of  their 
convex  sides  to  wires  which  conveyed  the  current,  and  which 
were  insulated  b}^  being  covered  with  glass  thermometer-tubing 
between  their  junction  to  the  kathode  and  the  point  at  which 
they  entered  the  vessel. 

The  discharge- tubes  were  glass  bulbs  of  4  to  5  centim. 
radius;  the  axis  of  the  spherical  concave  mirror  which  formed 
the  kathode  was  placed  in  a  diameter  of  the  bulb.  The  dis- 
tance of  the  kathode  from  the  wall,  measured  along  this  dia- 
meter from  the  centre  of  the  mirror,  could  be  varied  ;  in  the 

*  Monatsher.  der  Konigl.  Akademie  der  Wissenschnften  zu  Berlin,  July 
1881    Translated  from  a  separate  impression  commimicated  by  tlie  Author. 

t  A  preliminary  notice  appeared  in  the  Wien.  Akad.  Anzeiyer  of  the 
13th  Jan.  1882.  The  phenomenon  of  tignre.s  in  phosphorescent  light  dis- 
similar from  the  kathode  was  described  by  me  for  the  case  of  a  kathode 
of  cylindrical  ciu-vatui-e  so  long  ago  as  1876  (  Wien.  Sitzunqsber.  Ixxiv. 
[2]  p.  465). 
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experiments  next  to  be  mentioned  it  was  made  equal  to  twice 
the  radius  of  curvature  of  the  spherical  kathode. 

If  we  now  assume,  as  for  example  Crookes  does  in  his  well- 
known  memoirs,  that  from  each  point  of  a  concave  kathode 
only  one  rectilinear  ray  radiates,  and  that  along  the  normal  to 
the  surface,  it  would  follow  that  the  phosphorescent  image  of 
a  concave  kathode  on  a  concave  spherical  wall^  at  a  distance 
of  twice  the  radius  of  curvature  of  the  kathode,  would  be  iden- 
tical in  form  and  dimensions  with  the  kathode  itself,  if  the 
radius  of  the  vessel  were  equal  to  that  of  the  kathode;  it  would 
be  coincident  in  form  and  nearly  in  dimensions  with  the  ka- 
thode itself  if,  as  in  my  experiments,  the  radius  of  the  vessel 
were  greater  than  that  of  the  kathode,  without  the  kathode 
having  any  considerable  aperture.  There  will  be  no  essential 
change  in  the  charactej-  of  the  phenomena  to  be  expected,  if 
we  also  take  into  account  the  feebler  phosphorescence  caused 
by  the  rays  *  emitted  by  the  elements  of  the  kathode  on  its 
edge  in  variously  oblique  directions  up  to  the  tangential  di- 
rection.    But  experiments  show  very  different  phenomena. 

1.  Fig.  9  a  represents  a  square  of  the  actual  size,  ground  into 
a  spherical  surface  of  40  millim.  diameter;  and  fig.  9^  repre- 
sents the  phosphorescent  image,  also  of  the  actual  size,  formed 
by  this  kathode  in  a  highly  exhausted  glass  vessel  of  8  centim. 
diameter  ;  we  remark  a  star  of  light  with  four  rays,  the  axes  of 
the  rays  being  at  right  angles  to  the  sides  of  the  square  ka- 
thode. In  the  figure  representing  the  luminous  star,  the  edge 
of  the  kathode  is  marked  by  black  dots  in  order  to  indicate  the 
relative  positions  of  kathode  and  image.  At  extreme  exhaus- 
tions there  appear,  less  distinctly  marked,  four  much  shorter 
rays  coming  from  the  centre  of  the  image  and  corresponding 
to  the  directions  of  the  diagonals  of  the  kathodef. 

An  equilateral  triangle  having  the  same  curvature  (fig.  10) 
produced  a  star  with  three  rays,  whose  axes  were  at  right 
angles  to  the  sides  of  the  triangle.  So  also  polygons  of  5,  6, 
7,  and  8  sides  gave  stars,  with  a  corresponding  number  of 
rays,  whose  axes  appeared  to  bisect  the  sides  of  the  polygon 
at  right  angles. 

The  position  of  these  figures  with  reference  to  the  kathode 

*  lEine  nette  Form  electrischer  Abstossung,  i.  p.  11. 

t  In  the  accompanying  figures  of  portioDS  of  the  surface  of  a  sphere, 
the  arcs  of  great  circles  between  the  centre  of  the  light-figure  and  the 
separate  points  forming  the  bounding  surface  of  the  figures  are  approxi- 
mately represented  by  the  chords  of  these  arcs,  or  in  the  smaller  figures 
by  the  corresponding  aliquot  parts  of  these  chords.  This  con-esponds 
with  the  method  of  measurement  employed,  in  which  distances  ou  the 
spherical  surface  were  determined  by  the  direct  distance  between  the 
points  of  a  pair  of  compasses  applied  to  the  am-face. 
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is  worthy  of  remark,  as  throwing  light  upon  their  mode  of 
production.  If  we  cover  up  the  upper  portion  of  a  polygonal 
kathode  by  a  screen  placed  between  the  kathode  and  the 
centre  of  curvature,  then  the  upper  arms  of  the  star  are  w^ant- 
ing  in  the  image.  The  arms  are  therefore  not  produced,  as  we 
might  have  expected,  by  the  radiation  from  the  portions  of 
the  kathode  diametrically  opposite. 

A  four-armed  cross,  fig.  11a  (actual  size),  forming  a  portion 
of  a  sphere  of  40  millim.  diameter,  gives  fig.  11  6  on  the  wall 
of  a  vessel  8  centim.  in  diameter,  in  which  again  the  position 
of  the  kathode  is  marked  b^r  dots.  The  metallic  arms  of 
the  kathode  thus  correspond  to  the  dark  arms  of  the  cross 
in  the  phosphorescent  figure,  and  the  light  is  concentrated 
in  fields  corresponding  to  the  intermediate  spaces  in  the 
kathode. 

If,  again,  the  kathode  has  three  arms,  with  angles  of  120° 
between  the  arms,  we  obtain  a  figure  with  three  dark  arms. 
These  again  fall  upon  the  metallic  arms,  and  the  bright  fields 
upon  the  intermediate  spaces  between  the  metal  arms  *. 

The  dark  arms  of  the  image,  however,  are  much  narrower 
with  the  four- rayed  figure  than  with  the  three-rayed  one,  if 
the  arms  of  the  kathode  are  of  equal  width  and  equal  length 
in  the  two  cases. 

We  obtain  analogous  figures  when  the  kathode  has  five  or  six 
(uniformly  distributed)  arms,  except  that  as  the  number  of 
arms  increases  the  dark  fields  which  correspond  to  the  metallic 
arms  become  narrower,  not  only  absolutely  but  also  relatively 
— that  is,  in  proportion  to  the  width  of  the  bright  intermediate 
fields. 

These  two  typical  forms — the  polygon,  and  the  star  consisting 
of  rectangles — may  suffice  as  a  preliminary  indication  of  the 
forms  of  the  images  which  appear  when  the  exhaustion  is 
sufficient. 

2.  The  images  formed  by  kathodes  of  this  sort  alter  very 
much  when  the  density  of  the  gas  is  altered. 

The  image-forms  described  above  are  obtained  with  den- 
sities of  gas  about  j^q  millim.  mercury.  We  can,  however, 
trace  the  phosphorescence  at  pressures  only  slightly  less  than 
1  millim.,  or  even  over  this  pressure,  by  including  in  the  dis- 
charge at  the  same  time  sparks  in  free  air.  We  obtain  then, 
for  example,  for  the  four-armed  cross-shaped  kathode,  fig.  11a 
(radius  of  curvature  20  millim.),  the  images  12  a  to  12  e  in 

*  I  have  made  repeated  attempts  to  obtain  a  result  described  in  Carl's 
Hepert.  1880,  p.  244,  where  a  sort  of  three-rayed  star  gave  simply  an  erect 
image  of  the  kathode,  but  never  with  success. 
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succession,  to  which  succeeds  the  image  represented  in  fig. 
116  when  the  exhaustion  becomes  sufficient. 

We  obtain  then  at  first  an  image  of  the  kathode  itself — a 
cross  having  nearly  the  dimensions  of  the  cylindrical  projec- 
tion of  the  kathode  upon  the  wall.  The  arms  of  the  cross  in 
the  image  grow  smaller  and  become  the  central  lines  of  a 
well-defined  square,  that  appears  as  a  luminous  background 
round  the  cross.  As  the  density  decreases,  the  square  be- 
comes smaller  and  its  luminosity  increases.  Its  sides  lengthen 
beyond  the  angular  points,  and  form  points  resting  on  the 
sides  of  the  square.  The  central  cross  disappears  ;  only  the 
intersection  of  its  arms  remains  as  the  bright  centre  point  of 
the  whole  figure. 

The  square  now  becomes  smaller;  and  the  points  superposed 
on  the  sides  become  narrower  in  the  same  proportion.  This 
takes  place  in  consequence  of  the  concave  sides  of  the  contour- 
lines  approaching  each  other,  and  passing  over  each  other, 
12  cZ  and  12  e.  As  this  displacement  continues  in  the  same 
direction  while  the  density  of  gas  decreases,  the  pair  of  arcs 
which  previously  intersected  finally  pass  apart,  and  leave  a 
dark  space  between  their  convex  sides  :  thus  finally,  at 
great  exhaustion,  the  dark  cross  already  figured  in  fig.  11  6 
results. 

The  series  of  changes  thus  described  is  typical  also  for  the 
successive  images  given  by  crosses  or  stars  with  other  numbers 
of  arms. 

We  obtain  in  each  case  at  first  an  image  closely  resembling 
the  kathode,  and  of  nearly  the  same  dimensions.  Observation 
with  three-  and  four-rayed  stars  (fig.  13  and  fig.  14),  shows — 
what  was  not  evident  with  the  four-rayed  star,  nor  generally 
with  regular  figures  with  an  even  number  of  arms — that  these 
figures  are  reversed  images  of  the  kathode,  formed  by  the  rays 
from  the  kathode  crossing  each  other.  Next,  the  background 
round  these  figures  becomes  brighter,  bounded  by  as  many 
sides  as  the  kathode-star  has  rays.  The  rays  of  the  star- 
figure  form  the  smaller  radii  of  the  polygon  so  formed.  As 
the  exhaustion  of  the  gas  continues,  this  polygonal  figure 
decreases,  its  surface  becoming  brighter;  and  the  inserted  star 
disappears,  its  bright  centre  point  remaining  visible  the 
longest.  On  each  side  of  the  polygon  appears  a  point  similai- 
to  those  in  fig.  12  cl.  The  concave  sides  of  the  bounding 
arcs  approach  each  other  more  the  further  the  exhaustion 
proceeds  ;  and  at  last,  as  the  result  of  displacements  exactly 
similar  to  those  of  figs.  12/  and  12  g,  there  appear  dark  rays 
between  bright  fields,  which  again  correspond  to  the  metallic 
arms  of  the  kathode. 
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The  type  of  successive  changes  in  decreasing  density  of  gas 
with  polygonal  kathodes  may  be  illustrated  by  the  series  of 
images  gi^-en  by  a  concave  spherical  square  (fig.  15).     Figs. 
c  and  d,  for  the  sake  of  greater  distinctness,  are  represented 
on  a  scale  somewhat  larger.    If  the  kathode-polygon  possesses 
an  odd  number  of  sides,  then  the  luminous  polygonal  images 
corresponding  to  figures  15  h-d  are  reversed  with  reference  to 
the  polygonal  kathodes,  corresponding  with  the  observation 
made  with  star-shaped  kathodes  with  an  odd  number  of  rays. 
li   is  these  luminous  figures  so  far  described  and  figured 
which  first  strike  the  observer,  in  the  phosphorescent  images 
of  the  corresponding  kathodes  ;  upon  closer  observation  we  see 
that  the  other  surfaces  of  the  glass  vessel  are  also  not  devoid 
of  luminosity,  but  show  phosphorescent  surfaces  of   feeble 
luminosity  at  different  points.     The  boundaries  of  these  sur- 
faces, in  the  case  of  star-shaped  kathodes,  are  prolongations  of 
the  luminous    curves  which  bound   the  chief  figures ;   with 
polygonal    kathodes    they   are   extensions    of  the    star-rays 
observed  in  the  luminous  figure.     Partly  because,  from  what 
has  been  said,  a  sufficient  preliminary  account  of  the  way  in 
which  these  less-luminous  portions  complete  the  figures  already 
figured  and  described  is  now  possible  to  the  reader,  and  partly 
to   economize    space,    I  abstain  from   further  description  of 
these  outlying  portions  until  the  separate  observations  have 
been  completely  described.     The  image  obtained  in  a  spherical 
vessel  of  about  9  centim.  diameter,  employing  as  kathode  the 
cross  figured  in  fig.  11  rt,  may  serve  as  a  good  example  :  it  is 
represented  in  figs.  16  a  and  16  c,  in  the  pointed  phase  and  in 
the  dark-cross  phase. 

3.  Besides  the  forms  obtained  by  simple  variation  of  the 
number  of  sides  and  arms  of  polygons  and  stars  composed  of 
rectangles,  I  have  further  examined  the  images  given  by 
numerous  other  forms  of  kathode — some  simpler,  some  moi'e 
complex — in  order  to  separate  as  far  as  possible  that  which  is 
general  from  that  which  is  special.  Thus,  for  example,  of 
simpler  forms  were  examined : — rectangle,  rhombus,  rhomboid, 
isosceles  right-angled  triangle,  &c.  of  compound  forms;  crosses 
composed  of  obliquely  compounded  rectangles,  and  crosses 
formed  of  isosceles  triangles  (the  latter  either  with  the 
vertices  or  with  the  bases  outwards) ;  further,  figures  such  as 
are  obtained  by  cutting  out  of  squares  segments  of  circles  or 
smaller  squares  at  the  four  sides. 

So  far  as  the  effect  of  the  form  of  the  kathode,  and  of  the 
variation  in  density  of  gas,  manifests  itself  with  these  images, 
I  must  defer  a  description  of  the  phenomena  observed  until 
I  give  a  more  complete   explanation  of  the  whole.      The 
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following  general  rules  (4-7),  however,  hold  good  for  all  the 
kathode-forms  mentioned. 

4.  At  constant  density  of  gas,  the  forms  of  the  phospho- 
rescent images  (not  only  their  absolute  dimensions)  alter  when 
the  distance  of  the  kathode  from  the  wall  of  the  vessel  is 
made  to  change;  as  the  distance  of  the  wall  decreases,  the  same 
figures  appear,  in  the  same  order,  as  when  the  distance  of  the 
wall  remains  constant  and  the  density  of  gas  decreases. 

Instead  of  altering  the  distance  of  the  wall  by  displacing 
the  kathode,  we  may,  as  in  the  vessel  represented  in  fig.  17, 
displace  the  wall  which  receives  the  rays  with  reference  to  the 
kathode. 

If  we  experiment  with  varying  distance  of  wall,  and  also 
with  varying  density  of  gas  at  the  same  time,  then,  in  order  to 
pass  from  one  given  figure  to  another  of  the  same  series,  the 
wall  must  be  displaced  through  a  greater  distance  the  smaller 
the  density  of  gas  is. 

This  shows  that  all  the  figures  which  a  kathode  can  call 
forth  upon  a  fixed  wall  as  the  density  of  gas  decreases,  do  at 
any  fixed  density  of  gas  already  exist  in  space  one  behind 
the  other  at  the  same  time,  and  that  the  different  figures  are 
produced  by  the  rays  intersecting  each  other  in  various  ways 
at  different  points  of  space.  As  the  density  of  gas  decreases, 
the  images  move  further  apart  and  further  away  from  the 
kathode,  no  doubt  because  the  rays  which  first  converge 
become  less  convergent,  and  then,  when  after  intersection 
they  diverge,  their  divergence  is  decreased. 

The  influence  of  the  distance  of  wall  thus  described  would 
lead  us  to  expect  that  the  series  of  images  given  in  figs.  12  and 
15  as  examples  obtained  with  a  kathode  at  a  distance  equal  to 
twice  the  radius  of  curvature,  would  not  include  all  the  forms 
which  the  particular  kathode  is  capable  of  producing,  but  that 
a  diminution  of  the  distance  of  the  wall  at  the  highest  obtain- 
able exhaustion  would  in  general  give  other  figures  besides 
these.  This  conclusion  is  found  to  be  confirmed  by  ex- 
perience, although  the  forms  thus  obtained  are  not  for  the 
most  part  so  striking  as  those  previously  described.  It  may, 
however,  be  mentioned  at  this  stage  as  worthy  of  consideration 
further  on,  that  upon  diminishing  the  distance  of  the  wall  the 
dark  arms  of  the  cross  in  fig.  11 6*  increase  considerably  in 
width. 

5.  If  we  take  similar  plane  figures,  and  then  bend  them  into 
portions  of  spheres  of  different  radii,  pi,  p^,  pz,  and  place 
them  as  kathodes  in  similar  vessels  with  equal  distance  of 
wall,  then  at  equal  density  their  images  represent  different 
phases  oi  the  series  of  figures  obtained  from  a  single  such 


Shape  of  the  Kathode  in  Geisder's  Tubes.  461 

kathode  with  varying  distance  of  wall ;  and  the  figure  pro- 
duced by  a  particular  kathode  k  corresponds  to  a  greater  dis- 
tance of  wall  from  the  kathode  used  to  compare  with,  the 
greater  the  curvature  of  the  kathode  k  is. 

This  result  might  indeed  have  been  regarded  as  a  priori 
probable.  We  might  indeed  expect  to  obtain  sinmltaneously 
like  figures  from  different  kathodes  (similar  in  their  original 
plane  condition)  by  making  the  distance  of  tbe  wall  equal  to 
np,  npi,  np2,  &c.  for  different  radii  of  curvature  p,  pi,  p^,  &c. 
— that  is,  the  distance  of  the  wall  in  each  case  the  same  mul- 
tiple or  submultiple  of  the  radius  of  curvature — as,  for  example, 
by  placing  each  kathode  at  a  distance  from  the  wall  equal  to 
twice  its  radius  of  curvature. 

But  experiment  shows  also  that  in  this  case  the  phases  are 
different;  and  the  increased  curvature  acts  in  the  same  way 
as,  cceteris  paribus,  the  increase  of  the  distance  of  the  wall  or 
an  increase  of  the  density  of  gas.  This  influence  goes  so  far 
that,  with  kathodes  which  are  much  curved,  it  has  not  been 
found  possible  by  exhausting  the  gas  to  produce  those  forms 
of  the  series  of  figures  which,  with  electrodes  of  less  curvature, 
correspond  to  the  lowest  degrees  of  the  scale  of  density.  Thus, 
for  example,  with  the  four-armed  cross  fig.  11a,  of  a  radius 
of  curvature  of  12^  millim.  instead  of  20  millim.,  and  with  a 
distance  of  wall  2/o,  we  find  it  impossible  by  exhausting  to 
reach  the  phase  of  the  dark  cross  fig.  l\b.  The  figure 
obtained  immediately  before  the  cessation  of  the  current  at 
the  greatest  exhaustion  is  the  figure  with  curved  points, 
fig.  12  c. 

6.  If  we  leave  the  general  form  of  the  kathode  and  its  cur- 
vature unaltered,  but  increase  the  aperture  of  the  kathode, 
this  increase  acts  also  as  an  increase  of  the  distance  of  the  wall 
would  do.  • 

If,  for  example,  we  replace  a  square  of  12  millim.  in  the 
side  which  has  been  bent  to  form  a  spherical  surface  of  40  mil- 
lim. diameter  by  a  square  of  similar  curvature,  but  with  sides 
30  millim.  long,  then  at  the  extreme  exhaustion  we  do  not 
advance  further  than  fig.  15  f?,  whilst  the  small  square  gives 
us  figures  up  to  15^. 

We  obtain  similar  results  with  the  more  complicated  forms 
of  kathodes — for  example,  the  four-armed  cross  made  up  of 
rectangles,  fig.  11a.  If  the  length  of  the  cross  be  increased 
from  20  to  25  millim.  without  altering  the  ^vidth  of  the  arms, 
then  at  the  greatest  exhaustion  at  which  the  current  will  pass, 
the  dark  cross  is  just  visible  ;  but  it  cannot  be  obtained  with 
arms  of  any  considerable  breadth. 

If  the  cross  is  increased  to  40  millim.  the  dark  cross  is  no 
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longer  to  be  obtained,  and  fig.  12o  is  the  last  obtained  at 
extreme  exhaustion. 

The  results  are  qualitatively  identical  if  we  increase  the 
breadth  of  the  arms  in  the  same  proportion*. 

7.  The  experiments  mentioned  in  No.  5  show  that  the  phase 
alters  when  plane  kathodes  of  similar  shape  are  bent  into 
spherical  surfaces  of  different  curvature.  Since  the  same 
figure,  formed  to  different  spheres,  will  form  a  mirror  of 
greater  aperture  the  smaller  the  radius  of  the  sphere  is,  the 
result  described  in  No.  5  as  to  the  influence  of  increased 
curvature  might  possibly  seem  to  be  only  another  state- 
ment of  the  influence  mentioned  in  No.  6  of  increased  aper- 
ture. In  that  case  we  should  expect  that  kathodes  of  like  form 
and  different  curvature  but  like  aperture,  at  distances  forming 
the  same  multiples  of  their  radii  of  curvature,  ^vould  give  like 
figures  at  like  densities  of  gas. 

To  test  this  I  constructed  a  series  of  kathodes  (e.  g.  three 
four-armed  crosses,  I.,  II.,  III.),  whose  dimensions  were  as 
follows : — 

Radius  of  r        .i  Breadth 

cui'vatiu'e  (p).  ^  or  arms, 

millim.  millim.  millirn. 

1 121  i2i                 2i 

II 20  20                  4 

III 26|  26|                5^ 

The  kathodes  thus  all  covered  equal  aliquot  parts  of  the 
spheres  from  which  they  were  formed.  They  were  placed  at 
a  distance  2p  from  the  spherical  wall  of  the  similar  containing 
vessels — that  is,  25  millim.,  40  millim,,  and  53|  millim.  re- 
spectively. 

Here  also  the  result  was  obtained  that  there  is  no  identity 
of  phase  for  equal  density,  but  the  figures  given  by  kathodes 
II.  and  III.  corresponded  to  the  figures  w^hich  kathode  I. 
would  have  given  if  the  distance  of  the  wall  had  been  increased. 
This  occurred  indifferently,  whether  the  two  electrodes  of  each 
of  the  three  discharge-vessels  were  separately  connected  with 
the  poles  of  the  induction-coil,  or  whether,  in  order  to  secure 
equal  intensity  of  discharge,  the  current  was  sent  at  the  same 
time  through  the  three  vessels,  connected  together  in  line. 

*  The  changes  in  curvature  and  aperture  of  kathode  described  in  the 
two  preceding  paragraphs  cannot,  in  one  respect,  be  always  compensated 
by  changes  in  density  of  gas  or  in  distance  of  wall :  the  last  term  of  the 
series  of  figures  (corresponding  to  fig.  15y)  for  a  polygonal  kathode  shows 
with  kathodes  of  greater  curvature  or  larger  aperture  richer  differentia- 
tion and  finer  detail.  The  rougher  figure  cannot  be  reproduced  with  these 
kathodes. 
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8.  The  phosphorescent  figures  which  appear  when  spherical 
electrodes  are  employed,  as  might  have  been  expected,  become 
replaced  by  others  when  the  originally  plane  kathodes  are 
formed,  not  into  spherical  surfaces,  but  into  cylindrical  or 
conical  surfaces.  I  ^vill  content  myself  in  this  cursory  report 
with  mentioning  that,  with  cylindrical  kathodes,  the  phospho- 
rescent images  are  different  according  to  the  position  which 
the  axis  of  the  cylinder  has  with  reference  to  the  axis  of  sym- 
metry of  the  kathodes.  Thus,  for  example,  with  a  square 
kathode  formed  to  a  cylindrical  surface  we  obtain  different 
figures  according  as  the  axis  of  the  cylinder  is  parallel  to  a 
side  of  the  square  or  to  one  of  its  diagonals.  Tn  the  same  way 
there  are  marked  differences  in  the  images  of  cross-figures 
according  as  the  axis  of  the  cylinder  is  parallel  to  one  of  the 
arms  of  the  cross,  or  bisects  the  angle  between  the  arms. 

9.  With  reference  to  the  explanation  of  the  phenomena  so 
far  described,  it  is  only  wise  to  maintain  a  certain  reserve 
towards  a  class  of  phenomena  as  yet  very  imperfectly  known. 
A  doubt  as  to  the  success  of  the  attempt  to  bring  a  large 
portion  of  these  phenomena  into  any  simple  relationship  with 
known  causes,  could  only  be  supported  by  the  observations 
described  in  No.  10,  on  the  images  given  by  plane  kathodes. 
All  that  I  hope  to  do  is  to  give  some  indications,  derived  from 
experiment,  on  the  direction  in  which  the  explanation  of  many 
of  the  phenomena  observed  mth  star-shaped  kathodes  is  to  be 
sought.  As  to  the  explanation  of  m&si  of  the  phenomena 
given  by  the  above-mentioned  polygonal  kathodes,  I  do  not 
here  venture  upon  any  hypothesis.  The  star-shaped  kathodes 
are  of  course  also  polygons  with  reentrant  angles;  and  their 
separation  from  the  polygonal  surfaces  appears  unnatural  at 
first  sight.  Nevertheless  the  phenomena  which  we  have  to  ex^ 
plain  with  star-shaped  kathodes  are  for  the  most  part  just  those 
which  are  closely  connected  wiih  the  presence  of  reentrant 
angles,  and  which  may  be  approximately  explained  by  taking 
into  account  only  the  edges  of  the  kathode.  The  phenomena 
due  to  the  surfaces  themselves,  in  those  forms  of  kathode 
where  the  surface  of  the  kathode  is  relatively  unimportant 
as  compared  with  the  extent  of  its  bounding  edge,  are  insig- 
nificant in  comparison  with  the  phenomena  due  to  the  curves 
of  its  circumference  ;  and  the  former  remain  unexplained  here 
just  as  -with  the  polygons  with  convex  angles,  where  the  phe- 
nomena of  the  surface  constitute  the  chief  part  of  the  pheno- 
mena observed.  Only  the  surface-phenomena  produced  at 
small  exhaustions  can  be  approximately  accounted  for  with 
both  kinds  of  polygons  That  the  images  of  a  star-shaped 
kathode  which  appear  at  relatively  small  exhaustions  result 
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from  the  intersection  of  the  rays  emitted  by  one  half  of  the 
cross  with  those  from  the  other  half,  was  shown  to  be  probable 
by  the  experiments  already  described  with  stars  of  an  uneven 
number  of  arms.  This  may,  however,  be  better  shown  by 
experiments  with  screens  arranged  to  throw  shadows,  which 
also  prove  the  same  thing  for  kathodes  with  an  even  number 
of  arms. 

If  we  arrange  (fig.  18  a)  a  screen  of  paper  or  of  mica  in  front 
of  the  kathode,  and  at  a  distance  from  its  centre  less  than  the 
radius  of  curvature,  so  that,  for  example,  the  lower  half  of  the 
kathode-cross  is  covered,  then  in  the  phosphorescent  image  it 
is  the  upper  half  of  the  cross  which  is  wanting  (fig.  ISh). 

Since  at  a  certain  density  these  images  formed  on  the  wall 
at  the  distance  2  p  from  the  kathode  possess  nearly  the  same 
dimensions  as  the  kathode  itself,  it  follows  that  the  rays  which 
produce  the  images,  at  least  for  the  most  part,  are  under  these 
circumstances  at  right  angles  to  the  surface  from  which  they 
are  emitted,  assuming,  of  course,  that  their  course  till  they 
strike  upon  the  walls  of  the  tube  is  rectilinear. 

(Exactly  similar  experiments  show  that  the  images  of  ordi- 
nary polygonal  kathodes  observed  at  small  pressures  are 
formed  by  the  intersection  of  the  rays  which  issue  from  points 
situated  symmetrically  with  reference  to  the  centre  of  the 
kathode.) 

As  with  the  figure  of  the  kathode-cross,  so  also  in  the  con- 
tour of  the  square  (fig.  12  h)  which  appears  surrounding  the 
figure  of  the  cross  as  the  density  decreases,  each  side  is  formed 
by  rays  which  come  from  the  opposite  side  of  the  kathode. 

'  We  may  obtain  a  more  satisfactory  explanation  of  the  figures 
of  kathode-crosses  which  appear  at  small  densities ;  we  only 
need  to  place  a  screen  P(fig.  li'  o)  between  two  of  the  arms 
of  a  cross,  so  that  it  projects  beyond  the  kathode  on  the  con- 
ca\e  side.  The  screen  may  be  rectangular,  and  the  edge 
which  faces  towards  the  image  may  be  called  its  front  edge. 
I  anticipated,  and  the  anticipation  was  verified  by  experiment, 
that  the  figures  which  correspond  to  the  higher  degrees  of 
exhaustion  are  formed  by  the  rays  emitted  by  one  arm  of  the 
kathode  suffering  a  repulsion  by  the  neighbouring  arm,  of  the 
same  or  a  similar  kind  to  that  described  in  my  work  on  ka- 
thodic  deflection.  This  deflection  cannot  take  place  through  a 
solid  plate. 

If  now,  at  high  exhaustion,  we  obtain  repeatedly  the  figure 
with  the  dark  cross  so  often  mentioned,  then,  when  the  jdate 
is  introduced,  we  obtain  the  figure  11' Z>;  or,  if  the  plate 
does  not  project  so  far  beyond  the  kathode,  Ave  obtain  19  c. 

We  have  therefore,  in  the  first  case,  only  the  left  bounding 
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arc  of  the  upper  arm  of  the  cross,  and  only  the  lower  bound- 
ing arc  of  the  right-hand  arm:  the  two  dark  arms  themselves 
cannot  be  perceived;  but  the  space  between  the  bounding  arcs 
mentioned  is  uniformly  illuminated. 

The  two  bounding  arcs,  which  are  now  absent,  result  there- 
fore from  an  action  between  the  upper  and  right-hand  arms, 
prevented  or  hindered  by  the  presence  of  the  screen. 

If  the  plate  is  withdrawn  a  little,  then,  as  already  men- 
tioned, the  figure  19  c  is  seen. 

The  dark  arms  which  were  wanting  in  the  first  image  are  here 
seen  as  very  narrow  strips,  and  the  corresponding  two  bound- 
ary curves  are  of  feeble  luminosity.  The  more  the  screen  is 
withdrawn  towards  the  kathode  the  broader  do  the  two  dark  arms 
become,  and  the  more  closely  does  the  luminosity  of  the  two 
curves  approach  to  the  normal  luminosity.  The  mutual  action 
between  each  two  neighbouring  arms,  to  which  the  production 
of  the  dark  cross  is  due,  may  be  supposed  to  take  place  in 
three  different  ways  : — either  (1)  as  an  immediate  action  of 
each  of  the  arms  of  the  kathode  upon  the  other,  which  thus  in- 
directly produces  an  effect  upon  the  course  of  the  electric  rays; 
or  (2)  as  an  action  of  each  arm  upon  the  system  of  electric 
rays  emitted  by  the  other;  or  (3)  as  a  mutual  action  of  the 
two  systems  of  rays. 

Any  further  discussion  of  the  utility  of  the  three  hypotheses 
at  present  would  lead  us  too  far  away.  I  will  content  myself 
with  remarking  that  the  assumption  (1),  so  far  as  I  see,  is 
opposed  to  the  details  of  the  phenomena  of  kathodic  deflection; 
but  it  is  not  possible  to  decide  certainly  between  (2)  and  (3). 

Taking  account,  however,  of  the  fact  that  the  third  assump- 
tion involvies  certain  accessory  assumptions  which  have  not 
yet  been  verified  by  experiment,  I  shall  employ  the  language 
of  the  second  hypothesis  in  seeking  for  further  explanation; 
which  hypothesis,  moreover,  I  have  employed  throughout  in 
my  research  on  kathodic  deflection,  in  describing  the  phe- 
nomena observed. 

If  now  (fig.  20)  rays  issue  from  the  edge  a  of  the  rioht- 
hand  arm  (1)  towards  b,  then,  according  to  the  laws  of  ka- 
thodic deflection,  these  rays  will  be  repelled  by  the  edge  b  and 
the  whole  surface  of  (2) .  The  same  holds  good  for  the  rays 
emitted  by  the  left  arm  at  c.  Let  fig.  21  be  a  rough  repre- 
sentation of  the  kathode,  turned  through  90°  from  its  position 
in  fig.  20,  the  upper  half  having  moved  forwards;  and  let 
/  and  r  represent  the  upper  edges  of  the  left  and  right  arms 
respectively,  and  o  the  (fore-shortened)  upper  arm.  The 
repulsion  which  o  exerts  upon  the  systems  of  rays  emitted  by 
r  and  I  will  cause  the  mutual  convergence  of  these  two  last 
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to  decrease,  but  so  that  the  two  systems  of  rays  still  intersect 
each  other  (at  x,  in  fig.  22). 

If  now  a  plate  capable  of  phosphorescing  move  at  right 
angles  to  the  plane  of  the  drawing  in  the  space  free  from  rays 
between  the  points  of  intersection  w  and  o,  a  dark  space  will 
be  seen  on  it,  bounded  by  its  luminous  intersection  with  the 
repelled  systems  of  rays;  thus  the  upper  arm  of  the  dark  cross 
is  bounded  by  its  two  luminous  curves.  As  the  density  of 
the  gas  decreases,  the  repulsion  increases;  the  convergence 
of  the  two  pencils  of  rays  will  therefore  be  still  further  di- 
minished; the  point  of  intersection,  x,  moves  further  away 
from  the  kathode;  and  the  plate  may  now  be  further  off  from 
the  kathode  and  still  show  the  dark  cross.  As  we  saw  already, 
in  examining  deflection,  the  rays  further  off  from  the  repelling 
surface  are  carried  with  those  which  are  nearer  to  it,  but  are 
not  deflected  through  so  great  an  angle;  the  deflected  rays  are 
therefore  compressed  together  on  the  side  turned  towards  the 
repelling  surfaces;  hence  the  greater  brilliancy  of  the  narrow 
contour-line  immediately  bounding  the  dark  arms. 

If  the  phosphorescent  plate  moves  away  from  o  beyond  x, 
the  dark  cross  on  it  must  of  course  disappear,  since  the  plate 
comes  into  a  space  occupied  by  rays.  We  must  therefore 
have  a  bright  field  on  the  plate  opposite  o,  the  outer  contour 
of  which  is  again  formed  by  the  intersection  of  the  plate  with 
bounding  surface  of  the  deflected  system  of  rays. 

If  we  take  account  of  the  fact  that,  according  to  the  form  of 
the  dark  cross,  the  curved  surfaces  of  these  systems  of  rays 
have  their  convex  sides  turned  towards  each  other  before  the 
intersection,  we  see  that  beyond  x  they  will  have  their  concave 
sides  towards  each  other,  and  will  thus  form  the  "  curved 
points,"  which  observation  shows  to  exist. 

Consequently  the  upper  "  curved  point  "  (fig.  23)  is  not 
formed,  as  we  should  have  expected  at  first,  by  rays  from  the 
upper  arm  of  the  kathode,  but  it  is  formed  by  rays  from  the 
two  horizontal  arms  of  the  kathode — the  left-hand  half,  and  in 
particular  the  contour-line  /,  being  formed  by  rays  from  the 
right-hand  arm  R,  and  the  right-hand  half  by  rays  from  the 
arm  L. 

If  this  is  the  right  way  of  regarding  the  curved  points, 
we  ought  to  find  it  confirmed  by  experiments  in  which 
shadows  are  thrown.     This  is,  in  fact,  the  case. 

If  we  put  a  plate  as  a  screen  close  in  front  of  the  kathode, 
so  that,  as  in  fig.  24  a,  it  covers  one  half  of  the  kathode  ob- 
liquely, then  at  the  density  at  which  the  curved  points  appear 
we  observe  the  phosphorescent  figure  24:  b.  The  bounding 
curves  shown  in  dotted  lines  are  now  wanting.     The  phe- 
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nomenon  thus  agrees  most  exactly  with  the  explanation  given 
above. 

If  we  exhaust  up  to  the  density  which  corresponds  to  the 
figure  with  a  dark  cross  for  the  uncovered  kathode,  we  obtain 
the  figure  25.  By  comparison  with  fig.  24  6,  we  see  here 
also  very  plainly  that  the  bounding  curves  of  the  dark  cross, 
with  their  convex  sides  turned  towards  each  other,  are  nothing 
else  than  the  bounding  lines  of  a  "  curved  point  "  with  con- 
cave sides  turned  towards  each  other,  which  have  become 
displaced  across  each  other. 

10.  The  most  remarkable  phenomena  of  the  kind  we  are 
now  considering,  however,  are  undoubtedly  those  produced  by 
plane  kathodes. 

That  plane  kathodes  cut  into  figures  would  present  pheno- 
mena similar  to  those  of  the  dark  cross  was  probable,  since 
rays  emitted  by  one  edge  of  an  arm  of  the  figure  would  be 
repelled  by  the  other  edge.  Thus,  in  fact,  a  four-armed  plane 
(fig.  26  a)  gives  a  figure  resembling  fig.  26  h,  with  a  distance 
of  wall  from  3  to  4  centim. 

Tlie  figures  1'2  c,  12  d,  &c.,  observed  with  the  curved  cross- 
shaped  kathode,  do  not  appear  with  the  plane  kathode,  but  as 
the  density  decreases  the  first  figure  recognizable  is  the  dark 
cross;  if  the  density  is  still  further  diminished  the  arms  in- 
crease in  width,  and  show  in  the  part  nearest  the  centre  a 
nebulous  luminosity,  with  convex  contour  line  (fig.  27). 

If  the  distance  of  the  wall  be  made  less  than  3-4  centim.,  this 
nebulous  portion  increases  in  brightness,  and  contracts,  be- 
coming better  defined;  and  with  a  distance  of  wall  of  about 
1^  millim.  we  obtain  the  figure  represented  in  fig.  28.  In  each 
of  the  four  arms,  which  would  otherwise  be  dark,  there  appears 
a  beautifully  forked  line  of  light,  the  space  between  the  forks 
being  filled  with  uniform  light  with  convex  contour,  while 
each  fork  is  connected  with  the  others  by  a  slightly  luminous 
arc  of  light. 

In  using  a  concave  spherical  cross  of  the  same  dimensions 
as  kathode,  the  radius  of  curvature  being,  however,  greater 
than  25  millim.,  we  observe  in  the  arms  of  the  dark  cross,  so 
often  mentioned,  which  appears  at  low  pressures,  this  same 
luminous  fork.  We  have  therefore^  as  was  to  be  expected,  a 
gradual  passage  from  the  forms  given  by  the  curved  kathodes 
to  those  of  the  plane  kathodes,  the  figures  given  by  the  plane 
kathodes  regulating  those  of  the  spherical  kathodes.  Inas- 
much as  no  explanation  of  the  images  produced  by  the  former 
is  possible,  so  for  the  present  no  explanation  is  to  be  given  for 
a  number  of  phenomena  obtained  with  the  curved  surfaces. 
The  dark  cross  produced  by  the  plane  cross-shaped  kathode 
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we  might  foresee  ;  but  it  is  not  possible  to  predict,  a  priori, 
the  phenomena  produced  by  plane  kathodes,  not  cut  out, 
nor  having  concave  edges,  and  these  constitute  an  entirely 
new  class  of  phenomena.  I  make  here  the  general  remark 
that,  while  it  is  true  that  the  images  given  by  plane  kathodes 
alter  somewhat  with  decreasing  density,  they  do  so  much  less 
than  the  figures  obtained  with  curved  kathodes,  and  often 
the  changes  consist  only  in  the  acquisition  of  richer  detail 
and  more  definite  contour,  or  perhaps  somewhat  larger  dimen- 
sions. If  these  images  are  produced  by  kathodes  of  relatively 
small  surfaces  (1  to  1^  square  centimetre),  the  kathodes 
must  be  placed  tolerably  near  to  the  wall  of  the  vessel.  The 
larger  the  surface  of  the  kathode  is,  the  greater  the  distance 
of  wall  at  which  it  first  appears.  If  with  a  given  kathode  we 
go  further  off  than  a  certain  distance,  we  obtain  a  uniform  y 
illuminated  phosphorescent  surface,  whose  luminosity  slowly 
and  gradually  decreases  from  the  centi-e  outwards. 

If  a  plane  square  be  employed  as  kathode,  we  obtain  fig.  29 
on  the  wall  of  the  spherical  discharge-tube  of  9  centim.  diameter. 
The  relative  size  and  position  of  the  kathode  (2|  centim.  distant 
from  the  wall)  is  marked  by  the  dotted  lines.  We  obtain 
therefore  a  star  of  eight  arms,  four  of  whose  rays  correspond 
in  direction  to  the  diagonals  of  the  kathode,  and  the  others  to 
its  central  lines.  The  centre  of  the  figure  is  formed  by  a 
feebly  illuminated  square  space,  upon  which  the  star  appears; 
a  luminous  zone  surrounds  the  dark  central  space,  formed  of 
four  arcs,  convex  outwards. 

The  four  rays  corresponding  to  the  central  lines  of  the 
kathodes  have  their  maxima  of  light  within  this  outer  zone  ; 
the  four  diagonal  rays,  which  are  narrower  than  the  others, 
are  uniformly  luminous,  except  that  all  eight  rays  are  more 
luminous  at  the  centre  of  the  whole  figure.  The  whole  figure 
is  considerably  larger  than  the  kathode-square,  the  darker 
central  square  space  being  larger  than  the  kathode. 

The  figure  given  by  a  rectangle  2  centim.  by  1  centim.,  with 
its  longest  sides  horizontal,  on  the  wall  at  a  distance  of  1^ 
centim.,  is  represented  in  fig.  30.  The  main  figure  is  thus  a 
narrow  line  of  light,  corresponding  to  the  central  line  of  the 
rectangle,  which  forks  at  each  end,  and  is  surrounded  by  a 
broad  band.  The  lower  ground  is  an  oblong,  rounded  at  the 
small  ends. 

A  plane  circular  disk,  as  mentioned  in  the  introduction,  gives 
no  special  figure  on  the  illuminated  ground  obtained  in  all  the 
figures,  unless  we  regard  the  bright  central  point  of  the  image 
as  such  a  figure.  The  rays  produce  a  circular  disk,  which  is 
not  sharply  defined,  with  the  feebly  illuminated  ground,  and 
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brighter  zone  at  the  edge  ;  the  centre  point  is,  of  course,  bright. 
An  ellipse  whose  axes  measure  10  mm.  and  20  mm.,  on  the 
other  hand,  gives  a  comparatively  complicated  figure  (fig.  31) 
at  a  distance  of  wall  of  1  cm.  in  a  vessel  of  9^  cm.  diameter. 
In  all  these  figures  the  ground  expands  the  more  the  density 
of  the  gas  is  reduced. 

If  we  use  kathodes  made  up  of  several  of  these  simpler 
forms  joined  together,  we  of  course  obtain  much  more  com- 
plicated images.  The  images  obtained  with  the  comparatively 
simple  form  of  kathode  fig.  32  a  may  serve  as  example. 
A  square  out  of  whose  edges  smaller  squares  have  been  cut 
(fig.  32  h)  shows  the  central  portion  of  the  phosphorescent 
image  completely;  but,  to  save  space,  the  figure  gives  only 
two  of  the  streams  of  light  which  project  from  the  four  sides. 

To  enter  at  present  further  into  detail  in  describing  a  large 
number  of  these  phenomena,  which  are  often  characterized  by 
surprising  beauty,  would  be  without  scientific  interest,  since 
the  simpler  cases  already  described  sufficiently  represent 
whatever  is  new  and  characteristic  amongst  phenomena  of 
the  kind,  viz.  : — 

(1)  The  fact  that  such  figures  are  produced. 

(2)  The  circumstance  that  the  magnitude  of  the  images 
varies  with  the  density  of  the  gas,  and  exceeds  the  magnitude 
of  the  kathode  itself  at  high  exhaustions. 

This  latter  phenomenon,  to  which  I  have  devoted  a  separate 
series  of  experiments,  may  be  supposed  to  occur  in  either  of 
two  Ways  :  either  the  direction  of  the  rays  varies  with  the 
change  of  density,  the  pencil  emitted  by  a  plane  becoming 
more  divergent  the  smaller  the  density  of  the  gas  becomes  ; 
or  the  direction  of  the  rays  remains  constant,  and  as  the  den- 
sity of  the  gas  decreases  the  previously  unobserved  rays  of 
those  elements  of  the  surface  which  are  situated  obliquely  to 
the  outward-directed  rays  become  strengthened. 

Experimental  trial  gives  as  result  that  the  first-named 
reason  (variation  in  direction  of  rays  with  variation  of  den- 
sity) is  to  be  preferred.  Of  the  different  methods  of  proof 
employed  I  will  mention  only  one  here. 

If  we  cut  slits  in  a  plane  disk,  the  spaces  in  the  disk  show 
themselves  in  the  phosphorescent  image,  for  which  the  disk 
acts  as  a  kathode,  as  narrow  dark  lines.  A  number  of  con- 
centric and  equidistant  semicircular  cuts  were  made  in  a  disk, 
so  that  the  outside  one  lay  near  the  edge  of  the  disk  (fig.  33). 
In  the  phosphorescent  image  there  appear,  even  at  the  highest 
density  at  which  it  is  visible,  the  same  number  of  dark  semi- 
circular lines,  showing  that  even  at  the  highest  density  the 
phosphorescence  produced  by  the  elements  on  the  edge  of  the 
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disk  is  manifest.  If  the  exhaustion  be  carried  further,  the 
dark  semicircular  lines  move  further  apart ;  and  at  a  constant 
density  the  distance  between  any  two  of  the  dark  semicircles  is  ' 
greater  the  further  the  pair  in  question  lies  from  the  centre. 
This  last  behaviour  manifests  itself  also  if  the  phosphorescent 
image  is  received  on  a  plane  surface  parallel  to  the  kathode 
instead  of  upon  a  spherical  wall. 

The  phenomena  described  for  plane  disks  lead  to  the  follow- 
ing conclusions: — 

(1)  The  different  points  of  a  plane  kathode-surface  are  not 
of  equal  value  in  the  emission  of  kathode-rays,  but  the  inten- 
sity of  the  rays  depends  on  the  position  of  the  elements  by 
which  they  are  radiated  with  respect  to  the  contour-line  of 
the  kathode. 

(2)  The  rays  of  a  plane  kathode-plate  do  not  in  general  form  a 
parallel  pencil*  ;  but  the  inclination  of  the  rays  varies  from 
element  to  element,  in  accordance  with  the  distance  from  the 
contour-line  of  the  plate. 

(3)  The  direction  of  the  radiation  from  each  separate  ele- 
ment varies  moreover  with  the  density  of  the  gas.  The  smaller 
the  density  becomes,  the  more  does  the  direction  of  radiation 
differ  from  the  normal  to  the  element ;  and  the  direction  of 
deviation  is  always  outwards. 

Whether  any  density  exists  at  which  there  would  be  devia- 
tion from  the  normal  in  the  opposite  direction  (i.  e.  inwards), 
at  which  therefore  the  rays  would  be  convergent,  is  a  question 
to  which  an  answer  must  for  the  present  be  deferred.  The 
de^aations  which  make  their  appearance  as  the  density  dimi- 
nishes are  the  more  considerable  the  nearer  the  element  in 
question  lies  to  the  edge  of  the  surface. 

11.  Convex  kathodes  of  regular  outline  also  produce  regular 
phosphorescent  images. 

Convex  spherical  forms,  so  far  as  I  have  observed,  give  the 
same  figures  as  plane  kathodes  of  the  same  outline — only  of 
larger  dimensions  at  an  equal  distance  of  wall,  in  consequence 
of  the  stronger  divergence  of  the  rays. 

With  cylindrical  convex  surfaces  the  figures  obtained  with 
plane  surfaces  of  similar  outline  are  deformed,  as  might  have 
been  expected  ;  the  image  is,  cceteris  jyaribiis,  more  expanded  at 
right  angles  to  the  axis  of  the  cylinder  than  parallel  to  the 

*  If  we  assume  that  eacli  poiut  of  a  kathode  emits,  uot  simply  one  ray, 
but  a  small  conical  pencil  of  rays,  then  in  the  above  proposition,  instead 
of  "  ray  "  we  must  read  "  axis  of  conical  pencil  of  rays."  I  am  still  occu- 
pied with  experiments  to  determine  the  limit  of  aperture  which  we  can 
ascribe  to  the  pencil  of  rays  from  a  point  of  a  surface. 
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axis,  and  that  in  greater  degree  the  greater  the  curvature  of 
the  surface. 

12.  Still  another  class  of  simple  forms  of  kathodes  which 
produce  figures  are  such  as  may  be  termed  "  interrupted;"  to 
which  belong,  amongst  others,  prismatic  tubes  open  at  the 
ends  and  cut  ofi"  at  right  angles,  then  (plane)  figures  formed 
by  bending  wire  (e.  g.  polygons  of  wire),  and  so  on. 

The  images  given  by  such  wire  kathodes  are  amongst  the 
most  beautiful  which  can  be  obtained.  In  order  to  render 
intelligible  at  least  the  general  mode  of  their  formation,  the  fol- 
lowing may  be  mentioned: — 

If  a  cylindrical  or  prismatic  tube  cut  off  at  right  angles  to 
its  axis  and  open  at  both  ends  be  employed  as  a  kathode,  then 
as  the  exhaustion  proceeds  a  conical  pencil  of  rays  issues  from 
each  of  the  open  ends  of  the  tube,  the  axis  of  which  is  coin- 
cident "with  the  axis  of  the  tube,  and  which  expands  more  and 
more  into  the  gas-space  the  further  the  exhaustion  is  carried. 
Assuming  rectilinear  rays,  the  pencil  is  then  so  directed  as  if 
it  issued  from  a  metal  plate  closing  the  actual  opening  of  the 
tube.  When  the  exhaustion  is  sufficiently  great,  this  pencil 
reaches  to  the  wall  of  the  vessel  and  excites  phosphorescence 
there. 

The  phosphorescent  image  of  this  pencil  forms  the  phos- 
phorescent figure  produced  by  a  tube-shaped  kathode. 

In  general,  there  are  two  images  produced  corresponding 
to  the  two  pencils  which  issue  from  the  two  openings  of  the 
tube,  and  which  are  congruent  if,  for  example,  the  discharge- 
vessel  be  spherical  and  the  middle  point  of  axis  of  the  tube 
coincide  with  the  centre  of  the  sphere. 

We  have  a  similar  result  to  that  obtained  Avith  a  cylindrical 
kathode,  when  the  w^all  of  the  tube  kathode  is  saddle-shaped, 
such  for  example  as  is  formed  by  the  revolution  of  an  arc  of 
a  circle  about  an  axis  lying  on  its  convex  side. 

If  we  imagine  such  a  tube  of  very  small  height,  we  obtain 
a  case  which  can  also  be  realized  by  surrounding  a  space  with 
a  wire  of  the  corresponding  form.  Just  as  pencils  of  rays 
issued  at  right  angles  to  the  opening  of  the  tube,  so  they 
issue  from  the  wire  kathode  at  right  angles  to  its  plane,  to  all 
appearance  as  if  the  empty  space  surrounded  by  the  wire  acted 
as  a  kathode. 

The  luminous  figures  obtained  from  wire  kathodes  are 
larger  than  the  space  enclosed  by  the  wire,  even  at  small  dis- 
tances of  the  wall  from  the  kathode.  The  images  may  show 
great  changes  with  change  of  pressure.     I  content  myself  with 
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giving  as  example  the  image  represented  in  fig.  34  b,  given  at 
high  exhaustion  on  the  wall  of  a  spherical  vessel  by  a  regular 
pentagon  of  12  millim.  in  the  side  bent  out  of  wire  about 
1  millim.  thick  (fig.  34  a).  The  normal  to  the  polygon  at  its 
centre  point  was  placed  radially. 

The  waving  contour-line  which  passes  through  the  ends  of 
the  five-rayed  star  forms  a  perfectly  sharply  defined  contour- 
line. 

If  we  employ  a  regular  wire  polygon  of  some  other  number 
of  sides  (3-8),  we  obtain  a  similar  luminous  star  with  the 
corresponding  number  of  rays.  With  polygons  with  an  odd 
number  of  sides,  the  rays  of  the  star  correspond  in  direction 
to  the  longer  radii  of  the  kathode-polygon. 

With  polygons  of  an  even  number  of  sides,  on  the  other 
hand,  the  axes  of  the  rays  correspond  to  the  shorter  radii  of 
the  polygon,  and  thus  appear  to  intersect  the  sides  of  the 
polygon  at  right  angles. 

With  the  phenomena  Avhich  are  given  by  interrupted 
kathodes  may  be  connected  an  observation  made  with  plates 
perforated  with  holes,  which  is  at  first  sight  surprising.  If 
we  make  use  of  a  square  plate  perforated  with  a  number  of 
holes  (fig.  35),  we  might  perhaps  expect  that  the  places  from 
which  the  metal  has  been  removed  would  appear  dark  in  the 
phosphorescent  images,  or  at  least  would  correspond  to 
mimima  of  light.  We  find,  however,  that  these  points  are 
really  maxima  of  light ;  thus  with  the  kathode  fig.  35  we 
obtain  16  very  bright  points  of  light.  The  reason  is  to  be 
found  in  the  fact  that  the  walls  of  each  perforation  form  a 
short  open  tube  ;  and,  according  to  what  we  have  seen,  a  bright 
pencil  of  light  issues  from  such  a  tube,  which  at  suitable 
exhaustion  extends  to  the  wall  and  excites  phosphorescence 
there. 

Berlin,  Physical  Institute 
of  the  University. 
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Graphical  Determination  of  Forces  in  Engineering  Structures.      By 
James  B.  Chalmeks,  C.^.     London:    Macmillau.  1881.  405-}- 
xxvi  pages,  6  plates,  267  cuts. 
T^HIS  is  a  large  and  important  work,  aiming  at  being  a  complete 
-■-      treatise  on  use  of  graphic  methods  in  engineering-designs.    It 
is  a  high-class  work,  requiring  a  fair  knowledge  of  modern  geo- 
metry for  its  comprehension.     To  facilitate  this  (to  the  Engineer) 
a   special  Chapter  on  "  Projective  Geometry  ''  (GG  pages)  is  given  ; 
within  this  compass  a  wide  range  is  compressed,  e.  g.  projections, 
homology,  Carnot's,  Pascal's,  Desargues's  theorems,  &c. 
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lu  application  to  Engineering  great  superiority  is  claimed  for 
graphic  methods  over  computation.  The  practical  applications  are 
skilfully  and  neatly  worked  out ;  and  the  study  of  them  is  an  intellec- 
tual treat  (not  easy  reading).  The  scope  of  the  work  is  very  wide  : 
Eesultants  of  Forces,  Moments,  Centre  of  Gravity,  Moments  of 
Inertia, and  Stresses  in  Structures,  e.g.m  Frames,  Beams  (supported, 
fixed,  and  continuous).  Arches  (rigid  and  elastic),  Suspension- 
Bridges,  Retaining  Walls,  and  Tunnels  are  all  treated  by  graphic 
methods.  These  processes  are  only  meant  to  supersede  computa- 
tion :  analysis  is  often  used  for  their  actual  elucidation ;  thus  the 
explanation  of  the  graphic  methods  for  the  Elastic  Ai'ch  covers 
20  pages  of  a  somewhat  difficult  analysis. 

In  some  cases  the  graphic  methods  have  decided  advantage, 
chiefly  when  the  work  is  simply  a  repeated  application  of  the 
theorem  of  the  "polygon  of  forces  ;"  the  diagrams  of  these  are 
simple  and  can  be  quickly  drawn.  But  in  cases  where  sums  of  pro- 
ducts are  required  {e.  g.  in  moments  of  forces,  moments  of  inertia, 
&c.),  the  advantage  is  not  so  clear  :  the  process  increases  greatly  in 
complexity  as  the  number  of  variable  factors  in  each  product  in- 
creases, the  diagrams  become  .intricate,  and  are  finally  a  network 
of  lines  (see  fig.  05-i,  fig.  143  pi.  i,  pi.  va),  requiring  great  skill 
in  their  original  preparation,  and  not  to  be  unravelled  in  after-ex- 
amination without  careful  study.  The  risk  of  mistake  in  construc- 
tion, not  so  much  from  inaccurate  drawing  as  from  mistaking  one 
point  or  line  for  another,  in  such  a  network  must  be  considex'able, 
and  quite  analogous  to  that  of  numerical  slips  in  computing.  Even  in 
the  simple  case  of  the  sum  of  the  products  of  two  factors,  the  result 
would  probably  be  got  more  quickly  with  a  slide-rule  or  Crelle's 
mutiplication-table  than  by  the  very  neat  graphic  process  given ; 
but  in  the  more  complex  cases  of  several  factors  computation  would 
surely  be  quicker. 

The  processes  given  are  by  no  means  always  the  shortest.  Thus 
the  determination  of  the  pressures  on  the  supports  due  to  a  single 
load  placed  on  a  beam  requires  only  the  division  of  the  line  repre- 
sentative of  the  load  into  segments  inversely  proportional  to  the 
segments  of  the  beam  on  either  side  of  the  load.  This  requires  only 
three  lines  for  its  complete  graphic  solution ;  but  the  process  given 
(the  same  as  for  the  general  case  of  many  loads)  requires  seven 
lines. 

When  several  processes  are  available  for  the  same  purpose,  it 
would  surely  suffice  to  give  the  best,  unless  each  has  peculiar  ad- 
vantages in  special  cases,  which  should  then  be  stated.  ]N'ow,  for 
finding  stresses  in  frameworks  three  processes  are  given,  covering 
66  pages.  No.  i.,  by  "  Method  of  Sections,"  requiring  at  every 
section  a  preliminary  reduction  of  the  frame  on  one  side  thereof  to 
an  ideal  triangle  and  evaluation  of  the  Resultant  force  thereon : 
this  is  a  difficult  an,d  troublesome  process.  This  troublesome  pre- 
liminary is  avoided  in  No.  ii.,  the  Method  of  Sections  proper :  this 
is  nearly  the  same  in  its  application  as  No.  iii.,  but  gives  rise  to 
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stress-diagrams  sometimes  imperfectly  "  reciprocal "  to  the  original 
— a  slight  disadvantage.  Xo.  iii.  is  Clerk-Maxwell's  beautiful  pro- 
cess :  this  is  the  simplest  and  easiest  of  the  three ;  its  simplicity 
seems  to  depend  on  the  complete  reciprocity  of  the  stress-diagram 
with  the  original  figure.  Methods  i.  and  ii.  might  have  been  omitted 
with  advantage,  and  more  space  given  to  the  last.  This  Chapter 
is  illustrated  by  nvimerous*  well-chosen  examples.  The  three  pro- 
cesses therein  are  really  a  graphic  solution  of  the  "  conditions  of 
equilibrium  "  among  the  forces  at  each  section  or  joint ;  as  there 
are  thus  only  two  equations  for  each  section  or  joint,  the  magni- 
tudes of  two  stresses  can  be  found  for  each  section  or  joint.  Thus 
the  problem  is  indeterminate  for  a  frame  at  any  of  whose  joints  so 
many  bars  meet  as  to  require  the  determination  of  more  than  two 
stresses  thereat.  This  is  actually  the  case  with  two  of  the  frames 
(figs.  49  and  51)  for  which  finished  stress-diagrams  are  given  with- 
out comment.  Some  explanation  is  surely  wanted  in  the  text  as  to 
how  this  indeterminateness  (which  is  inherent  in  both)  is  to  be  met. 
One  of  these  (Xo.  51)  is  solved  in  Rankine's  '  Civil  Engineering,' 
art.  576,  by  a  method  of  dissecting  the  complex  Truss  into  partial 
Trusses,  which  bridges  the  difficulty  by  (tacitly)  assuming  the  inter- 
action of  the  partial  Trusses. 

In  Clerk-Maxwell's  process  for  Frames  under  dead  load  the 
graphic  methods  probably  appear  at  their  best ;  but  with  moving 
load  the  greatest  stress  in  each  bar  occurs  with  a  different  state  of 
load,  thus  involving  a  tolerably  complete  special  diagram  for  each 
bar,  greatly  increasing  the  work  and  the  intricacy  of  the  finished 
drawing. 

In  investigating  the  stability  of  Eetaining  Walls  and  Masonry 
Arches,  again,  the  graphic  methods  have  decided  advantage  over 
computation :  this  arises  partly  from  the  fact  of  the  cross-sections 
being  solid,  so  that  the  limit  within  which  the  centre  of  pressure  at 
each  joint  should  fall  is  easily  known  to  be  the  middle  third.  The 
tracing  of  lines  of  pressure  and  resistance  therein  is  well  ex- 
plained and  illustrated. 

In  the  case  of  the  Arch,  however,  one  difficulty  (indeterminate- 
ness) has  not  been  adequately  met.  In  general  many  lines  of 
pressure  and  resistance  could  perhaps  be  traced  within  the  "  core  " 
or  admissible  limits  (the  middle  third) ;  and  the  question  is,  whicli 
is  the  true  line  ?  The  author  says,  "  the  true  Line  of  pressiu-es  is 
that  which  is  nearest  the  axial  line"  (art.  181);  this  seems 
doubtful.  Moseley's  Principle  of  Least  Eesistance  gives  a  means 
of  locating  it  so  that  the  passive  resistance  required  at  the  spring- 
ing shall  be  the  least :  this  seems  sound  for  rigid  material ;  but  its 
applicability  to  non-rigid  material  is  not  so  clear. 

Of  all  the  processes  given,  the  applications  to  Continuous  Beams 
and  the  Elastic  Arch  are  naturally  the  most  intricate.  These  are 
masterly  specimens  of  the  power  of  graphic  work  in  the  hands  of 

*  There  are  several  lines  wrong  in  lower  part  of  fig.  57  b. 
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one  skilled  in  its  use.  The  amount  of  drawing  required  for  the 
complete  investigation  of  any  one  arch  seems  very  great.  PI.  v. a, 
the  finished  (?)  result  for  an  arch,  is  so  complex  a  whole  (although 
several  preliminary  drawings  are  omitted  from  it)  as  to  require 
great  care  for  its  comprehension;  and  even  it  seems  (arts.  214,219) 
to  be  only  a  part  of  what  is  required. 

Among  practical  details,  it  is  hxid  down  (art.  121)  that  "an  arch 
ought  to  be  wholly  in  compression."  Now  this  principle  is  ob- 
viously right  for  masonry ;  but  there  can  be  no  occasion  for  applying 
it  to  iron  or  steel  arches  (as  in  art.  183) :  this  would  surely  be  a 
waste  of  power. 

The  theory  of  earth -pressure  given,  depending  on  the  "angle  of 
repose "  and  frictional  stability',  is  complex  and  difficult  (covering 
23  pages  before  application  to  retaining  walls).  The  "  angle  of 
repose  "  is  an  item  which  in  many  cases  can  hardly  be  said  to  be 
known  at  all,  so  that  mathematical  refinements  are  of  little  use. 
Eankine's  theory  (which  is  much  simpler)  seems  good  enough  for 
such  imperfect  data. 

There  are  numerous  references  to  foreign  \Aorks  on  geometry 
and  graphic  statics  ;  the  influence  of  these  is  obvious  in  the  diction. 
The  author  is  thoroughly  at  home  in  the  practical  application  of 
graphic  methods ;  but  for  a  didactic  work  the  mathematical  render- 
ing might  be  improved.  Thus  there  is  occasional  obscurity  in  the 
explanations,  e.  g.  props,  xxxix.,  xlii.,  and  arts.  80, 161,  223  :  results 
to  be  derived  as  the  fourth  term  of  a  proportion  are  commonly  pre- 
sented as  (  «  :  6  :  :  c  :  —  J   a  mere  identity ;    the  insertion  of  the 

name  or  symbol  for  the  required  fourth  term  would  be  more  useful 
{e.  g.  in  aiding  its  discovery  in  the  diagrams).  There  is  also  a  cer- 
tain looseness  of  expression,  e.  g.  moments  termed  forces  (pp.  113, 
139),  the  use  of  the  term  "  centre  of  gravity"  of  forces  (pp.  268, 

274) :  also  of  notation,  e.  g.  in  use  of  symbols  A.  and  d,  S  and  j 
(passim),  and  of  —  in  geometry  (pp.  363,  364) ;  also  of  analysis, 
e.  g.  omission,  removal,  or  change  of  variables  undcx'  summatory 
symbol  (pp.  162,  268;  150,  275,  277;  281);  these  latter  mistakes 
generally  correct  themselves  in  the  final  results.  There  are  also 
two  mistakes  in  the  geometric  theorems.  Thus,  Poncelet's  condi- 
tion of  projectiviiy  (prop,  xxxii.)  is  stated  in  too  general  terms 
without  due  limitations,  and  the  example  given  is  non-projective. 
Again,  in  the  proof  of  Pascal's  theorem  (prop,  xlvi.),  the  conic  and 
its  inscribed  hexagon  are  projected  into  a  circle  and  inscribed 
hexagon  with  opposite  sides  parallel  and  one  pair  equal  (which  is 
not  generally  possible) ;  and  it  is  stated  that  "  the  points  of  the 
hexagon  joined  iwo  and  two  concur  in  a  point  P  "  (and  they  actu- 
ally do  in  the  figure  in  consequence  of  its  being  a  regular  hexagon), 
which  is  not  generally  true. 

Several  minor  points  might  be  improved  (in  a  new  edition). 
Thus  there  is  hardly  enough  lettering  on  some  of  the  diagrams  for 
their  easy  comprehension  ;  and  in  many  cases  the  symbols  given  are 
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too  complex  for  use  on  a  diagram — e.  g.  one  length  in  fig.  100  is 
marked  thus : 

a  \        zj  a 

Now  in  all  such  cases  a  single  s^^mbol  (with  reference  in  the 
text)  would  be  better.  The  numbering  of  the  diagrams  also  should 
be  made  consecutive ;  there  are  at  present  three  numberings  inter- 
mixed, which  renders  reference  difficult.  The  number  of  mis- 
prints also  is  very  great,  especially  among  the  references.  Even  with 
these  faults  the  work  is  a  valuable  one,  and  no  one  can  read  it 
without  learning  much.  Allans'  Cusninc^ham,  Major  B.E. 

Questmis  in  Pure  MatTiematics  proposed  at  the  B.A.  and  B.Sc.  Pass 
and  Honours  Examinations  of  the  University  of  Lond.on,  with 
complete  Solutions  by  J.  E.  A.  Steggall,  M.A.  Van  Voorst, 
1882;  pp.  viii  +  245. 

The  title  sufficiently  indicates  the  nature  of  the  work.  The  solu- 
tions, we  think,  are  in  all  cases  neat,  and  in  many  instances  they 
are  elegant.  Mr,  Steggall  does  not  confine  himself  to  single  solu- 
tions, but  often  gives  two  or  more  proofs  of  the  same  question. 
The  work  is  very  carefully  printed,  and  there  are,  we  believe,  very 
few  typographical  errors.  On  p.  1.3  another  mode  of  solution 
might  have  been  indicated,  depending  on  the  fact  that  the  sinister 
side  vanishes  when  x:=y^z.  We  venture  to  suggest  that  on  p.  25 
reference  might  haA'e  been  made  to  Euc.  vi.  3  and  A  as  also  readily 
furnishing  a  solution ;  and  the  equation  on  p.  37  might  be  worked 
from  the  fact  that  the  terms  on  one  side  are  reciprocals  of  those 
on  the  other.  But  these  and  other  instances  we  could  bring  for- 
ward only  illustrate  the  well-known  fact  that  there  are  more  ways 
than  one  of  attacking  problems  ;  and  the  exigencies  of  space  have 
no  doubt  restricted  the  author  in  general  to  the  single  solution  he 
adopts.  On  pp.  21,  45,  occur,  as  we  think,  two  slight  uiaccuracies  in 
expression.  We  note  the  following  slips  : — p.  120,  "Solving  for  y" 
read  "a-,"  and  for  "cos a?"  read  "cos' a;";  p.  164,  for  "— 3y" 
read  "  -\-2,y  " ;  p.  224,  for  "  >1 "  read  "  <  1."  A  few  others  are 
easily  corrected  ;  but  on  p.  205  there  is  a  great  derangement  of 
"  subscripts,"  and  this  may  puzzle  some  readers.  We  hope  that 
Mr.  Steggall  Avill  receive  sufficient  encouragement  to  bring  out  a 
second  edition  in  a  few  years  time,  with  additional  solutions  up  to 
date ;  for  such  works  as  this  are  of  great  service  to  students. 

Geological  Chart,  arranged  by  Professor  John  Moeeis,  M.A.,  F.GJ^., 
4'c.  New  Edition.  Large  Sheet.  Eevnolds  and  Sons,  Strand, 
London.     1882. 

This  enlarged  and  revised  edition  of  a  good  Geological  Table  shows 
the  order  of  the  many  stratified  formations  in  their  regular  succes- 
sion, their  mineral  characters,  uses  in  the  arts,  principal  fossils. 
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places  of  occurrence  in  the  British  Isles,  and  their  relative  thick- 
nesses. Notes  also,  to  similar  effect,  on  the  Metamorphic  and 
Igneous  rocks  are  supplied.  The  later  determinations  of  geologists 
as  to  the  better  division  and  classification  of  some  of  the  recognized 
groups  of  strata  are,  in  several  instances,  incorporated  where  they 
are  not  likely  to  be  otherwise  than  clear  and  useful  to  the  student ; 
and  there  are  but  few  points  in  printing  or  arrangement  which 
we  would  find  fault  with.  We  therefore  recommend  this  Chart 
as  having  been  carefully  revised  by  its  well-known  accomplished 
author,  and  as  having  been  brought  up  to  the  latest  date  in  useful 
information,  and  forming  a  complete  and  ready  Geological  Synopsis 
for  the  several  lines  of  studv  indicated  above. 


LIII.  Proceedings  of  Learned  Societies. 

GEOLOGICAL  SOCIETY. 

[Continued  from  p.  151.] 

November  1,  1882.— J.  W.  Hulke,  Esq.,  F.E.S.,  President, 

in  the  Chair. 

nnHE  following  communications  were  read : — 
-^      1,  "  The    Hornblendic  and  other  Schists  of  the  Lizard  Dis- 
trict, with  some  Additional  Notes  on  the  Serpentine."      By  Prof, 
T.  G,  Bonney,  M,A.,  P.ll.S.,  See.  G.S. 

The  author  described  the  metamorphic  series,  chiefly  characterized 
bv  hornblendic  schist,  which  occupies  the  southern  portion  of  the 
Lizard  and  an  extensive  tract  to  the  north  of  the  serpentine  region, 
besides  some  more  limited  areas.  He  found  that  this  series  was 
separable  into  a  lower  or  micaceous  group — schists  with  various 
green  minerals  (often  a  variety  of  hornblende),  or  with  brownish 
mica ;  a  middle  or  hornblendic  group,  characterized  by  black  horn- 
blende ;  and  an  upper  or  granulitic  group,  characterized  by  bands 
of  quartz-felspar  rock,  often  resembling  in  appearance  a  vein-granite. 
These  are  all  highly  metamorphosed  ;  yet  the  second  and  third  occa- 
sionally retain  to  a  remarkable  extent  indications  of  the  minuter 
bedding  structures,  such  as  alternating  lamination  and  current- 
bedding  of  various  kinds.  They  form,  in  the  author's  opinion,  one 
continuous  series,  of  which  the  uppermost  is  the  thinnest.  The 
general  strike  of  the  series,  though  there  are  many  variations,  is 
either  N.W.  or  "W.N.W. 

The  iunctious  of  the  Palaeozoic  with  the  metamorphic  series  at 
Polurrian  and  at  Porthalla  were  described.  These  are  undoubtedly 
faulted  ;  and  the  two  rocks  differ  greatly,  the  former  being  a  slate 
like  any  ordinary  Palaeozoic  rock,  the  other  a  highly  metamorphosed 
schist.  Moreover  fragments  of  the  hornblende  schist  and  a  kind  of 
gneiss  occur  in  a  conglomerate  in  the  former,  S.  of  Nare  Point. 

The  author  considers  the  metamorphic  series  (the  microscopic 
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structure  of  which  was  fiilly  described)  undoubtedly  Archaean,  and 
probably  rather  early  in  that  division.  The  rocks  of  the  micaceous 
group  have  considerable  resemblance  to  the  greenish  and  lead- 
coloured  schists  of  Holyhead  Island  and  the  adjoining  mainland  of 
Anglesey,  and  of  the  Menai  Strait, 

Two  outlying  areas  of  serpentine,  omitted  in  his  former  paper,  were 
described — one  at  Polkerris,  the  other  at  Porthalla.  The  latter 
shows  excellent  junctions,  and  is  clearly  intrusive  in  the  schist.  The 
author  stated  that  he  had  reexamined  a  large  part  of  the  district 
described  in  his  former  paper,  and  had  obtained  additional  evidence 
of  the  intrusion  of  the  serpentine  into  the  sedimentary  rock  with 
which  it  is  associated.  This  evidence  is  of  so  strong  a  nature  that 
he  could  not  conceive  the  possibility  of  any  one  who  would  carefully 
examine  the  district  for  himself  entertaining  a  doubt  upon  the 
matter, 

2,  "  ]Votes  on  some  Upper  Jurassic  Astrorhizidae  and  Lituolidae," 
By  Dr.  Eudolf  Hausler,  F.G.S. 


LIV.  Intelligence  and  Miscellaneous  Articles. 

ON  MR.  C,  W.  SIEMEXb's  NEW  THEORY  OF  THE  SUN. 
BY  M,  G.  A.  HIRN, 

T^O  the  grave  objection  brought  forward  by  ]N[,  Faye  against 
-*•  Mr,  Siemens's  new  theory  of  the  conservation  of  the  solar 
energy,  another,  also  a  very  serious  one,  may  be  added.  This  objec- 
tion may  be  summed  up  in  few  words. 

Up  to  the  present  time  there  is  no  general  agi'eement  as  to  the 
real  value  of  the  Sun's  temperature,  Pere  Secchi  carried  it  to 
millions  of  degrees.  Other  physicists,  especially  in  France,  lowered 
it  to  about  twenty  thousand  degrees.  According  to  the  magnificent 
experiments  of  Mr.  Langley  (of  Alleghany)  this  latter  amount  is, 
at  aiay  rate,  a  minimum.  AVhat  is  certain  then,  starting  from  the 
fine  memoirs  upon  dissociation  of  our  lamented  colleague  Henri 
Sainte-Claire  Deville,  fs  that  none  of  the  chemical  compounds  that 
we  know  upon  our  Earth  could  exist  at  the  surface  of  the  Sun. 
All,  even  those  which  are  most  refractory  in  our  laboratories,  would 
be  dissociated  and  reduced  to  their  constituent  elements.  And 
this  is  what  is  admitted  in'M,  Faye's  theory  of  the  Sun, 

The  natural  and  direct  consequence  of  the  preceding  fact  is,  that 
the  chemical  compounds  which  Mr.  Siemens  supposes  to  be  disso- 
ciated by  degrees  in  space  by  the  solar  radiation,  might  certainly, 
in  returning  under  the  action  of  gravity  and  in  the  elementary  state 
towards  the  central  body,  become  reformed,  and  regenerate  the 
heat  expended  in  their  dissociation  in  space  ;  but  this  recombination 
could  only  be  effected  at  an  appreciable  distance  from  the  solar 
photosphere,  and  the  compounds  reproduced,  on  falling  into  the 
bosom  of  the  latter,  would  be  again  completely  dissociated.  This 
action,  therefore,  would   cause   the  expenditure  of   all  the  heat 
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previously  developed  by  the  combination.  From  this  it  follows 
evidently  that  this  return  of  the  elements  towards  the  centre  would 
contribute  nothing  at  all  towards  the  conservation,  or  rather  the 
continuous  reproduction,  of  the  solar  temperature. 

It  seems  to  me  that  Mr.  Siemens's  theory  may  be  subjected  to 
another  decisive  critical  test.  If  the  solar  radiation,  or  say  the 
heat,  whether  visible  or  not,  emitted  or  sent  off  by  any  celestial 
body,  during  its  course  effects  the  chemical  dissociation  of  the 
hypothetical  compounds  disseminated  in  stellar  space,  the  intensity 
of  this  radiation  must  necessarily  be  reduced  by  the  positive  work 
effected,  and  all  that  serves  for  this  work  is  lost  for  the  \"isibility 
of  the  star. 

From  this,  then,  it  follows  that  the  lustre  of  the  sun,  of  the 
stars,  and  of  the  planets  must  diminish  according  to  a  much  more 
rapid  law  than  that  of  the  inverse  proportion  of  the  square  of  the 
distances.  I  say  much  more  rapid ;  but  we  must  say  extremely 
rapid.  In  fact,  from  the  moment  when  the  recombination  of  the 
elements  at  the  surface  of  the  Sun  would  be  capable  of  regenerating 
the  heat  emitted,  it  is  evident  that  all  this  emitted  heat  would  be 
employed  in  its  tui'n  in  dissociating  the  chemical  compounds  in 
space.  In  order  that  the  Sun  could  be  thus  continually  maintained 
in  its  energy,  it  would  be  necessary  that  the  distance  at  which  it 
is  visible,  far  from  being  unlimited  as  it  probably  is,  should,  on  the 
contrary,  be  restricted  ;  for  wherever  it  would  be  still  visible  there 
would  be  light  not  employed  in  chemical  dissociation,  and  conse- 
quently there  would  still  be  a  definite  loss  possible.  Nothing  in 
the  aspect  of  our  planets  and  their  satellites,  it  seems  to  me, 
authorizes  us  to  assume  that  there  is  auy  other  reduction  in  the 
brilliancy  of  the  light  than  that  resulting  from  the  inverse  propor- 
tion of  the  square  of  their  distance  from  the  central  body.  We 
see  stars  the  light  of  which  has  taken  at  least  three  years,  and 
others  of  which  the  light  has  perhaps  taken  thousands  of  years  to 
reach  us.  None  of  this  light,  therefore,  has  been  employed  in 
chemical  dissociation ;  nothing  could  have  been  restored  to  them 
by  the  mode  indicated  by  the  ingenious  theory  of  Mr.  Siemens. 

May  I  be  permitted,  in  concluding  this  note,  to  revert  to  the 
objection  formulated  by  M.  Faye,  and  to  render  it  in  some  degree 
palpable  by  a  numerical  example  ?  In  an  extensive  work  upon 
which  I  am  engaged,  upon  the  constitution  of  the  stellar  space,  I 
naturally  examine  into  the  consequences  that  the  resistance  of  a 
gas  diffused  in  space  would  have  upon  the  movements  of  the 
planets.  From  this  work  I  extract  an  example  relating  to  the 
application  of  analysis  to  the  motion  of  our  Earth.  According  to 
Laplace,  the  diminution  or  augmentation  which  one  may  attribute 
to  the  duration  of  our  sidereal  year  3000  years  ago,  taking  into 
account  the  uncertainty  of  the  observations,  would  be  90  seconds 
at  the  maximum  (a  modification  of  which,  however,  there  is  nothing 
to  demonstrate  the  reality).  Accepting  a  reduction  of  this  amount 
as  real,  I  inquire  what  density  a  gas  would  need  to  have  to  produce 
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it ;  aud  I  show  that  it  would  suffice  if  there  were  1  kilogr.  of  matter 
in  vapour  in  700  thousand  millions  of  cubic  metres — in  other  \\ords, 
that  the  density  would  be  0-000  000  000  001  43  kilogr.  It  wdll  be 
seen  that  we  are  far  from  the  reduction  to  the  ttoVo'  ^^^^  Q^^QVi. 
to  the  millionth  assumed  by  Mr.  Siemens.  If,  instead  of  taking 
account  only  of  the  resistance  opposed  by  such  a  gas  to  the  motioa 
of  our  planet,  we  direct  our  attention  to  the  consequences  which 
its  existence  would  have  upon  that  of  our  atmosphere,  we  find  that, 
unless  we  multiply  our  700  thousand  niillions  of  cubic  metres  by 
10,000,  and  reduce  the  density  sought  for  to  0-000  000  000  000  0001 
kilogr.,  our  atmosphere  would  be  in  a  few  moments  swept  away  by 
the  pressure  exerted  above  by  the  interstellar  gas. 

M.  Faye  is  perfectly  justified  in  saying  that  it  is  not  such  or 
such  a  degree  of  rarefaction,  but  that  it  is  the  vacuiim  {of  matter,  of 
course)  that  the  astronomer  requires  to  ensure  the  stability  of  the 
movements  that  his  analysis  shows.  This  ^■acuum  no  doubt  upsets 
the  doctrine,  supposed  to  be  so  undeniable,  which  ascribes  all  the 
phenomena  of  the  physical  world  to  movements  and  collisions  of 
material  atoms  independent  of  each  other.  One  day  or  another, 
no  doubt,  this  doctrine  will  have  to  give  up  its  existence,  and  its 
defenders  will  have  to  resign  themselves  to  admit  in  the  physical 
world  something  more  than  matter  in  motion.  In  a  remarkable 
letter  to  Bentley,  Newton  said  that  one  mast  be  destitute  of  all 
aptitude  for  a  serious  philosophical  discussion  to  suppose  that 
bet\^een  two  bodies  which  seem  to  attract  each  other  at  an 
unlimited  distance,  there  is  not  something  which  establishes  this 
relation ;  but,  he  adds  immediately,  is  this  intermediary  material 
or  immaterial  ?  This  I  leave  to  the  reader  to  decide.  With  that 
great  genius  undoubtedly  there  was  no  uncertainty  upon  this  latter 
point ;  but,  perhaps  justly,  he  refrained  from  putting  before  his 
contemporaries  a  solution  which  might  have  seemed  incomprehen- 
sible to  them,  as  it  still  is,  apparently,  to  so  many  minds  of  the 
present  day. —  Comjttes  Eendus,  jSTovember  6,  1882,  p.  812. 


REPLY  TO  M.  FAYE's  OBJECTIONS  TO  MR.  C.  W.  SIEMEKS'S  THEORY 
OF  THE  SUN.      BY  C.  W.  SIEMENS. 

M.  Faye,  while  approving,  generally,  of  the  physical  part  of  my 
investigations,  questions  their  application  to  astronomy,  and  for 
the  following  reasons  : — - 

1.  That  the  presence  of  a  universal  gaseous  medium  at  a  pressure 
of  TToVo  atmosphere  woidd  oppose  an  excessive  resistance  to  the 
movements  of  the  planets  ;  2,  That  this  vapour,  thus  distributed, 
■would  be  gradually  attracted  towards  the  sun  and  would  tend  to 
augment  its  mass  considerably. 

Allow  me  to  point  out,  as  regards,  in  the  first  place,  the  second 
of  M.  Faye's  objections,  that  the  degree  of  diffusion  supposed  by 
me  is  such  as  may  ensure  the  permanence  of  the  statical  equilibrium 
between  the  forces  of  expansion  and  diffusion  on  the  one  hand,  and 
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the  atti-actiou  towards  the  sim  and  the  celestial  bodies  ou  the  other. 
If  no  such  equilibrium  were  established,  M.  Faye's  objection  would 
at  once  upset  my  theory.  I  am,  moreover,  inclined  to  admit  that 
if  Mariotte's  law  w  ith  regard  to  the  tension  of  gases  could  be  applied 
indefinitely,  the  pressure  of  the  interplanetary  gaseous  medium 
would  be  reduced  almost  beyond  any  thing  of  which  we  can  form 
an  idea ;  but  it  seems  to  me,  from  considerations  drawn  from  the 
dynamical  theory  of  gases,  and  from  the  manner  in  which,  as 
demonstrated  by  Mr.  Crookes,  gases  behave  when  rarefied  to  an 
extraordinary  degree  in  tubes — it  seems  to  me,  1  say,  that  at  least 
there  exists  no  reason  d  priori  why  this  law  should  be  extended 
rigorously  to  vapours  beyond  the  confines  of  our  atmosphere  and 
of  that  of  the  Sun. 

As  regards  M.  Face's  first  objection,  I  admit  that  a  density  of 
5^(jW  atmosphere  v^ould  have  the  consequences  which  he  so  correctly 
establishes ;  and  I  remember  having  said  (see  '  Proceedings  of  the 
Royal  Society,'  p.  395)  that  assuming  as  demonstrated  the  results 
of  my  experiments  on  the  dissociation  of  vapoiu-s  by  the  solar 
energy,  and  that  stellar  space  is  filled  with  vapour  at  a  pressure 
not  exceeding  the  limit  of  yxtVu  atmosphere,  which  corresponds  to 
the  highest  rarefaction  that  I  was  able  to  obtain  in  my  experiments, 
a  dissociation  of  this  cosmical  vapour  must  ensue  by  the  radiation 
of  the  Sun.  It  must  nevertheless  be  remarked  that  this  obser- 
vation only  relates  to  the  physical  phenomena  submitted  to  my 
experiments,  and  that  it  is  evident  that  if,  the  dissociation  of  aqueous 
vapour  and  of  carbon-compounds  is  effected  by  the  direct  radiation 
of  the  sun  at  so  high  a  pressure  as  xiyVo"  atmosphere,  it  would  with 
still  more  reason  be  effected  in  the  much  more  rarefied  medium. 

In  another  passage  of  my  memoir  (p.  397),  when  I  apply  my 
hypothesis  to  comets,  I  assume  that,  even  at  their  perihelion,  they 
represent  a  vapour-medium  with  a  density  of  only  -g^^  atmosphere, 
and  that  tliis  density  suffices  to  give  I'ise  to  incandescence  by  com- 
pression. This  supposition  proves,  at  any  rate  indirectly,  that  I 
regarded  stellar  space  as  filled  with  vapour  at  a  pressure  much 
below  3-J5V0  atmosphere,  while  still  speaking  of  this  medium  (in  the 
absence  of  all  data  of  experiment  and  observation)  as  in  an  extremely 
rarefied  state,  without  fixing  any  limit  of  this  rarefaction. 

Since  then  new  facts  of  observation  have  tended  to  confirm  my 
hypothesis  of  a  stellar  space  filled  with  rarefied  matter  analogous 
to  that  which  we  can  actually  produce  in  our  vacuum-tubes.  The 
equatorial  prolongations  of  the  solar  atmos]3here  observed  in  America 
during  the  eclipse  of  1859,  seem  to  demonstrate  the  existence  of 
matter  extending  from  the  Sun  for  several  millions  of  leagues,  and 
rendered  \isible,  no  doubt,  by  solid  particles,  illuminated  partly  by 
the  reflection  of  the  solar  light,  and  partly  by  discharges  of  elec- 
tricity towards  the  Sun. 

My  hypothesis' has  found  a  still  more  direct  confirmation  in  the 
remarkable  spectroscopic  investigations  communicated  by  Capt. 
Abney  to  Section  A  of  the  British  Association  in  the  month  of 
A.ugust  last,  which  demonstrate  that  carbon-compounds,  probably 
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analogous  to  ethyl,  easy  to  observe  distinctly,  exist,  and  at  a  low 
temperature,  between  the  Sun's  atmosphere  and  our  own.  The 
observations  made  in  America  by  Prof.  Langley  with  his  bolometer, 
although  made  for  a  totally  different  purpose,  tend  to  confirm  the 
results  obtained  by  Capt.  Abney  upon  the  Eiffel.  We  may  also 
add  to  these  proofs  the  interesting  observation  of  Prof.  Sehwedoff 
(still  unpublished,  ard  communicated  to  me  on  the  same  occasion 
by  Prof.  Silvanus  Thompson),  according  to  which  large  hailstones 
of  cosmical  origin  have  sometimes  fallen  upon  the  earth.  This 
observation,  however,  needs  to  be  confirmed. 

Accepting  these  observations  as  founded  upon  facts,  physical 
considerations  are  not  \\anting  for  the  approximate  determination 
of  the  actual  density  of  the  stellar  vapour,  which,  in  this  ease,  is 
only  a  function  of  the  temperature  of  space.  As  Gorschow,  on 
30th  November  1871,  observed  a  temperature  of  —  63°  C.  in  the 
Arctic  regions,  it  follows  that  the  stellar  medium  (which,  if  it  con- 
sists of  a  vapoiu-,  must  be  able  to  intercept  calorific  rays)  must  be 
at  a  temperature  comprised  between  —  63°  and  the  absolute  zero 
C— 273°) ;  the  solar  racliation  must  maintain  in  it  some  temperature, 
or,  at  least,  such  a  temperature  that  the  dissociation  of  this  medium 
is  very  active. 

It  is  to  Eegnault  that  we  owe  our  most  exact  knowledge  of  the 
density  of  vapours  at  different  temperatures  ;  but  his  researches  did 
not  extend  below  —32°  C,  and  his  formulae  cannot  be  rigorously 
applied  below  that  point ;  nevertheless  they  enable  us  to  estimate 
approximately  what  may  be  the  densities  of  a  vapour  at  lower 
temperatures ;  and  it  is  thus  that  we  are  led  to  believe  that  at 
— 130°  the  density  of  aqueous  vapour  does  not . exceed  5,000.000 
atmosphere.  If  we  assume,  further,  that  the  gaseous  mass  which 
fills  space  contains  only  i  of  aqueous  vapour,  the  other  four  fifths 
being  composed  of  hydrocarbons,  carbonic  acid,  and  nitrogen,  the 
total  pressure  of  the  vapoiu"  would  not  exceed  1,000,000  atmosphere. 

These  vapours  would  traverse  space  with  a  velocity  equal,  pro- 
bably, to  half  the  tangential  velocity  at  the  surface  of  the  Sun,  or 
at  about  1  kilometre  per  second.  It  would  be  easily  demonstrated 
that  a  column  of  these  dissociated  gases  travelling  with  this  velocity 
towards  the  polar  surfaces  of  the  sun  and  taken  at  a  distance  of 
5,500,000  kilom.  from  the  Sun  (equal  to  the  mean  distance  of 
Mercury,  the  nearest  of  his  planets)  would  present  a  section  of 
flow  towards  the  Sun  equal  to  140,000  milliards  of  square  kilometres, 
much  more  than  sufficient  to  furnish  the  material  necessary  to 
yield  by  combustion  the  heat  required  to  maintain  the  solar  radi- 
ation. 

Perhaps  the  eminent  Director  of  the  Bureau  des  Longitudes 
may  be  inclined  to  think  that  a  gaseous  medium  of  a  density  equal 

at  most  to  1,000,000  *^^  ^^^^  °^  °^^  atmosphere  might  still  interfere 
with  planetary  movements  to  a  degree  incompatible  \vith  the  facts 
ascertained  by  astronomical  observations.  If  this  be  the  case,  it 
woidd  suffice  to  assume  a  still  lower  temperature  for  this  medium, 
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and  in  consequence  a  more  attenuated  rarefaction  of  the  interstellar 
gaseous  matter. —  Comptis  Rendus  de  V Academic  des Sciences.  Oct.  30, 
1882,  p.  769. 


ON  A  PROPERTY  OF  THE  COEFFICIENT  OF  ABSORPTION. 
BY  EILHARD  WIEDEMANN. 

Bunsen  represents  the  absorption-coefficient  a  at  a  temperature 
t  by  the  formula 

a=a — bt+ct-, 

in  which  a  and  6=  a  constant. 
Instead  of  this,  we  can  write 


a=all--t+if  I 
I  cc        a      ) 


In  the  following  Table  I  have  set  down,  together  with  the  values 
of  a,  b  .  10",  and  c .  lO'',  the  values  of  b/a  and  c/ a  for  a  series  of 
gases  and  water  : — 


a. 


Hydrogen  ■  0 

Nitrogen I  0 

Air ,  0 

Diethyl  I  0 


Carbonic  oxide 

Oxygen  

Marsh-gas 

Dimethyl    

Hydride  of  ethyl  

Ethylene    

Propylene  

Nitrous  oxide    

Carbonic  acid    , 

S  alphuretted  hydrogen . . 

Sulphurous  acid    

Chlorine 


0' 
0' 
0' 
0 
0' 
0 
0 
!• 
1 
4 
79 
3 


0193 

0203 

0247 

0315 

0329 

0412 

0545 

0871 

■0946 

•2563 

■4465 

•3052 

•7967 

•3706 

■789 

0361 


6 
a 


0 

539 

654 

1045 

816 

1089 

1180 

3324 

3532 

9136 

22075 

45362 

77610 

83687 

2607700 

.    46196 


0 

112 

135 

251 

164 

226 

103 

603 

628 

1881 

5388 

6483 

16424 

5213 

263490 

1107 


0 

002648 

0026487 

0033198 

00243 

002648 

002166 

0-03816 

003735 

0-03564 

0-04943 

003475 

0-04320 

0-01914 

0-03268 


c 
a 


0 

0-000548 
0-000548 
0-000796 
0000499 
O-0O0548 
0000188 
0-000692 
0-00U663 
0-000<)54 
0-000206 
0000496 
0000914 
0-CK30119 
0-000367 


It  will  be  remarked  that  the  values  of  b/a  in  this  Table  vary  only 
from  0-02  to  O'Oo,  while  a  itself  ascends  from  0-02  to  79-789,  i.  e. 
up  to  4000  times  the  former  value.  But  the  values  of  b/a  indicate 
how  large  a  fraction  of  the  gas  absorbed  at  0°  escapes  on  the  tem- 
perature being  raised  1° ;  and  from  the  above  it  follows  that  that 
fraction  varies  \Aithin  very  narrow  Hmits  for  all  gases. 

In  order  to  further  test  this  proposition,  it  would  be  necessary 
to  institute  experiments  for  larger  intervals  of  temperature, 

A  comparison  of  the  absorptions  in  alcohol  gave  similar  results. 
— Wiedemann's  Anncden,  vol.  xvii.  p.  349  (1882). 
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